
Copy the figure and the given line of reflection. 
Then draw the reflected image in this line using
a ruler. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line a. 
Step 2: Measure the distance from point C to the 
line a. Then locate C' the same distance from line a 
on the opposite side.  
Step 3: Repeat Step 2 to locate points D' and F'. 
Then connect the vertices, C', D', and F' to form 
the reflected image.  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point Q to the 
line k. Then locate Q' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points R', S' and 
T'. Then connect the vertices, Q', R', S', and T' to 
form the reflected image.  

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point W to the 
line f . Then locate W' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect the vertices, W', X ', Y' and Z' to 
form the reflected image.  
  

 

ANSWER:  

 

4. SPORTING EVENTS Toru is waiting at a café for 
a friend to bring him a ticket to a sold-out sporting 
event. At what point P along the street should the 
friend try to stop his car to minimize the distance 
Toru will have to walk from the café, to the car, and 
then to the arena entrance? Draw a diagram. 

 

SOLUTION:  
 You are asked to locate a point P on line se such 
that cP + Pe has the least possible value. 
 
The total distance from s to P and then from P to e 
is least when these three points are collinear. Use 
the reflection of point c over the road to find the 
location for point P. 
  
 Draw c'e (or se).  

 
  
Locate P at the intersection of road and line se . 

 
  
Compare the sum cP + Pe for each case to verify 
that the location found for P minimizes this sum. 

ANSWER:  
Sample answer: 

 

Graph  and its image in the given line.

 
5. y  = –2 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line y  = –2. 
  
Vertex A is 3 units up from y  = –2, locate the point 
3 units down from y  = –2. A ' would be (1, –5). 
Vertex B is on the line y  = –2, so B' would be at the
same point (2, –2). 
Vertex C is 4 units up from y  = –2, locate the point 
4 units down from y  = –2. C' would be (7, –6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  
  

 

ANSWER:  

 

6. x = 3 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line x = 3. 
  
Vertex A is 2 units left from x = 3, locate the point 
2 units right from x = 3. A ' would be at (5, 1). 
Vertex B is 1 unit left from  x = 3, locate the point 1
unit right from x = 3. B' would be at (4, –2). 
Vertex C is 4 units right from x = 3, locate the point
4 units left from x = 3. C' would be at (–1, 2). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

Graph each figure and its image under the given
reflection. 

7.  with vertices X(0, 4), Y(–3, 4), and Z(–4, –1) 
in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 
X(0, 4) → X'(0, 4) 
Y(–3, 4) → Y'(3, 4) 
Z(–4, –1) →Z'(4, –1) 
  
Plot the points. Then connect the vertices, X ', Y', 
and Z' to form the reflected image. 
  

 

ANSWER:  

 

8.  QRST with vertices Q(–1, 4), R(4, 4), S(3, 1), and
T(–2, 1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

Q(–1, 4) → Q'(–1, –4) 

R(4, 4) → R'(4, –4) 

S(3, 1) →S'(3, –1) 

T(–2, 1) →T'(–2, –1) 
  
Plot the points. Then connect the vertices, Q', R', S',
and T' to form the reflected image. 
  

 

ANSWER:  

 

9. Given quadrilaterals J(–3, 1), K(–1, 3), L(1, 3), and M
(–3, –1) and its image J'(1, –3), K'(3, –1), L'(3, 1), 
and M'(–1, –3), describe the transformation using 
coordinate notation.  

SOLUTION:  
Plot the points for the preimage and the image. 
  

 
The transformation sends each vertex as follows.
  
J(–3, 1) →  J'(1, –3) 

K(–1, 3) →  K'(3, –1) 

L(1, 3) → L'(3, 1) 

M(–3, –1)  → M'(–1, –3) 
  
That means that (x, y ) → (y , x). 
  
This is the result of a reflection over the y = x .  

ANSWER:  
(x, y ) → (y , x); reflection in the y = x .  

TOOLS Copy the figure and the given line of 
reflection. Then draw the reflected image in this
line using a ruler. 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point X  to the 
line k. Then locate X ' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect the vertices, X ', Y', and Z' to form the 
reflected image.  

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line s. 
Step 2: Measure the distance from point J to the 
line s. Then locate J' the same distance from line s 
on the opposite side.  
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect the vertices J', K', L', and M' to 
form the reflected image.  

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line c. 
Step 2: Measure the distance from point E to the 
line c. Then locate E' the same distance from line c 
on the opposite side.  
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect the vertices, E', F', G' and H' to 
form the reflected image.  

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line t. 
Step 2: Measure the distance from point A  to the 
line t. Then locate A ' the same distance from line t 
on the opposite side.  
Step 3: Repeat Step 2 to locate points B', C' and 
D'. Then connect the vertices, A ', B', C' and D' to 
form the reflected image.  

 

ANSWER:  

 

14.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line w. 
Step 2: Measure the distance from point P to the 
line w. Then locate P' the same distance from line w
on the opposite side.  
Step 3: Repeat Step 2 to locate points Q', R', S', 
T,' and U'. Then connect the vertices P', Q', R', S', 
T', and U' to form the reflected image.  

 

ANSWER:  

 

15.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point V to the 
line f . Then locate V' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect the vertices, V', W', X ', Y' and
Z' to form the reflected image.  

 

ANSWER:  

 

SPORTS When a ball is rolled or struck without
spin against a wall, it bounces off the wall and 
travels in a ray that is the reflected image of the
path of the ball if it had gone straight through 
the wall. Use this information in Exercises 16 
and 17. 

 
16. BILLIARDS Tadeo is playing billiards. He wants to

strike the eight ball with the cue ball so that the eight 
ball bounces off the rail and rolls into the indicated 
pocket. If the eight ball moves with no spin, draw a 
diagram showing the exact point P along the right rail
where the eight ball should hit after being struck by 
the cue ball. 

 

SOLUTION:  
We want to determine where the 8 ball should hit the
rail so that it goes into the side pocket. To do this, we
will need to locate a point P on the rail of the table 
such that P is collinear with the side pocket and the 
reflection of the 8 ball.  
  
Step 1: Locate the reflection of the 8 ball. The rail 
(red line) is equidistant from the 8 ball and the 
reflection. 

 
Step 2: Draw a line from the side pocket to the 
reflection. We now know the line along which the 8 
ball should travel in order to go into the side pocket. 

 
The intersection of the red and blue lines is the 
location of point P. The distance from P to the 8 ball 
and from P to the reflection are equal. 

 

ANSWER:  

 

17. INDOOR SOCCER Abby is playing indoor soccer,
and she wants to hit the ball to point C, but must 
avoid an opposing player at point B. She decides to 
hit the ball at point A so that it bounces off the side 
wall. Draw a diagram that shows the exact point 
along the top wall for which Abby should aim. 

 

SOLUTION:  
You are asked to locate a point P on line k such 
that cP + A'P  has the least possible value. 
 
The total distance from c to P and then from A ' to P
is least when these three points are collinear. Use 
the reflection of point A  in line k to find the location 
for point P. 
  
Draw A 'c . Locate P at the intersection of line k and
line A 'c. 
  
Compare the sum cP + A'P  for each case to verify 
that the location found for P minimizes this sum 

 

ANSWER:  

 

Graph each figure and its image in the given 
line. 

 

 

 
18.  y  = 3 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line y  =
3. 
  
Draw y  = 3. 
  
Vertex A is 5 units up from y  = 3, locate the point 5
units down from y  = 3. A ' would be (–5, –2). 
Vertex B is 2 units up from the y  = 3,  locate the 
point 2 units down from y  = 3. B' would be (–1, 1). 
Vertex C is 3 units down from y  = 3, locate the 
point 3 units up from y  = 3. C' would be (–4, 6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

19.  x = –1 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line x =
–1. 
  
Draw x = –1. 
  
Vertex A is 4 units left from x = –1, locate the point
4 units right from x = –1. A ' would be (3, 8). 
Vertex B is on the line x = –1,  so B' would be (–1, 
5). 
Vertex C is 3 units left from x = –1, locate the point
3 units right from x = –1. C' would be (2, 0). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

20. JKLM; x = 1 

SOLUTION:  
J is (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line x = 1. 
  
Draw the line x = 1. 
  
Vertex J is at 2 units right from x = 1, locate the 
point 2 units left from x = 1. J' would be (–1, 8). 
Vertex K is 5 units right from x = 1, locate the point
5 units left from x = 1. K' would be (–4, 8). 
Vertex L is 5 units right from x = 1, locate the point 
5 units left from x = 1. L' would be (–4, 5). 
Vertex M is on x = 1, so M' would be (1, 2). 
  
Then connect the vertices, J', K', L', and M' to form
the reflected image. 

 

ANSWER:  

 

21. JKLM; y  = 4 

SOLUTION:  
J is at (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line y  = 4. 
  
Draw the line y  = 4. 
  
Vertex J is 4 units up from y  = 4, locate the point 4 
units down from y  = 4. J' would be (3, 0). 
Vertex K is 4 units up from y  = 4, locate the point 4
units down from y  = 4. K' would be (6, 0). 
Vertex L is 1 unit up from y  = 4, locate the point 1 
unit down from y  = 4. L' would be (6, 3). 
Vertex M is 2 units down from y  = 4, locate the 
point 2 units up from y  = 4. M' would be (1, 6). 
  
Then connect the vertices J', K', L', and M' to form 
the reflected image. 

 

ANSWER:  

 

22. WXYZ; y  = –4 

SOLUTION:  
W is at (–2, –2), X  is at (6, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line y  = –4. 
  
Draw the line y  = –4. 
  
Vertex W is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. W' would be (–2, –6). 
Vertex X is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. X ' would be (6, –6). 
Vertex Y is 1 unit down from y  = –4, locate the 
point 1 unit up from y  = –4. Y' would be (4, –3). 
Vertex Z is 3 units down from y  = –4, locate the 
point 3 units up from y  = –4. Z' would be (0, –1). 
  
Then connect the vertices W', X ', Y', and Z' to form 
the reflected image. 
  

 

ANSWER:  

 

23. WXYZ; x = –2 

SOLUTION:  
W is at (–2, –2), X  is at (5, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line x = –2. 
  
Draw the line x = –2. 
  
Vertex W is on x = –2, so W' would be (–2, –2). 
Vertex X is 7 units right from x = –2, locate the 
point 7 units left from x = –2. X ' would be (–9, –2).
Vertex Y is 6 units right from x = –2, locate the 
point 6 units left from x = –2. Y' would be (–8, –5). 
Vertex Z is 2 units right from x = –2, locate the 
point 2 units left from x = –2. Z' would be (–4, –7).
  
Then connect the vertices, W', X ', Y', and Z' to form
the reflected image. 
  

 

ANSWER:  

 

STRUCTURE  Graph each figure and its image 
under the given reflection. 

24. rectangle ABCD with vertices A(–5, 2), B(1, 2), C(1, 
–1), and D(–5, –1) in the line y  = –2 

SOLUTION:  
To reflect over the line  y  = –2, subtract from the y -
coordinate the distance from the y  = –2 line.  
  
(x, y ) → (x, y – distance from y = –2 ) 

A(–5, 2) → Distance: +4, A'(–5, –6) 

B(1, 2) → Distance: +4, B'(1, –6) 

C(1, –1) → Distance: +1, C'(1, –3), 

D(–5, –1) →Distance: +1, D'(–5, –3) 
  
Plot the points. Then connect the vertices, A ', B', 
C', and D' to form the reflected image. 

 

ANSWER:  

 

25. square JKLM  with vertices J(–4, 6), K(0, 6), L(0, 2),
and M (–4, 2) in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 

J(–4, 6) → J'(4, 6) 

K(0, 6), → K'(0, 6) 

L(0, 2) → L'(0, 2) 

M(–4, 2)  → M'(4, 2) 
  
Plot the points. Then connect the vertices, J, K', 
L',and M' to form the reflected image. 

 

ANSWER:  

 

26.  with vertices F(–3, 2), G(–4, –1), and H(–6, 
–1) in the line y  = x 

SOLUTION:  
To reflect over line y  = x, interchange the x- and  y -
coordinates.  
  
(x, y ) → (y, x)  

 F(–3, 2), →   F'(2, –3) 

G(–4, –1) → G'(–1, –4) 

H(–6, –1) → H'(–1, –6) 
  
Plot the points. Then connect the vertices, F', G', 
and H' to form the reflected image. 
  

 

ANSWER:  

 

27.  with vertices W(2, 3), X(7, 3), Y(6, –1), and 

Z(1, –1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

W(2, 3) →  W'(2, –3) 

X(7, 3) → X'(7, –3), 

Y(6, –1) → Y'(6, 1) 

Z(1, –1) →  Z'(1, 1) 
  
Plot the points. Then connect the vertices, W', X ', 
Y',and Z' to form the reflected image. 
  

 

ANSWER:  

 

Given each figure and image, describe the 
transformation using coordinate notation. 

28. P(–1, 4), Q(2, 4), R(1, –1), and S(–1, –1) and P'(1, 
4), Q'(–2, 4), R'(–1, –1), and S'(1, –1)  

SOLUTION:  
Plot the points for the figure and its image.  

 
Compare the coordinates. 
  
P(–1, 4) →  P'(1, 4) 

Q(2, 4) → Q'(–2, 4) 

R(1, –1) → R'(–1, –1) 

S(–1, –1) →  S'(1, –1) 

To get from the figure to its image each (x, y ) → (–
x, y ). 
This means a reflection in the y -axis.  

ANSWER:  
(x, y ) → (–x, y ); reflection in the y -axis 

29. S(–3, –2), T(–2, 3), and U(2, 2) and S'(–2, –3), T'(3, 
–2), and U'(2, 2) 

SOLUTION:  
Plot the points for the figure and its image.  
  

 
  
Compare the coordinates. 
  
S(–3, –2) → S'(–2 –3) 

T(–2, 3) → T'(3, –2) 

U(2, 2) → U'(2, 2) 
Each vertex is transformed by (x, y ) → (y , x). 
This is a reflection in the line y  = x, interchange the 
x- and  y -coordinates.  

ANSWER:  
(x, y ) → (y , x); reflection in the line y  = x 

Each figure shows a preimage and its reflected 
image in some line. Copy each figure and draw 
the line of reflection. 

30.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

31.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  

 

ANSWER:  

 

32.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

CONSTRUCTION To construct the reflection 
of a figure in a line using only a compass and a 
straightedge, 
you can use: 
• the construction of a line perpendicular to a 
given line through a point not on the line 
(Lesson 1-5), and 
• the construction of a segment congruent to a 
given segment (Lesson 1-2). 

 
TOOLS  Copy each figure and the given line of 
reflection. Then construct the reflected image. 

33.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at B 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from B to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
A and C. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

34.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at K 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from K to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
J and L. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
  
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

35. ARCHITECTURE Refer to the photo of the 
building on page 227.  
a. Identify the line of reflection.  
b. Identify the preimage/image pairs. Assume that 
architectural features on the left-hand side of the 
picture represent the preimages. 

SOLUTION:  

a. is the line of reflection because each point to
its left matches a point to its right.  
b. A and C, D and F,  and ,  and .  

ANSWER:  

a.  

b. A and C, D and F,  and ,  and .  

ALGEBRA Graph the line y  = 2x – 3 and its 
reflected image in the given line. What is the 
equation of the reflected image? 

36. x-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the x-axis, the x-intercept will 
be the same in the reflection. Use the y-intercept to 
find a second point on the reflected line. Since the y-
intercept is –3,  the y-intercept of the reflected line 
will be 3.  
  
Use (1.5, 0) and (0, 3) to write an equation for the 
reflected line.  
  

 
  

 
  

 

ANSWER:  

 

37. y-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y-axis, the y-intercept will 
be the same in the reflection. Use the x-intercept to 
find a second point on the reflected line. Since the x-
intercept is 1.5,  the x-intercept of the reflected line 
will be –1.5.  
  
Use (–1.5, 0) and (0, –3) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

38. y  = x 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y = x line, the x- and y-
coordinates are switched. Switch the coordinates for 
the intercepts.  The y-intercept is (0, –3), so x-
intercept of the reflected line would be (–3, 0). The 
x-intercept is (1.5, 0), so y-intercept of the reflected 
line would be (0, 1.5) 
  
Use (0, 1.5) and (–3, 0) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

39. Reflect  shown below in the line y  = 3x. 

 

SOLUTION:  
Each vertex and its image will be equidistant from y  
= 3x. To estimate the placement of the images of 
each vertex, first find the equation of the lines 
perpendicular to y  = 3x that pass through each 

vertex. Each of these lines will have the slope , 

which is the negative reciprocal of the slope in y  = 
3x. 
  
Vertex C(-3, 6) 

 
Graph this line. Use a ruler to find the distance 
between C(-3, 6) and the point of intersection with 
the line of reflection. Mark C' an equal distance 
along this line. 
  
Vertex D(-1, 1) 

 
Graph this line. Use a ruler to find the distance 
between D(-1, 1) and the point of intersection with 
the line of reflection. Mark D' an equal distance 
along this line. 
  
Vertex E(3, 5) 

 
Graph this line. Use a ruler to find the distance 
between E(3, 5) and the point of intersection with 
the line of reflection. Mark E' an equal distance 
along this line. 
Connect the vertices, C', D', and E' to form the 
reflected image. 

 
  

 

ANSWER:  

 

40. Relocate vertex C so that ABCDE is convex, and all 
sides remain the same length. 

 

SOLUTION:  
If you reflect vertex C over the BD line, the figure 
would become convex.  

 

ANSWER:  

 

ALGEBRA Graph the reflection of each 
function in the given line. Then write the 
equation of the reflected image. 

41. x-axis 

 

SOLUTION:  
To reflect a point in the x-axis, multiply its y -
coordinate by –1.  
  
To reflect   in the x-axis multiply by –
1.  

 

ANSWER:  

 

42. y-axis 

 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
To reflect  over the y -axis, multiply x 
by –1. The reflected equation will then be 

. 

  
  

 

Copy the figure and the given line of reflection. 
Then draw the reflected image in this line using
a ruler. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line a. 
Step 2: Measure the distance from point C to the 
line a. Then locate C' the same distance from line a 
on the opposite side.  
Step 3: Repeat Step 2 to locate points D' and F'. 
Then connect the vertices, C', D', and F' to form 
the reflected image.  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point Q to the 
line k. Then locate Q' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points R', S' and 
T'. Then connect the vertices, Q', R', S', and T' to 
form the reflected image.  

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point W to the 
line f . Then locate W' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect the vertices, W', X ', Y' and Z' to 
form the reflected image.  
  

 

ANSWER:  

 

4. SPORTING EVENTS Toru is waiting at a café for 
a friend to bring him a ticket to a sold-out sporting 
event. At what point P along the street should the 
friend try to stop his car to minimize the distance 
Toru will have to walk from the café, to the car, and 
then to the arena entrance? Draw a diagram. 

 

SOLUTION:  
 You are asked to locate a point P on line se such 
that cP + Pe has the least possible value. 
 
The total distance from s to P and then from P to e 
is least when these three points are collinear. Use 
the reflection of point c over the road to find the 
location for point P. 
  
 Draw c'e (or se).  

 
  
Locate P at the intersection of road and line se . 

 
  
Compare the sum cP + Pe for each case to verify 
that the location found for P minimizes this sum. 

ANSWER:  
Sample answer: 

 

Graph  and its image in the given line.

 
5. y  = –2 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line y  = –2. 
  
Vertex A is 3 units up from y  = –2, locate the point 
3 units down from y  = –2. A ' would be (1, –5). 
Vertex B is on the line y  = –2, so B' would be at the
same point (2, –2). 
Vertex C is 4 units up from y  = –2, locate the point 
4 units down from y  = –2. C' would be (7, –6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  
  

 

ANSWER:  

 

6. x = 3 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line x = 3. 
  
Vertex A is 2 units left from x = 3, locate the point 
2 units right from x = 3. A ' would be at (5, 1). 
Vertex B is 1 unit left from  x = 3, locate the point 1
unit right from x = 3. B' would be at (4, –2). 
Vertex C is 4 units right from x = 3, locate the point
4 units left from x = 3. C' would be at (–1, 2). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

Graph each figure and its image under the given
reflection. 

7.  with vertices X(0, 4), Y(–3, 4), and Z(–4, –1) 
in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 
X(0, 4) → X'(0, 4) 
Y(–3, 4) → Y'(3, 4) 
Z(–4, –1) →Z'(4, –1) 
  
Plot the points. Then connect the vertices, X ', Y', 
and Z' to form the reflected image. 
  

 

ANSWER:  

 

8.  QRST with vertices Q(–1, 4), R(4, 4), S(3, 1), and
T(–2, 1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

Q(–1, 4) → Q'(–1, –4) 

R(4, 4) → R'(4, –4) 

S(3, 1) →S'(3, –1) 

T(–2, 1) →T'(–2, –1) 
  
Plot the points. Then connect the vertices, Q', R', S',
and T' to form the reflected image. 
  

 

ANSWER:  

 

9. Given quadrilaterals J(–3, 1), K(–1, 3), L(1, 3), and M
(–3, –1) and its image J'(1, –3), K'(3, –1), L'(3, 1), 
and M'(–1, –3), describe the transformation using 
coordinate notation.  

SOLUTION:  
Plot the points for the preimage and the image. 
  

 
The transformation sends each vertex as follows.
  
J(–3, 1) →  J'(1, –3) 

K(–1, 3) →  K'(3, –1) 

L(1, 3) → L'(3, 1) 

M(–3, –1)  → M'(–1, –3) 
  
That means that (x, y ) → (y , x). 
  
This is the result of a reflection over the y = x .  

ANSWER:  
(x, y ) → (y , x); reflection in the y = x .  

TOOLS Copy the figure and the given line of 
reflection. Then draw the reflected image in this
line using a ruler. 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point X  to the 
line k. Then locate X ' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect the vertices, X ', Y', and Z' to form the 
reflected image.  

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line s. 
Step 2: Measure the distance from point J to the 
line s. Then locate J' the same distance from line s 
on the opposite side.  
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect the vertices J', K', L', and M' to 
form the reflected image.  

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line c. 
Step 2: Measure the distance from point E to the 
line c. Then locate E' the same distance from line c 
on the opposite side.  
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect the vertices, E', F', G' and H' to 
form the reflected image.  

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line t. 
Step 2: Measure the distance from point A  to the 
line t. Then locate A ' the same distance from line t 
on the opposite side.  
Step 3: Repeat Step 2 to locate points B', C' and 
D'. Then connect the vertices, A ', B', C' and D' to 
form the reflected image.  

 

ANSWER:  

 

14.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line w. 
Step 2: Measure the distance from point P to the 
line w. Then locate P' the same distance from line w
on the opposite side.  
Step 3: Repeat Step 2 to locate points Q', R', S', 
T,' and U'. Then connect the vertices P', Q', R', S', 
T', and U' to form the reflected image.  

 

ANSWER:  

 

15.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point V to the 
line f . Then locate V' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect the vertices, V', W', X ', Y' and
Z' to form the reflected image.  

 

ANSWER:  

 

SPORTS When a ball is rolled or struck without
spin against a wall, it bounces off the wall and 
travels in a ray that is the reflected image of the
path of the ball if it had gone straight through 
the wall. Use this information in Exercises 16 
and 17. 

 
16. BILLIARDS Tadeo is playing billiards. He wants to

strike the eight ball with the cue ball so that the eight 
ball bounces off the rail and rolls into the indicated 
pocket. If the eight ball moves with no spin, draw a 
diagram showing the exact point P along the right rail
where the eight ball should hit after being struck by 
the cue ball. 

 

SOLUTION:  
We want to determine where the 8 ball should hit the
rail so that it goes into the side pocket. To do this, we
will need to locate a point P on the rail of the table 
such that P is collinear with the side pocket and the 
reflection of the 8 ball.  
  
Step 1: Locate the reflection of the 8 ball. The rail 
(red line) is equidistant from the 8 ball and the 
reflection. 

 
Step 2: Draw a line from the side pocket to the 
reflection. We now know the line along which the 8 
ball should travel in order to go into the side pocket. 

 
The intersection of the red and blue lines is the 
location of point P. The distance from P to the 8 ball 
and from P to the reflection are equal. 

 

ANSWER:  

 

17. INDOOR SOCCER Abby is playing indoor soccer,
and she wants to hit the ball to point C, but must 
avoid an opposing player at point B. She decides to 
hit the ball at point A so that it bounces off the side 
wall. Draw a diagram that shows the exact point 
along the top wall for which Abby should aim. 

 

SOLUTION:  
You are asked to locate a point P on line k such 
that cP + A'P  has the least possible value. 
 
The total distance from c to P and then from A ' to P
is least when these three points are collinear. Use 
the reflection of point A  in line k to find the location 
for point P. 
  
Draw A 'c . Locate P at the intersection of line k and
line A 'c. 
  
Compare the sum cP + A'P  for each case to verify 
that the location found for P minimizes this sum 

 

ANSWER:  

 

Graph each figure and its image in the given 
line. 

 

 

 
18.  y  = 3 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line y  =
3. 
  
Draw y  = 3. 
  
Vertex A is 5 units up from y  = 3, locate the point 5
units down from y  = 3. A ' would be (–5, –2). 
Vertex B is 2 units up from the y  = 3,  locate the 
point 2 units down from y  = 3. B' would be (–1, 1). 
Vertex C is 3 units down from y  = 3, locate the 
point 3 units up from y  = 3. C' would be (–4, 6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

19.  x = –1 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line x =
–1. 
  
Draw x = –1. 
  
Vertex A is 4 units left from x = –1, locate the point
4 units right from x = –1. A ' would be (3, 8). 
Vertex B is on the line x = –1,  so B' would be (–1, 
5). 
Vertex C is 3 units left from x = –1, locate the point
3 units right from x = –1. C' would be (2, 0). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

20. JKLM; x = 1 

SOLUTION:  
J is (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line x = 1. 
  
Draw the line x = 1. 
  
Vertex J is at 2 units right from x = 1, locate the 
point 2 units left from x = 1. J' would be (–1, 8). 
Vertex K is 5 units right from x = 1, locate the point
5 units left from x = 1. K' would be (–4, 8). 
Vertex L is 5 units right from x = 1, locate the point 
5 units left from x = 1. L' would be (–4, 5). 
Vertex M is on x = 1, so M' would be (1, 2). 
  
Then connect the vertices, J', K', L', and M' to form
the reflected image. 

 

ANSWER:  

 

21. JKLM; y  = 4 

SOLUTION:  
J is at (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line y  = 4. 
  
Draw the line y  = 4. 
  
Vertex J is 4 units up from y  = 4, locate the point 4 
units down from y  = 4. J' would be (3, 0). 
Vertex K is 4 units up from y  = 4, locate the point 4
units down from y  = 4. K' would be (6, 0). 
Vertex L is 1 unit up from y  = 4, locate the point 1 
unit down from y  = 4. L' would be (6, 3). 
Vertex M is 2 units down from y  = 4, locate the 
point 2 units up from y  = 4. M' would be (1, 6). 
  
Then connect the vertices J', K', L', and M' to form 
the reflected image. 

 

ANSWER:  

 

22. WXYZ; y  = –4 

SOLUTION:  
W is at (–2, –2), X  is at (6, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line y  = –4. 
  
Draw the line y  = –4. 
  
Vertex W is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. W' would be (–2, –6). 
Vertex X is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. X ' would be (6, –6). 
Vertex Y is 1 unit down from y  = –4, locate the 
point 1 unit up from y  = –4. Y' would be (4, –3). 
Vertex Z is 3 units down from y  = –4, locate the 
point 3 units up from y  = –4. Z' would be (0, –1). 
  
Then connect the vertices W', X ', Y', and Z' to form 
the reflected image. 
  

 

ANSWER:  

 

23. WXYZ; x = –2 

SOLUTION:  
W is at (–2, –2), X  is at (5, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line x = –2. 
  
Draw the line x = –2. 
  
Vertex W is on x = –2, so W' would be (–2, –2). 
Vertex X is 7 units right from x = –2, locate the 
point 7 units left from x = –2. X ' would be (–9, –2).
Vertex Y is 6 units right from x = –2, locate the 
point 6 units left from x = –2. Y' would be (–8, –5). 
Vertex Z is 2 units right from x = –2, locate the 
point 2 units left from x = –2. Z' would be (–4, –7).
  
Then connect the vertices, W', X ', Y', and Z' to form
the reflected image. 
  

 

ANSWER:  

 

STRUCTURE  Graph each figure and its image 
under the given reflection. 

24. rectangle ABCD with vertices A(–5, 2), B(1, 2), C(1, 
–1), and D(–5, –1) in the line y  = –2 

SOLUTION:  
To reflect over the line  y  = –2, subtract from the y -
coordinate the distance from the y  = –2 line.  
  
(x, y ) → (x, y – distance from y = –2 ) 

A(–5, 2) → Distance: +4, A'(–5, –6) 

B(1, 2) → Distance: +4, B'(1, –6) 

C(1, –1) → Distance: +1, C'(1, –3), 

D(–5, –1) →Distance: +1, D'(–5, –3) 
  
Plot the points. Then connect the vertices, A ', B', 
C', and D' to form the reflected image. 

 

ANSWER:  

 

25. square JKLM  with vertices J(–4, 6), K(0, 6), L(0, 2),
and M (–4, 2) in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 

J(–4, 6) → J'(4, 6) 

K(0, 6), → K'(0, 6) 

L(0, 2) → L'(0, 2) 

M(–4, 2)  → M'(4, 2) 
  
Plot the points. Then connect the vertices, J, K', 
L',and M' to form the reflected image. 

 

ANSWER:  

 

26.  with vertices F(–3, 2), G(–4, –1), and H(–6, 
–1) in the line y  = x 

SOLUTION:  
To reflect over line y  = x, interchange the x- and  y -
coordinates.  
  
(x, y ) → (y, x)  

 F(–3, 2), →   F'(2, –3) 

G(–4, –1) → G'(–1, –4) 

H(–6, –1) → H'(–1, –6) 
  
Plot the points. Then connect the vertices, F', G', 
and H' to form the reflected image. 
  

 

ANSWER:  

 

27.  with vertices W(2, 3), X(7, 3), Y(6, –1), and 

Z(1, –1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

W(2, 3) →  W'(2, –3) 

X(7, 3) → X'(7, –3), 

Y(6, –1) → Y'(6, 1) 

Z(1, –1) →  Z'(1, 1) 
  
Plot the points. Then connect the vertices, W', X ', 
Y',and Z' to form the reflected image. 
  

 

ANSWER:  

 

Given each figure and image, describe the 
transformation using coordinate notation. 

28. P(–1, 4), Q(2, 4), R(1, –1), and S(–1, –1) and P'(1, 
4), Q'(–2, 4), R'(–1, –1), and S'(1, –1)  

SOLUTION:  
Plot the points for the figure and its image.  

 
Compare the coordinates. 
  
P(–1, 4) →  P'(1, 4) 

Q(2, 4) → Q'(–2, 4) 

R(1, –1) → R'(–1, –1) 

S(–1, –1) →  S'(1, –1) 

To get from the figure to its image each (x, y ) → (–
x, y ). 
This means a reflection in the y -axis.  

ANSWER:  
(x, y ) → (–x, y ); reflection in the y -axis 

29. S(–3, –2), T(–2, 3), and U(2, 2) and S'(–2, –3), T'(3, 
–2), and U'(2, 2) 

SOLUTION:  
Plot the points for the figure and its image.  
  

 
  
Compare the coordinates. 
  
S(–3, –2) → S'(–2 –3) 

T(–2, 3) → T'(3, –2) 

U(2, 2) → U'(2, 2) 
Each vertex is transformed by (x, y ) → (y , x). 
This is a reflection in the line y  = x, interchange the 
x- and  y -coordinates.  

ANSWER:  
(x, y ) → (y , x); reflection in the line y  = x 

Each figure shows a preimage and its reflected 
image in some line. Copy each figure and draw 
the line of reflection. 

30.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

31.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  

 

ANSWER:  

 

32.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

CONSTRUCTION To construct the reflection 
of a figure in a line using only a compass and a 
straightedge, 
you can use: 
• the construction of a line perpendicular to a 
given line through a point not on the line 
(Lesson 1-5), and 
• the construction of a segment congruent to a 
given segment (Lesson 1-2). 

 
TOOLS  Copy each figure and the given line of 
reflection. Then construct the reflected image. 

33.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at B 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from B to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
A and C. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

34.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at K 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from K to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
J and L. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
  
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

35. ARCHITECTURE Refer to the photo of the 
building on page 227.  
a. Identify the line of reflection.  
b. Identify the preimage/image pairs. Assume that 
architectural features on the left-hand side of the 
picture represent the preimages. 

SOLUTION:  

a. is the line of reflection because each point to
its left matches a point to its right.  
b. A and C, D and F,  and ,  and .  

ANSWER:  

a.  

b. A and C, D and F,  and ,  and .  

ALGEBRA Graph the line y  = 2x – 3 and its 
reflected image in the given line. What is the 
equation of the reflected image? 

36. x-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the x-axis, the x-intercept will 
be the same in the reflection. Use the y-intercept to 
find a second point on the reflected line. Since the y-
intercept is –3,  the y-intercept of the reflected line 
will be 3.  
  
Use (1.5, 0) and (0, 3) to write an equation for the 
reflected line.  
  

 
  

 
  

 

ANSWER:  

 

37. y-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y-axis, the y-intercept will 
be the same in the reflection. Use the x-intercept to 
find a second point on the reflected line. Since the x-
intercept is 1.5,  the x-intercept of the reflected line 
will be –1.5.  
  
Use (–1.5, 0) and (0, –3) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

38. y  = x 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y = x line, the x- and y-
coordinates are switched. Switch the coordinates for 
the intercepts.  The y-intercept is (0, –3), so x-
intercept of the reflected line would be (–3, 0). The 
x-intercept is (1.5, 0), so y-intercept of the reflected 
line would be (0, 1.5) 
  
Use (0, 1.5) and (–3, 0) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

39. Reflect  shown below in the line y  = 3x. 

 

SOLUTION:  
Each vertex and its image will be equidistant from y  
= 3x. To estimate the placement of the images of 
each vertex, first find the equation of the lines 
perpendicular to y  = 3x that pass through each 

vertex. Each of these lines will have the slope , 

which is the negative reciprocal of the slope in y  = 
3x. 
  
Vertex C(-3, 6) 

 
Graph this line. Use a ruler to find the distance 
between C(-3, 6) and the point of intersection with 
the line of reflection. Mark C' an equal distance 
along this line. 
  
Vertex D(-1, 1) 

 
Graph this line. Use a ruler to find the distance 
between D(-1, 1) and the point of intersection with 
the line of reflection. Mark D' an equal distance 
along this line. 
  
Vertex E(3, 5) 

 
Graph this line. Use a ruler to find the distance 
between E(3, 5) and the point of intersection with 
the line of reflection. Mark E' an equal distance 
along this line. 
Connect the vertices, C', D', and E' to form the 
reflected image. 

 
  

 

ANSWER:  

 

40. Relocate vertex C so that ABCDE is convex, and all 
sides remain the same length. 

 

SOLUTION:  
If you reflect vertex C over the BD line, the figure 
would become convex.  

 

ANSWER:  

 

ALGEBRA Graph the reflection of each 
function in the given line. Then write the 
equation of the reflected image. 

41. x-axis 

 

SOLUTION:  
To reflect a point in the x-axis, multiply its y -
coordinate by –1.  
  
To reflect   in the x-axis multiply by –
1.  

 

ANSWER:  

 

42. y-axis 

 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
To reflect  over the y -axis, multiply x 
by –1. The reflected equation will then be 

. 
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3-1 Reflections 



Copy the figure and the given line of reflection. 
Then draw the reflected image in this line using
a ruler. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line a. 
Step 2: Measure the distance from point C to the 
line a. Then locate C' the same distance from line a 
on the opposite side.  
Step 3: Repeat Step 2 to locate points D' and F'. 
Then connect the vertices, C', D', and F' to form 
the reflected image.  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point Q to the 
line k. Then locate Q' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points R', S' and 
T'. Then connect the vertices, Q', R', S', and T' to 
form the reflected image.  

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point W to the 
line f . Then locate W' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect the vertices, W', X ', Y' and Z' to 
form the reflected image.  
  

 

ANSWER:  

 

4. SPORTING EVENTS Toru is waiting at a café for 
a friend to bring him a ticket to a sold-out sporting 
event. At what point P along the street should the 
friend try to stop his car to minimize the distance 
Toru will have to walk from the café, to the car, and 
then to the arena entrance? Draw a diagram. 

 

SOLUTION:  
 You are asked to locate a point P on line se such 
that cP + Pe has the least possible value. 
 
The total distance from s to P and then from P to e 
is least when these three points are collinear. Use 
the reflection of point c over the road to find the 
location for point P. 
  
 Draw c'e (or se).  

 
  
Locate P at the intersection of road and line se . 

 
  
Compare the sum cP + Pe for each case to verify 
that the location found for P minimizes this sum. 

ANSWER:  
Sample answer: 

 

Graph  and its image in the given line.

 
5. y  = –2 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line y  = –2. 
  
Vertex A is 3 units up from y  = –2, locate the point 
3 units down from y  = –2. A ' would be (1, –5). 
Vertex B is on the line y  = –2, so B' would be at the
same point (2, –2). 
Vertex C is 4 units up from y  = –2, locate the point 
4 units down from y  = –2. C' would be (7, –6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  
  

 

ANSWER:  

 

6. x = 3 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line x = 3. 
  
Vertex A is 2 units left from x = 3, locate the point 
2 units right from x = 3. A ' would be at (5, 1). 
Vertex B is 1 unit left from  x = 3, locate the point 1
unit right from x = 3. B' would be at (4, –2). 
Vertex C is 4 units right from x = 3, locate the point
4 units left from x = 3. C' would be at (–1, 2). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

Graph each figure and its image under the given
reflection. 

7.  with vertices X(0, 4), Y(–3, 4), and Z(–4, –1) 
in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 
X(0, 4) → X'(0, 4) 
Y(–3, 4) → Y'(3, 4) 
Z(–4, –1) →Z'(4, –1) 
  
Plot the points. Then connect the vertices, X ', Y', 
and Z' to form the reflected image. 
  

 

ANSWER:  

 

8.  QRST with vertices Q(–1, 4), R(4, 4), S(3, 1), and
T(–2, 1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

Q(–1, 4) → Q'(–1, –4) 

R(4, 4) → R'(4, –4) 

S(3, 1) →S'(3, –1) 

T(–2, 1) →T'(–2, –1) 
  
Plot the points. Then connect the vertices, Q', R', S',
and T' to form the reflected image. 
  

 

ANSWER:  

 

9. Given quadrilaterals J(–3, 1), K(–1, 3), L(1, 3), and M
(–3, –1) and its image J'(1, –3), K'(3, –1), L'(3, 1), 
and M'(–1, –3), describe the transformation using 
coordinate notation.  

SOLUTION:  
Plot the points for the preimage and the image. 
  

 
The transformation sends each vertex as follows.
  
J(–3, 1) →  J'(1, –3) 

K(–1, 3) →  K'(3, –1) 

L(1, 3) → L'(3, 1) 

M(–3, –1)  → M'(–1, –3) 
  
That means that (x, y ) → (y , x). 
  
This is the result of a reflection over the y = x .  

ANSWER:  
(x, y ) → (y , x); reflection in the y = x .  

TOOLS Copy the figure and the given line of 
reflection. Then draw the reflected image in this
line using a ruler. 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point X  to the 
line k. Then locate X ' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect the vertices, X ', Y', and Z' to form the 
reflected image.  

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line s. 
Step 2: Measure the distance from point J to the 
line s. Then locate J' the same distance from line s 
on the opposite side.  
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect the vertices J', K', L', and M' to 
form the reflected image.  

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line c. 
Step 2: Measure the distance from point E to the 
line c. Then locate E' the same distance from line c 
on the opposite side.  
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect the vertices, E', F', G' and H' to 
form the reflected image.  

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line t. 
Step 2: Measure the distance from point A  to the 
line t. Then locate A ' the same distance from line t 
on the opposite side.  
Step 3: Repeat Step 2 to locate points B', C' and 
D'. Then connect the vertices, A ', B', C' and D' to 
form the reflected image.  

 

ANSWER:  

 

14.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line w. 
Step 2: Measure the distance from point P to the 
line w. Then locate P' the same distance from line w
on the opposite side.  
Step 3: Repeat Step 2 to locate points Q', R', S', 
T,' and U'. Then connect the vertices P', Q', R', S', 
T', and U' to form the reflected image.  

 

ANSWER:  

 

15.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point V to the 
line f . Then locate V' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect the vertices, V', W', X ', Y' and
Z' to form the reflected image.  

 

ANSWER:  

 

SPORTS When a ball is rolled or struck without
spin against a wall, it bounces off the wall and 
travels in a ray that is the reflected image of the
path of the ball if it had gone straight through 
the wall. Use this information in Exercises 16 
and 17. 

 
16. BILLIARDS Tadeo is playing billiards. He wants to

strike the eight ball with the cue ball so that the eight 
ball bounces off the rail and rolls into the indicated 
pocket. If the eight ball moves with no spin, draw a 
diagram showing the exact point P along the right rail
where the eight ball should hit after being struck by 
the cue ball. 

 

SOLUTION:  
We want to determine where the 8 ball should hit the
rail so that it goes into the side pocket. To do this, we
will need to locate a point P on the rail of the table 
such that P is collinear with the side pocket and the 
reflection of the 8 ball.  
  
Step 1: Locate the reflection of the 8 ball. The rail 
(red line) is equidistant from the 8 ball and the 
reflection. 

 
Step 2: Draw a line from the side pocket to the 
reflection. We now know the line along which the 8 
ball should travel in order to go into the side pocket. 

 
The intersection of the red and blue lines is the 
location of point P. The distance from P to the 8 ball 
and from P to the reflection are equal. 

 

ANSWER:  

 

17. INDOOR SOCCER Abby is playing indoor soccer,
and she wants to hit the ball to point C, but must 
avoid an opposing player at point B. She decides to 
hit the ball at point A so that it bounces off the side 
wall. Draw a diagram that shows the exact point 
along the top wall for which Abby should aim. 

 

SOLUTION:  
You are asked to locate a point P on line k such 
that cP + A'P  has the least possible value. 
 
The total distance from c to P and then from A ' to P
is least when these three points are collinear. Use 
the reflection of point A  in line k to find the location 
for point P. 
  
Draw A 'c . Locate P at the intersection of line k and
line A 'c. 
  
Compare the sum cP + A'P  for each case to verify 
that the location found for P minimizes this sum 

 

ANSWER:  

 

Graph each figure and its image in the given 
line. 

 

 

 
18.  y  = 3 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line y  =
3. 
  
Draw y  = 3. 
  
Vertex A is 5 units up from y  = 3, locate the point 5
units down from y  = 3. A ' would be (–5, –2). 
Vertex B is 2 units up from the y  = 3,  locate the 
point 2 units down from y  = 3. B' would be (–1, 1). 
Vertex C is 3 units down from y  = 3, locate the 
point 3 units up from y  = 3. C' would be (–4, 6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

19.  x = –1 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line x =
–1. 
  
Draw x = –1. 
  
Vertex A is 4 units left from x = –1, locate the point
4 units right from x = –1. A ' would be (3, 8). 
Vertex B is on the line x = –1,  so B' would be (–1, 
5). 
Vertex C is 3 units left from x = –1, locate the point
3 units right from x = –1. C' would be (2, 0). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

20. JKLM; x = 1 

SOLUTION:  
J is (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line x = 1. 
  
Draw the line x = 1. 
  
Vertex J is at 2 units right from x = 1, locate the 
point 2 units left from x = 1. J' would be (–1, 8). 
Vertex K is 5 units right from x = 1, locate the point
5 units left from x = 1. K' would be (–4, 8). 
Vertex L is 5 units right from x = 1, locate the point 
5 units left from x = 1. L' would be (–4, 5). 
Vertex M is on x = 1, so M' would be (1, 2). 
  
Then connect the vertices, J', K', L', and M' to form
the reflected image. 

 

ANSWER:  

 

21. JKLM; y  = 4 

SOLUTION:  
J is at (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line y  = 4. 
  
Draw the line y  = 4. 
  
Vertex J is 4 units up from y  = 4, locate the point 4 
units down from y  = 4. J' would be (3, 0). 
Vertex K is 4 units up from y  = 4, locate the point 4
units down from y  = 4. K' would be (6, 0). 
Vertex L is 1 unit up from y  = 4, locate the point 1 
unit down from y  = 4. L' would be (6, 3). 
Vertex M is 2 units down from y  = 4, locate the 
point 2 units up from y  = 4. M' would be (1, 6). 
  
Then connect the vertices J', K', L', and M' to form 
the reflected image. 

 

ANSWER:  

 

22. WXYZ; y  = –4 

SOLUTION:  
W is at (–2, –2), X  is at (6, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line y  = –4. 
  
Draw the line y  = –4. 
  
Vertex W is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. W' would be (–2, –6). 
Vertex X is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. X ' would be (6, –6). 
Vertex Y is 1 unit down from y  = –4, locate the 
point 1 unit up from y  = –4. Y' would be (4, –3). 
Vertex Z is 3 units down from y  = –4, locate the 
point 3 units up from y  = –4. Z' would be (0, –1). 
  
Then connect the vertices W', X ', Y', and Z' to form 
the reflected image. 
  

 

ANSWER:  

 

23. WXYZ; x = –2 

SOLUTION:  
W is at (–2, –2), X  is at (5, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line x = –2. 
  
Draw the line x = –2. 
  
Vertex W is on x = –2, so W' would be (–2, –2). 
Vertex X is 7 units right from x = –2, locate the 
point 7 units left from x = –2. X ' would be (–9, –2).
Vertex Y is 6 units right from x = –2, locate the 
point 6 units left from x = –2. Y' would be (–8, –5). 
Vertex Z is 2 units right from x = –2, locate the 
point 2 units left from x = –2. Z' would be (–4, –7).
  
Then connect the vertices, W', X ', Y', and Z' to form
the reflected image. 
  

 

ANSWER:  

 

STRUCTURE  Graph each figure and its image 
under the given reflection. 

24. rectangle ABCD with vertices A(–5, 2), B(1, 2), C(1, 
–1), and D(–5, –1) in the line y  = –2 

SOLUTION:  
To reflect over the line  y  = –2, subtract from the y -
coordinate the distance from the y  = –2 line.  
  
(x, y ) → (x, y – distance from y = –2 ) 

A(–5, 2) → Distance: +4, A'(–5, –6) 

B(1, 2) → Distance: +4, B'(1, –6) 

C(1, –1) → Distance: +1, C'(1, –3), 

D(–5, –1) →Distance: +1, D'(–5, –3) 
  
Plot the points. Then connect the vertices, A ', B', 
C', and D' to form the reflected image. 

 

ANSWER:  

 

25. square JKLM  with vertices J(–4, 6), K(0, 6), L(0, 2),
and M (–4, 2) in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 

J(–4, 6) → J'(4, 6) 

K(0, 6), → K'(0, 6) 

L(0, 2) → L'(0, 2) 

M(–4, 2)  → M'(4, 2) 
  
Plot the points. Then connect the vertices, J, K', 
L',and M' to form the reflected image. 

 

ANSWER:  

 

26.  with vertices F(–3, 2), G(–4, –1), and H(–6, 
–1) in the line y  = x 

SOLUTION:  
To reflect over line y  = x, interchange the x- and  y -
coordinates.  
  
(x, y ) → (y, x)  

 F(–3, 2), →   F'(2, –3) 

G(–4, –1) → G'(–1, –4) 

H(–6, –1) → H'(–1, –6) 
  
Plot the points. Then connect the vertices, F', G', 
and H' to form the reflected image. 
  

 

ANSWER:  

 

27.  with vertices W(2, 3), X(7, 3), Y(6, –1), and 

Z(1, –1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

W(2, 3) →  W'(2, –3) 

X(7, 3) → X'(7, –3), 

Y(6, –1) → Y'(6, 1) 

Z(1, –1) →  Z'(1, 1) 
  
Plot the points. Then connect the vertices, W', X ', 
Y',and Z' to form the reflected image. 
  

 

ANSWER:  

 

Given each figure and image, describe the 
transformation using coordinate notation. 

28. P(–1, 4), Q(2, 4), R(1, –1), and S(–1, –1) and P'(1, 
4), Q'(–2, 4), R'(–1, –1), and S'(1, –1)  

SOLUTION:  
Plot the points for the figure and its image.  

 
Compare the coordinates. 
  
P(–1, 4) →  P'(1, 4) 

Q(2, 4) → Q'(–2, 4) 

R(1, –1) → R'(–1, –1) 

S(–1, –1) →  S'(1, –1) 

To get from the figure to its image each (x, y ) → (–
x, y ). 
This means a reflection in the y -axis.  

ANSWER:  
(x, y ) → (–x, y ); reflection in the y -axis 

29. S(–3, –2), T(–2, 3), and U(2, 2) and S'(–2, –3), T'(3, 
–2), and U'(2, 2) 

SOLUTION:  
Plot the points for the figure and its image.  
  

 
  
Compare the coordinates. 
  
S(–3, –2) → S'(–2 –3) 

T(–2, 3) → T'(3, –2) 

U(2, 2) → U'(2, 2) 
Each vertex is transformed by (x, y ) → (y , x). 
This is a reflection in the line y  = x, interchange the 
x- and  y -coordinates.  

ANSWER:  
(x, y ) → (y , x); reflection in the line y  = x 

Each figure shows a preimage and its reflected 
image in some line. Copy each figure and draw 
the line of reflection. 

30.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

31.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  

 

ANSWER:  

 

32.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

CONSTRUCTION To construct the reflection 
of a figure in a line using only a compass and a 
straightedge, 
you can use: 
• the construction of a line perpendicular to a 
given line through a point not on the line 
(Lesson 1-5), and 
• the construction of a segment congruent to a 
given segment (Lesson 1-2). 

 
TOOLS  Copy each figure and the given line of 
reflection. Then construct the reflected image. 

33.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at B 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from B to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
A and C. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

34.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at K 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from K to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
J and L. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
  
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

35. ARCHITECTURE Refer to the photo of the 
building on page 227.  
a. Identify the line of reflection.  
b. Identify the preimage/image pairs. Assume that 
architectural features on the left-hand side of the 
picture represent the preimages. 

SOLUTION:  

a. is the line of reflection because each point to
its left matches a point to its right.  
b. A and C, D and F,  and ,  and .  

ANSWER:  

a.  

b. A and C, D and F,  and ,  and .  

ALGEBRA Graph the line y  = 2x – 3 and its 
reflected image in the given line. What is the 
equation of the reflected image? 

36. x-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the x-axis, the x-intercept will 
be the same in the reflection. Use the y-intercept to 
find a second point on the reflected line. Since the y-
intercept is –3,  the y-intercept of the reflected line 
will be 3.  
  
Use (1.5, 0) and (0, 3) to write an equation for the 
reflected line.  
  

 
  

 
  

 

ANSWER:  

 

37. y-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y-axis, the y-intercept will 
be the same in the reflection. Use the x-intercept to 
find a second point on the reflected line. Since the x-
intercept is 1.5,  the x-intercept of the reflected line 
will be –1.5.  
  
Use (–1.5, 0) and (0, –3) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

38. y  = x 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y = x line, the x- and y-
coordinates are switched. Switch the coordinates for 
the intercepts.  The y-intercept is (0, –3), so x-
intercept of the reflected line would be (–3, 0). The 
x-intercept is (1.5, 0), so y-intercept of the reflected 
line would be (0, 1.5) 
  
Use (0, 1.5) and (–3, 0) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

39. Reflect  shown below in the line y  = 3x. 

 

SOLUTION:  
Each vertex and its image will be equidistant from y  
= 3x. To estimate the placement of the images of 
each vertex, first find the equation of the lines 
perpendicular to y  = 3x that pass through each 

vertex. Each of these lines will have the slope , 

which is the negative reciprocal of the slope in y  = 
3x. 
  
Vertex C(-3, 6) 

 
Graph this line. Use a ruler to find the distance 
between C(-3, 6) and the point of intersection with 
the line of reflection. Mark C' an equal distance 
along this line. 
  
Vertex D(-1, 1) 

 
Graph this line. Use a ruler to find the distance 
between D(-1, 1) and the point of intersection with 
the line of reflection. Mark D' an equal distance 
along this line. 
  
Vertex E(3, 5) 

 
Graph this line. Use a ruler to find the distance 
between E(3, 5) and the point of intersection with 
the line of reflection. Mark E' an equal distance 
along this line. 
Connect the vertices, C', D', and E' to form the 
reflected image. 

 
  

 

ANSWER:  

 

40. Relocate vertex C so that ABCDE is convex, and all 
sides remain the same length. 

 

SOLUTION:  
If you reflect vertex C over the BD line, the figure 
would become convex.  

 

ANSWER:  

 

ALGEBRA Graph the reflection of each 
function in the given line. Then write the 
equation of the reflected image. 

41. x-axis 

 

SOLUTION:  
To reflect a point in the x-axis, multiply its y -
coordinate by –1.  
  
To reflect   in the x-axis multiply by –
1.  

 

ANSWER:  

 

42. y-axis 

 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
To reflect  over the y -axis, multiply x 
by –1. The reflected equation will then be 

. 

  
  

 

Copy the figure and the given line of reflection. 
Then draw the reflected image in this line using
a ruler. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line a. 
Step 2: Measure the distance from point C to the 
line a. Then locate C' the same distance from line a 
on the opposite side.  
Step 3: Repeat Step 2 to locate points D' and F'. 
Then connect the vertices, C', D', and F' to form 
the reflected image.  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point Q to the 
line k. Then locate Q' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points R', S' and 
T'. Then connect the vertices, Q', R', S', and T' to 
form the reflected image.  

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point W to the 
line f . Then locate W' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect the vertices, W', X ', Y' and Z' to 
form the reflected image.  
  

 

ANSWER:  

 

4. SPORTING EVENTS Toru is waiting at a café for 
a friend to bring him a ticket to a sold-out sporting 
event. At what point P along the street should the 
friend try to stop his car to minimize the distance 
Toru will have to walk from the café, to the car, and 
then to the arena entrance? Draw a diagram. 

 

SOLUTION:  
 You are asked to locate a point P on line se such 
that cP + Pe has the least possible value. 
 
The total distance from s to P and then from P to e 
is least when these three points are collinear. Use 
the reflection of point c over the road to find the 
location for point P. 
  
 Draw c'e (or se).  

 
  
Locate P at the intersection of road and line se . 

 
  
Compare the sum cP + Pe for each case to verify 
that the location found for P minimizes this sum. 

ANSWER:  
Sample answer: 

 

Graph  and its image in the given line.

 
5. y  = –2 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line y  = –2. 
  
Vertex A is 3 units up from y  = –2, locate the point 
3 units down from y  = –2. A ' would be (1, –5). 
Vertex B is on the line y  = –2, so B' would be at the
same point (2, –2). 
Vertex C is 4 units up from y  = –2, locate the point 
4 units down from y  = –2. C' would be (7, –6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  
  

 

ANSWER:  

 

6. x = 3 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line x = 3. 
  
Vertex A is 2 units left from x = 3, locate the point 
2 units right from x = 3. A ' would be at (5, 1). 
Vertex B is 1 unit left from  x = 3, locate the point 1
unit right from x = 3. B' would be at (4, –2). 
Vertex C is 4 units right from x = 3, locate the point
4 units left from x = 3. C' would be at (–1, 2). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

Graph each figure and its image under the given
reflection. 

7.  with vertices X(0, 4), Y(–3, 4), and Z(–4, –1) 
in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 
X(0, 4) → X'(0, 4) 
Y(–3, 4) → Y'(3, 4) 
Z(–4, –1) →Z'(4, –1) 
  
Plot the points. Then connect the vertices, X ', Y', 
and Z' to form the reflected image. 
  

 

ANSWER:  

 

8.  QRST with vertices Q(–1, 4), R(4, 4), S(3, 1), and
T(–2, 1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

Q(–1, 4) → Q'(–1, –4) 

R(4, 4) → R'(4, –4) 

S(3, 1) →S'(3, –1) 

T(–2, 1) →T'(–2, –1) 
  
Plot the points. Then connect the vertices, Q', R', S',
and T' to form the reflected image. 
  

 

ANSWER:  

 

9. Given quadrilaterals J(–3, 1), K(–1, 3), L(1, 3), and M
(–3, –1) and its image J'(1, –3), K'(3, –1), L'(3, 1), 
and M'(–1, –3), describe the transformation using 
coordinate notation.  

SOLUTION:  
Plot the points for the preimage and the image. 
  

 
The transformation sends each vertex as follows.
  
J(–3, 1) →  J'(1, –3) 

K(–1, 3) →  K'(3, –1) 

L(1, 3) → L'(3, 1) 

M(–3, –1)  → M'(–1, –3) 
  
That means that (x, y ) → (y , x). 
  
This is the result of a reflection over the y = x .  

ANSWER:  
(x, y ) → (y , x); reflection in the y = x .  

TOOLS Copy the figure and the given line of 
reflection. Then draw the reflected image in this
line using a ruler. 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point X  to the 
line k. Then locate X ' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect the vertices, X ', Y', and Z' to form the 
reflected image.  

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line s. 
Step 2: Measure the distance from point J to the 
line s. Then locate J' the same distance from line s 
on the opposite side.  
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect the vertices J', K', L', and M' to 
form the reflected image.  

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line c. 
Step 2: Measure the distance from point E to the 
line c. Then locate E' the same distance from line c 
on the opposite side.  
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect the vertices, E', F', G' and H' to 
form the reflected image.  

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line t. 
Step 2: Measure the distance from point A  to the 
line t. Then locate A ' the same distance from line t 
on the opposite side.  
Step 3: Repeat Step 2 to locate points B', C' and 
D'. Then connect the vertices, A ', B', C' and D' to 
form the reflected image.  

 

ANSWER:  

 

14.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line w. 
Step 2: Measure the distance from point P to the 
line w. Then locate P' the same distance from line w
on the opposite side.  
Step 3: Repeat Step 2 to locate points Q', R', S', 
T,' and U'. Then connect the vertices P', Q', R', S', 
T', and U' to form the reflected image.  

 

ANSWER:  

 

15.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point V to the 
line f . Then locate V' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect the vertices, V', W', X ', Y' and
Z' to form the reflected image.  

 

ANSWER:  

 

SPORTS When a ball is rolled or struck without
spin against a wall, it bounces off the wall and 
travels in a ray that is the reflected image of the
path of the ball if it had gone straight through 
the wall. Use this information in Exercises 16 
and 17. 

 
16. BILLIARDS Tadeo is playing billiards. He wants to

strike the eight ball with the cue ball so that the eight 
ball bounces off the rail and rolls into the indicated 
pocket. If the eight ball moves with no spin, draw a 
diagram showing the exact point P along the right rail
where the eight ball should hit after being struck by 
the cue ball. 

 

SOLUTION:  
We want to determine where the 8 ball should hit the
rail so that it goes into the side pocket. To do this, we
will need to locate a point P on the rail of the table 
such that P is collinear with the side pocket and the 
reflection of the 8 ball.  
  
Step 1: Locate the reflection of the 8 ball. The rail 
(red line) is equidistant from the 8 ball and the 
reflection. 

 
Step 2: Draw a line from the side pocket to the 
reflection. We now know the line along which the 8 
ball should travel in order to go into the side pocket. 

 
The intersection of the red and blue lines is the 
location of point P. The distance from P to the 8 ball 
and from P to the reflection are equal. 

 

ANSWER:  

 

17. INDOOR SOCCER Abby is playing indoor soccer,
and she wants to hit the ball to point C, but must 
avoid an opposing player at point B. She decides to 
hit the ball at point A so that it bounces off the side 
wall. Draw a diagram that shows the exact point 
along the top wall for which Abby should aim. 

 

SOLUTION:  
You are asked to locate a point P on line k such 
that cP + A'P  has the least possible value. 
 
The total distance from c to P and then from A ' to P
is least when these three points are collinear. Use 
the reflection of point A  in line k to find the location 
for point P. 
  
Draw A 'c . Locate P at the intersection of line k and
line A 'c. 
  
Compare the sum cP + A'P  for each case to verify 
that the location found for P minimizes this sum 

 

ANSWER:  

 

Graph each figure and its image in the given 
line. 

 

 

 
18.  y  = 3 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line y  =
3. 
  
Draw y  = 3. 
  
Vertex A is 5 units up from y  = 3, locate the point 5
units down from y  = 3. A ' would be (–5, –2). 
Vertex B is 2 units up from the y  = 3,  locate the 
point 2 units down from y  = 3. B' would be (–1, 1). 
Vertex C is 3 units down from y  = 3, locate the 
point 3 units up from y  = 3. C' would be (–4, 6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

19.  x = –1 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line x =
–1. 
  
Draw x = –1. 
  
Vertex A is 4 units left from x = –1, locate the point
4 units right from x = –1. A ' would be (3, 8). 
Vertex B is on the line x = –1,  so B' would be (–1, 
5). 
Vertex C is 3 units left from x = –1, locate the point
3 units right from x = –1. C' would be (2, 0). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

20. JKLM; x = 1 

SOLUTION:  
J is (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line x = 1. 
  
Draw the line x = 1. 
  
Vertex J is at 2 units right from x = 1, locate the 
point 2 units left from x = 1. J' would be (–1, 8). 
Vertex K is 5 units right from x = 1, locate the point
5 units left from x = 1. K' would be (–4, 8). 
Vertex L is 5 units right from x = 1, locate the point 
5 units left from x = 1. L' would be (–4, 5). 
Vertex M is on x = 1, so M' would be (1, 2). 
  
Then connect the vertices, J', K', L', and M' to form
the reflected image. 

 

ANSWER:  

 

21. JKLM; y  = 4 

SOLUTION:  
J is at (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line y  = 4. 
  
Draw the line y  = 4. 
  
Vertex J is 4 units up from y  = 4, locate the point 4 
units down from y  = 4. J' would be (3, 0). 
Vertex K is 4 units up from y  = 4, locate the point 4
units down from y  = 4. K' would be (6, 0). 
Vertex L is 1 unit up from y  = 4, locate the point 1 
unit down from y  = 4. L' would be (6, 3). 
Vertex M is 2 units down from y  = 4, locate the 
point 2 units up from y  = 4. M' would be (1, 6). 
  
Then connect the vertices J', K', L', and M' to form 
the reflected image. 

 

ANSWER:  

 

22. WXYZ; y  = –4 

SOLUTION:  
W is at (–2, –2), X  is at (6, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line y  = –4. 
  
Draw the line y  = –4. 
  
Vertex W is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. W' would be (–2, –6). 
Vertex X is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. X ' would be (6, –6). 
Vertex Y is 1 unit down from y  = –4, locate the 
point 1 unit up from y  = –4. Y' would be (4, –3). 
Vertex Z is 3 units down from y  = –4, locate the 
point 3 units up from y  = –4. Z' would be (0, –1). 
  
Then connect the vertices W', X ', Y', and Z' to form 
the reflected image. 
  

 

ANSWER:  

 

23. WXYZ; x = –2 

SOLUTION:  
W is at (–2, –2), X  is at (5, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line x = –2. 
  
Draw the line x = –2. 
  
Vertex W is on x = –2, so W' would be (–2, –2). 
Vertex X is 7 units right from x = –2, locate the 
point 7 units left from x = –2. X ' would be (–9, –2).
Vertex Y is 6 units right from x = –2, locate the 
point 6 units left from x = –2. Y' would be (–8, –5). 
Vertex Z is 2 units right from x = –2, locate the 
point 2 units left from x = –2. Z' would be (–4, –7).
  
Then connect the vertices, W', X ', Y', and Z' to form
the reflected image. 
  

 

ANSWER:  

 

STRUCTURE  Graph each figure and its image 
under the given reflection. 

24. rectangle ABCD with vertices A(–5, 2), B(1, 2), C(1, 
–1), and D(–5, –1) in the line y  = –2 

SOLUTION:  
To reflect over the line  y  = –2, subtract from the y -
coordinate the distance from the y  = –2 line.  
  
(x, y ) → (x, y – distance from y = –2 ) 

A(–5, 2) → Distance: +4, A'(–5, –6) 

B(1, 2) → Distance: +4, B'(1, –6) 

C(1, –1) → Distance: +1, C'(1, –3), 

D(–5, –1) →Distance: +1, D'(–5, –3) 
  
Plot the points. Then connect the vertices, A ', B', 
C', and D' to form the reflected image. 

 

ANSWER:  

 

25. square JKLM  with vertices J(–4, 6), K(0, 6), L(0, 2),
and M (–4, 2) in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 

J(–4, 6) → J'(4, 6) 

K(0, 6), → K'(0, 6) 

L(0, 2) → L'(0, 2) 

M(–4, 2)  → M'(4, 2) 
  
Plot the points. Then connect the vertices, J, K', 
L',and M' to form the reflected image. 

 

ANSWER:  

 

26.  with vertices F(–3, 2), G(–4, –1), and H(–6, 
–1) in the line y  = x 

SOLUTION:  
To reflect over line y  = x, interchange the x- and  y -
coordinates.  
  
(x, y ) → (y, x)  

 F(–3, 2), →   F'(2, –3) 

G(–4, –1) → G'(–1, –4) 

H(–6, –1) → H'(–1, –6) 
  
Plot the points. Then connect the vertices, F', G', 
and H' to form the reflected image. 
  

 

ANSWER:  

 

27.  with vertices W(2, 3), X(7, 3), Y(6, –1), and 

Z(1, –1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

W(2, 3) →  W'(2, –3) 

X(7, 3) → X'(7, –3), 

Y(6, –1) → Y'(6, 1) 

Z(1, –1) →  Z'(1, 1) 
  
Plot the points. Then connect the vertices, W', X ', 
Y',and Z' to form the reflected image. 
  

 

ANSWER:  

 

Given each figure and image, describe the 
transformation using coordinate notation. 

28. P(–1, 4), Q(2, 4), R(1, –1), and S(–1, –1) and P'(1, 
4), Q'(–2, 4), R'(–1, –1), and S'(1, –1)  

SOLUTION:  
Plot the points for the figure and its image.  

 
Compare the coordinates. 
  
P(–1, 4) →  P'(1, 4) 

Q(2, 4) → Q'(–2, 4) 

R(1, –1) → R'(–1, –1) 

S(–1, –1) →  S'(1, –1) 

To get from the figure to its image each (x, y ) → (–
x, y ). 
This means a reflection in the y -axis.  

ANSWER:  
(x, y ) → (–x, y ); reflection in the y -axis 

29. S(–3, –2), T(–2, 3), and U(2, 2) and S'(–2, –3), T'(3, 
–2), and U'(2, 2) 

SOLUTION:  
Plot the points for the figure and its image.  
  

 
  
Compare the coordinates. 
  
S(–3, –2) → S'(–2 –3) 

T(–2, 3) → T'(3, –2) 

U(2, 2) → U'(2, 2) 
Each vertex is transformed by (x, y ) → (y , x). 
This is a reflection in the line y  = x, interchange the 
x- and  y -coordinates.  

ANSWER:  
(x, y ) → (y , x); reflection in the line y  = x 

Each figure shows a preimage and its reflected 
image in some line. Copy each figure and draw 
the line of reflection. 

30.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

31.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  

 

ANSWER:  

 

32.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

CONSTRUCTION To construct the reflection 
of a figure in a line using only a compass and a 
straightedge, 
you can use: 
• the construction of a line perpendicular to a 
given line through a point not on the line 
(Lesson 1-5), and 
• the construction of a segment congruent to a 
given segment (Lesson 1-2). 

 
TOOLS  Copy each figure and the given line of 
reflection. Then construct the reflected image. 

33.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at B 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from B to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
A and C. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

34.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at K 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from K to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
J and L. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
  
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

35. ARCHITECTURE Refer to the photo of the 
building on page 227.  
a. Identify the line of reflection.  
b. Identify the preimage/image pairs. Assume that 
architectural features on the left-hand side of the 
picture represent the preimages. 

SOLUTION:  

a. is the line of reflection because each point to
its left matches a point to its right.  
b. A and C, D and F,  and ,  and .  

ANSWER:  

a.  

b. A and C, D and F,  and ,  and .  

ALGEBRA Graph the line y  = 2x – 3 and its 
reflected image in the given line. What is the 
equation of the reflected image? 

36. x-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the x-axis, the x-intercept will 
be the same in the reflection. Use the y-intercept to 
find a second point on the reflected line. Since the y-
intercept is –3,  the y-intercept of the reflected line 
will be 3.  
  
Use (1.5, 0) and (0, 3) to write an equation for the 
reflected line.  
  

 
  

 
  

 

ANSWER:  

 

37. y-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y-axis, the y-intercept will 
be the same in the reflection. Use the x-intercept to 
find a second point on the reflected line. Since the x-
intercept is 1.5,  the x-intercept of the reflected line 
will be –1.5.  
  
Use (–1.5, 0) and (0, –3) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

38. y  = x 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y = x line, the x- and y-
coordinates are switched. Switch the coordinates for 
the intercepts.  The y-intercept is (0, –3), so x-
intercept of the reflected line would be (–3, 0). The 
x-intercept is (1.5, 0), so y-intercept of the reflected 
line would be (0, 1.5) 
  
Use (0, 1.5) and (–3, 0) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

39. Reflect  shown below in the line y  = 3x. 

 

SOLUTION:  
Each vertex and its image will be equidistant from y  
= 3x. To estimate the placement of the images of 
each vertex, first find the equation of the lines 
perpendicular to y  = 3x that pass through each 

vertex. Each of these lines will have the slope , 

which is the negative reciprocal of the slope in y  = 
3x. 
  
Vertex C(-3, 6) 

 
Graph this line. Use a ruler to find the distance 
between C(-3, 6) and the point of intersection with 
the line of reflection. Mark C' an equal distance 
along this line. 
  
Vertex D(-1, 1) 

 
Graph this line. Use a ruler to find the distance 
between D(-1, 1) and the point of intersection with 
the line of reflection. Mark D' an equal distance 
along this line. 
  
Vertex E(3, 5) 

 
Graph this line. Use a ruler to find the distance 
between E(3, 5) and the point of intersection with 
the line of reflection. Mark E' an equal distance 
along this line. 
Connect the vertices, C', D', and E' to form the 
reflected image. 

 
  

 

ANSWER:  

 

40. Relocate vertex C so that ABCDE is convex, and all 
sides remain the same length. 

 

SOLUTION:  
If you reflect vertex C over the BD line, the figure 
would become convex.  

 

ANSWER:  

 

ALGEBRA Graph the reflection of each 
function in the given line. Then write the 
equation of the reflected image. 

41. x-axis 

 

SOLUTION:  
To reflect a point in the x-axis, multiply its y -
coordinate by –1.  
  
To reflect   in the x-axis multiply by –
1.  

 

ANSWER:  

 

42. y-axis 

 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
To reflect  over the y -axis, multiply x 
by –1. The reflected equation will then be 

. 
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Copy the figure and the given line of reflection. 
Then draw the reflected image in this line using
a ruler. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line a. 
Step 2: Measure the distance from point C to the 
line a. Then locate C' the same distance from line a 
on the opposite side.  
Step 3: Repeat Step 2 to locate points D' and F'. 
Then connect the vertices, C', D', and F' to form 
the reflected image.  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point Q to the 
line k. Then locate Q' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points R', S' and 
T'. Then connect the vertices, Q', R', S', and T' to 
form the reflected image.  

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point W to the 
line f . Then locate W' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect the vertices, W', X ', Y' and Z' to 
form the reflected image.  
  

 

ANSWER:  

 

4. SPORTING EVENTS Toru is waiting at a café for 
a friend to bring him a ticket to a sold-out sporting 
event. At what point P along the street should the 
friend try to stop his car to minimize the distance 
Toru will have to walk from the café, to the car, and 
then to the arena entrance? Draw a diagram. 

 

SOLUTION:  
 You are asked to locate a point P on line se such 
that cP + Pe has the least possible value. 
 
The total distance from s to P and then from P to e 
is least when these three points are collinear. Use 
the reflection of point c over the road to find the 
location for point P. 
  
 Draw c'e (or se).  

 
  
Locate P at the intersection of road and line se . 

 
  
Compare the sum cP + Pe for each case to verify 
that the location found for P minimizes this sum. 

ANSWER:  
Sample answer: 

 

Graph  and its image in the given line.

 
5. y  = –2 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line y  = –2. 
  
Vertex A is 3 units up from y  = –2, locate the point 
3 units down from y  = –2. A ' would be (1, –5). 
Vertex B is on the line y  = –2, so B' would be at the
same point (2, –2). 
Vertex C is 4 units up from y  = –2, locate the point 
4 units down from y  = –2. C' would be (7, –6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  
  

 

ANSWER:  

 

6. x = 3 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line x = 3. 
  
Vertex A is 2 units left from x = 3, locate the point 
2 units right from x = 3. A ' would be at (5, 1). 
Vertex B is 1 unit left from  x = 3, locate the point 1
unit right from x = 3. B' would be at (4, –2). 
Vertex C is 4 units right from x = 3, locate the point
4 units left from x = 3. C' would be at (–1, 2). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

Graph each figure and its image under the given
reflection. 

7.  with vertices X(0, 4), Y(–3, 4), and Z(–4, –1) 
in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 
X(0, 4) → X'(0, 4) 
Y(–3, 4) → Y'(3, 4) 
Z(–4, –1) →Z'(4, –1) 
  
Plot the points. Then connect the vertices, X ', Y', 
and Z' to form the reflected image. 
  

 

ANSWER:  

 

8.  QRST with vertices Q(–1, 4), R(4, 4), S(3, 1), and
T(–2, 1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

Q(–1, 4) → Q'(–1, –4) 

R(4, 4) → R'(4, –4) 

S(3, 1) →S'(3, –1) 

T(–2, 1) →T'(–2, –1) 
  
Plot the points. Then connect the vertices, Q', R', S',
and T' to form the reflected image. 
  

 

ANSWER:  

 

9. Given quadrilaterals J(–3, 1), K(–1, 3), L(1, 3), and M
(–3, –1) and its image J'(1, –3), K'(3, –1), L'(3, 1), 
and M'(–1, –3), describe the transformation using 
coordinate notation.  

SOLUTION:  
Plot the points for the preimage and the image. 
  

 
The transformation sends each vertex as follows.
  
J(–3, 1) →  J'(1, –3) 

K(–1, 3) →  K'(3, –1) 

L(1, 3) → L'(3, 1) 

M(–3, –1)  → M'(–1, –3) 
  
That means that (x, y ) → (y , x). 
  
This is the result of a reflection over the y = x .  

ANSWER:  
(x, y ) → (y , x); reflection in the y = x .  

TOOLS Copy the figure and the given line of 
reflection. Then draw the reflected image in this
line using a ruler. 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point X  to the 
line k. Then locate X ' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect the vertices, X ', Y', and Z' to form the 
reflected image.  

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line s. 
Step 2: Measure the distance from point J to the 
line s. Then locate J' the same distance from line s 
on the opposite side.  
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect the vertices J', K', L', and M' to 
form the reflected image.  

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line c. 
Step 2: Measure the distance from point E to the 
line c. Then locate E' the same distance from line c 
on the opposite side.  
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect the vertices, E', F', G' and H' to 
form the reflected image.  

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line t. 
Step 2: Measure the distance from point A  to the 
line t. Then locate A ' the same distance from line t 
on the opposite side.  
Step 3: Repeat Step 2 to locate points B', C' and 
D'. Then connect the vertices, A ', B', C' and D' to 
form the reflected image.  

 

ANSWER:  

 

14.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line w. 
Step 2: Measure the distance from point P to the 
line w. Then locate P' the same distance from line w
on the opposite side.  
Step 3: Repeat Step 2 to locate points Q', R', S', 
T,' and U'. Then connect the vertices P', Q', R', S', 
T', and U' to form the reflected image.  

 

ANSWER:  

 

15.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point V to the 
line f . Then locate V' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect the vertices, V', W', X ', Y' and
Z' to form the reflected image.  

 

ANSWER:  

 

SPORTS When a ball is rolled or struck without
spin against a wall, it bounces off the wall and 
travels in a ray that is the reflected image of the
path of the ball if it had gone straight through 
the wall. Use this information in Exercises 16 
and 17. 

 
16. BILLIARDS Tadeo is playing billiards. He wants to

strike the eight ball with the cue ball so that the eight 
ball bounces off the rail and rolls into the indicated 
pocket. If the eight ball moves with no spin, draw a 
diagram showing the exact point P along the right rail
where the eight ball should hit after being struck by 
the cue ball. 

 

SOLUTION:  
We want to determine where the 8 ball should hit the
rail so that it goes into the side pocket. To do this, we
will need to locate a point P on the rail of the table 
such that P is collinear with the side pocket and the 
reflection of the 8 ball.  
  
Step 1: Locate the reflection of the 8 ball. The rail 
(red line) is equidistant from the 8 ball and the 
reflection. 

 
Step 2: Draw a line from the side pocket to the 
reflection. We now know the line along which the 8 
ball should travel in order to go into the side pocket. 

 
The intersection of the red and blue lines is the 
location of point P. The distance from P to the 8 ball 
and from P to the reflection are equal. 

 

ANSWER:  

 

17. INDOOR SOCCER Abby is playing indoor soccer,
and she wants to hit the ball to point C, but must 
avoid an opposing player at point B. She decides to 
hit the ball at point A so that it bounces off the side 
wall. Draw a diagram that shows the exact point 
along the top wall for which Abby should aim. 

 

SOLUTION:  
You are asked to locate a point P on line k such 
that cP + A'P  has the least possible value. 
 
The total distance from c to P and then from A ' to P
is least when these three points are collinear. Use 
the reflection of point A  in line k to find the location 
for point P. 
  
Draw A 'c . Locate P at the intersection of line k and
line A 'c. 
  
Compare the sum cP + A'P  for each case to verify 
that the location found for P minimizes this sum 

 

ANSWER:  

 

Graph each figure and its image in the given 
line. 

 

 

 
18.  y  = 3 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line y  =
3. 
  
Draw y  = 3. 
  
Vertex A is 5 units up from y  = 3, locate the point 5
units down from y  = 3. A ' would be (–5, –2). 
Vertex B is 2 units up from the y  = 3,  locate the 
point 2 units down from y  = 3. B' would be (–1, 1). 
Vertex C is 3 units down from y  = 3, locate the 
point 3 units up from y  = 3. C' would be (–4, 6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

19.  x = –1 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line x =
–1. 
  
Draw x = –1. 
  
Vertex A is 4 units left from x = –1, locate the point
4 units right from x = –1. A ' would be (3, 8). 
Vertex B is on the line x = –1,  so B' would be (–1, 
5). 
Vertex C is 3 units left from x = –1, locate the point
3 units right from x = –1. C' would be (2, 0). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

20. JKLM; x = 1 

SOLUTION:  
J is (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line x = 1. 
  
Draw the line x = 1. 
  
Vertex J is at 2 units right from x = 1, locate the 
point 2 units left from x = 1. J' would be (–1, 8). 
Vertex K is 5 units right from x = 1, locate the point
5 units left from x = 1. K' would be (–4, 8). 
Vertex L is 5 units right from x = 1, locate the point 
5 units left from x = 1. L' would be (–4, 5). 
Vertex M is on x = 1, so M' would be (1, 2). 
  
Then connect the vertices, J', K', L', and M' to form
the reflected image. 

 

ANSWER:  

 

21. JKLM; y  = 4 

SOLUTION:  
J is at (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line y  = 4. 
  
Draw the line y  = 4. 
  
Vertex J is 4 units up from y  = 4, locate the point 4 
units down from y  = 4. J' would be (3, 0). 
Vertex K is 4 units up from y  = 4, locate the point 4
units down from y  = 4. K' would be (6, 0). 
Vertex L is 1 unit up from y  = 4, locate the point 1 
unit down from y  = 4. L' would be (6, 3). 
Vertex M is 2 units down from y  = 4, locate the 
point 2 units up from y  = 4. M' would be (1, 6). 
  
Then connect the vertices J', K', L', and M' to form 
the reflected image. 

 

ANSWER:  

 

22. WXYZ; y  = –4 

SOLUTION:  
W is at (–2, –2), X  is at (6, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line y  = –4. 
  
Draw the line y  = –4. 
  
Vertex W is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. W' would be (–2, –6). 
Vertex X is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. X ' would be (6, –6). 
Vertex Y is 1 unit down from y  = –4, locate the 
point 1 unit up from y  = –4. Y' would be (4, –3). 
Vertex Z is 3 units down from y  = –4, locate the 
point 3 units up from y  = –4. Z' would be (0, –1). 
  
Then connect the vertices W', X ', Y', and Z' to form 
the reflected image. 
  

 

ANSWER:  

 

23. WXYZ; x = –2 

SOLUTION:  
W is at (–2, –2), X  is at (5, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line x = –2. 
  
Draw the line x = –2. 
  
Vertex W is on x = –2, so W' would be (–2, –2). 
Vertex X is 7 units right from x = –2, locate the 
point 7 units left from x = –2. X ' would be (–9, –2).
Vertex Y is 6 units right from x = –2, locate the 
point 6 units left from x = –2. Y' would be (–8, –5). 
Vertex Z is 2 units right from x = –2, locate the 
point 2 units left from x = –2. Z' would be (–4, –7).
  
Then connect the vertices, W', X ', Y', and Z' to form
the reflected image. 
  

 

ANSWER:  

 

STRUCTURE  Graph each figure and its image 
under the given reflection. 

24. rectangle ABCD with vertices A(–5, 2), B(1, 2), C(1, 
–1), and D(–5, –1) in the line y  = –2 

SOLUTION:  
To reflect over the line  y  = –2, subtract from the y -
coordinate the distance from the y  = –2 line.  
  
(x, y ) → (x, y – distance from y = –2 ) 

A(–5, 2) → Distance: +4, A'(–5, –6) 

B(1, 2) → Distance: +4, B'(1, –6) 

C(1, –1) → Distance: +1, C'(1, –3), 

D(–5, –1) →Distance: +1, D'(–5, –3) 
  
Plot the points. Then connect the vertices, A ', B', 
C', and D' to form the reflected image. 

 

ANSWER:  

 

25. square JKLM  with vertices J(–4, 6), K(0, 6), L(0, 2),
and M (–4, 2) in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 

J(–4, 6) → J'(4, 6) 

K(0, 6), → K'(0, 6) 

L(0, 2) → L'(0, 2) 

M(–4, 2)  → M'(4, 2) 
  
Plot the points. Then connect the vertices, J, K', 
L',and M' to form the reflected image. 

 

ANSWER:  

 

26.  with vertices F(–3, 2), G(–4, –1), and H(–6, 
–1) in the line y  = x 

SOLUTION:  
To reflect over line y  = x, interchange the x- and  y -
coordinates.  
  
(x, y ) → (y, x)  

 F(–3, 2), →   F'(2, –3) 

G(–4, –1) → G'(–1, –4) 

H(–6, –1) → H'(–1, –6) 
  
Plot the points. Then connect the vertices, F', G', 
and H' to form the reflected image. 
  

 

ANSWER:  

 

27.  with vertices W(2, 3), X(7, 3), Y(6, –1), and 

Z(1, –1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

W(2, 3) →  W'(2, –3) 

X(7, 3) → X'(7, –3), 

Y(6, –1) → Y'(6, 1) 

Z(1, –1) →  Z'(1, 1) 
  
Plot the points. Then connect the vertices, W', X ', 
Y',and Z' to form the reflected image. 
  

 

ANSWER:  

 

Given each figure and image, describe the 
transformation using coordinate notation. 

28. P(–1, 4), Q(2, 4), R(1, –1), and S(–1, –1) and P'(1, 
4), Q'(–2, 4), R'(–1, –1), and S'(1, –1)  

SOLUTION:  
Plot the points for the figure and its image.  

 
Compare the coordinates. 
  
P(–1, 4) →  P'(1, 4) 

Q(2, 4) → Q'(–2, 4) 

R(1, –1) → R'(–1, –1) 

S(–1, –1) →  S'(1, –1) 

To get from the figure to its image each (x, y ) → (–
x, y ). 
This means a reflection in the y -axis.  

ANSWER:  
(x, y ) → (–x, y ); reflection in the y -axis 

29. S(–3, –2), T(–2, 3), and U(2, 2) and S'(–2, –3), T'(3, 
–2), and U'(2, 2) 

SOLUTION:  
Plot the points for the figure and its image.  
  

 
  
Compare the coordinates. 
  
S(–3, –2) → S'(–2 –3) 

T(–2, 3) → T'(3, –2) 

U(2, 2) → U'(2, 2) 
Each vertex is transformed by (x, y ) → (y , x). 
This is a reflection in the line y  = x, interchange the 
x- and  y -coordinates.  

ANSWER:  
(x, y ) → (y , x); reflection in the line y  = x 

Each figure shows a preimage and its reflected 
image in some line. Copy each figure and draw 
the line of reflection. 

30.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

31.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  

 

ANSWER:  

 

32.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

CONSTRUCTION To construct the reflection 
of a figure in a line using only a compass and a 
straightedge, 
you can use: 
• the construction of a line perpendicular to a 
given line through a point not on the line 
(Lesson 1-5), and 
• the construction of a segment congruent to a 
given segment (Lesson 1-2). 

 
TOOLS  Copy each figure and the given line of 
reflection. Then construct the reflected image. 

33.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at B 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from B to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
A and C. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

34.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at K 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from K to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
J and L. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
  
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

35. ARCHITECTURE Refer to the photo of the 
building on page 227.  
a. Identify the line of reflection.  
b. Identify the preimage/image pairs. Assume that 
architectural features on the left-hand side of the 
picture represent the preimages. 

SOLUTION:  

a. is the line of reflection because each point to
its left matches a point to its right.  
b. A and C, D and F,  and ,  and .  

ANSWER:  

a.  

b. A and C, D and F,  and ,  and .  

ALGEBRA Graph the line y  = 2x – 3 and its 
reflected image in the given line. What is the 
equation of the reflected image? 

36. x-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the x-axis, the x-intercept will 
be the same in the reflection. Use the y-intercept to 
find a second point on the reflected line. Since the y-
intercept is –3,  the y-intercept of the reflected line 
will be 3.  
  
Use (1.5, 0) and (0, 3) to write an equation for the 
reflected line.  
  

 
  

 
  

 

ANSWER:  

 

37. y-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y-axis, the y-intercept will 
be the same in the reflection. Use the x-intercept to 
find a second point on the reflected line. Since the x-
intercept is 1.5,  the x-intercept of the reflected line 
will be –1.5.  
  
Use (–1.5, 0) and (0, –3) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

38. y  = x 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y = x line, the x- and y-
coordinates are switched. Switch the coordinates for 
the intercepts.  The y-intercept is (0, –3), so x-
intercept of the reflected line would be (–3, 0). The 
x-intercept is (1.5, 0), so y-intercept of the reflected 
line would be (0, 1.5) 
  
Use (0, 1.5) and (–3, 0) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

39. Reflect  shown below in the line y  = 3x. 

 

SOLUTION:  
Each vertex and its image will be equidistant from y  
= 3x. To estimate the placement of the images of 
each vertex, first find the equation of the lines 
perpendicular to y  = 3x that pass through each 

vertex. Each of these lines will have the slope , 

which is the negative reciprocal of the slope in y  = 
3x. 
  
Vertex C(-3, 6) 

 
Graph this line. Use a ruler to find the distance 
between C(-3, 6) and the point of intersection with 
the line of reflection. Mark C' an equal distance 
along this line. 
  
Vertex D(-1, 1) 

 
Graph this line. Use a ruler to find the distance 
between D(-1, 1) and the point of intersection with 
the line of reflection. Mark D' an equal distance 
along this line. 
  
Vertex E(3, 5) 

 
Graph this line. Use a ruler to find the distance 
between E(3, 5) and the point of intersection with 
the line of reflection. Mark E' an equal distance 
along this line. 
Connect the vertices, C', D', and E' to form the 
reflected image. 

 
  

 

ANSWER:  

 

40. Relocate vertex C so that ABCDE is convex, and all 
sides remain the same length. 

 

SOLUTION:  
If you reflect vertex C over the BD line, the figure 
would become convex.  

 

ANSWER:  

 

ALGEBRA Graph the reflection of each 
function in the given line. Then write the 
equation of the reflected image. 

41. x-axis 

 

SOLUTION:  
To reflect a point in the x-axis, multiply its y -
coordinate by –1.  
  
To reflect   in the x-axis multiply by –
1.  

 

ANSWER:  

 

42. y-axis 

 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
To reflect  over the y -axis, multiply x 
by –1. The reflected equation will then be 

. 

  
  

 

Copy the figure and the given line of reflection. 
Then draw the reflected image in this line using
a ruler. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line a. 
Step 2: Measure the distance from point C to the 
line a. Then locate C' the same distance from line a 
on the opposite side.  
Step 3: Repeat Step 2 to locate points D' and F'. 
Then connect the vertices, C', D', and F' to form 
the reflected image.  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point Q to the 
line k. Then locate Q' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points R', S' and 
T'. Then connect the vertices, Q', R', S', and T' to 
form the reflected image.  

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point W to the 
line f . Then locate W' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect the vertices, W', X ', Y' and Z' to 
form the reflected image.  
  

 

ANSWER:  

 

4. SPORTING EVENTS Toru is waiting at a café for 
a friend to bring him a ticket to a sold-out sporting 
event. At what point P along the street should the 
friend try to stop his car to minimize the distance 
Toru will have to walk from the café, to the car, and 
then to the arena entrance? Draw a diagram. 

 

SOLUTION:  
 You are asked to locate a point P on line se such 
that cP + Pe has the least possible value. 
 
The total distance from s to P and then from P to e 
is least when these three points are collinear. Use 
the reflection of point c over the road to find the 
location for point P. 
  
 Draw c'e (or se).  

 
  
Locate P at the intersection of road and line se . 

 
  
Compare the sum cP + Pe for each case to verify 
that the location found for P minimizes this sum. 

ANSWER:  
Sample answer: 

 

Graph  and its image in the given line.

 
5. y  = –2 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line y  = –2. 
  
Vertex A is 3 units up from y  = –2, locate the point 
3 units down from y  = –2. A ' would be (1, –5). 
Vertex B is on the line y  = –2, so B' would be at the
same point (2, –2). 
Vertex C is 4 units up from y  = –2, locate the point 
4 units down from y  = –2. C' would be (7, –6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  
  

 

ANSWER:  

 

6. x = 3 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line x = 3. 
  
Vertex A is 2 units left from x = 3, locate the point 
2 units right from x = 3. A ' would be at (5, 1). 
Vertex B is 1 unit left from  x = 3, locate the point 1
unit right from x = 3. B' would be at (4, –2). 
Vertex C is 4 units right from x = 3, locate the point
4 units left from x = 3. C' would be at (–1, 2). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

Graph each figure and its image under the given
reflection. 

7.  with vertices X(0, 4), Y(–3, 4), and Z(–4, –1) 
in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 
X(0, 4) → X'(0, 4) 
Y(–3, 4) → Y'(3, 4) 
Z(–4, –1) →Z'(4, –1) 
  
Plot the points. Then connect the vertices, X ', Y', 
and Z' to form the reflected image. 
  

 

ANSWER:  

 

8.  QRST with vertices Q(–1, 4), R(4, 4), S(3, 1), and
T(–2, 1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

Q(–1, 4) → Q'(–1, –4) 

R(4, 4) → R'(4, –4) 

S(3, 1) →S'(3, –1) 

T(–2, 1) →T'(–2, –1) 
  
Plot the points. Then connect the vertices, Q', R', S',
and T' to form the reflected image. 
  

 

ANSWER:  

 

9. Given quadrilaterals J(–3, 1), K(–1, 3), L(1, 3), and M
(–3, –1) and its image J'(1, –3), K'(3, –1), L'(3, 1), 
and M'(–1, –3), describe the transformation using 
coordinate notation.  

SOLUTION:  
Plot the points for the preimage and the image. 
  

 
The transformation sends each vertex as follows.
  
J(–3, 1) →  J'(1, –3) 

K(–1, 3) →  K'(3, –1) 

L(1, 3) → L'(3, 1) 

M(–3, –1)  → M'(–1, –3) 
  
That means that (x, y ) → (y , x). 
  
This is the result of a reflection over the y = x .  

ANSWER:  
(x, y ) → (y , x); reflection in the y = x .  

TOOLS Copy the figure and the given line of 
reflection. Then draw the reflected image in this
line using a ruler. 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point X  to the 
line k. Then locate X ' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect the vertices, X ', Y', and Z' to form the 
reflected image.  

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line s. 
Step 2: Measure the distance from point J to the 
line s. Then locate J' the same distance from line s 
on the opposite side.  
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect the vertices J', K', L', and M' to 
form the reflected image.  

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line c. 
Step 2: Measure the distance from point E to the 
line c. Then locate E' the same distance from line c 
on the opposite side.  
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect the vertices, E', F', G' and H' to 
form the reflected image.  

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line t. 
Step 2: Measure the distance from point A  to the 
line t. Then locate A ' the same distance from line t 
on the opposite side.  
Step 3: Repeat Step 2 to locate points B', C' and 
D'. Then connect the vertices, A ', B', C' and D' to 
form the reflected image.  

 

ANSWER:  

 

14.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line w. 
Step 2: Measure the distance from point P to the 
line w. Then locate P' the same distance from line w
on the opposite side.  
Step 3: Repeat Step 2 to locate points Q', R', S', 
T,' and U'. Then connect the vertices P', Q', R', S', 
T', and U' to form the reflected image.  

 

ANSWER:  

 

15.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point V to the 
line f . Then locate V' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect the vertices, V', W', X ', Y' and
Z' to form the reflected image.  

 

ANSWER:  

 

SPORTS When a ball is rolled or struck without
spin against a wall, it bounces off the wall and 
travels in a ray that is the reflected image of the
path of the ball if it had gone straight through 
the wall. Use this information in Exercises 16 
and 17. 

 
16. BILLIARDS Tadeo is playing billiards. He wants to

strike the eight ball with the cue ball so that the eight 
ball bounces off the rail and rolls into the indicated 
pocket. If the eight ball moves with no spin, draw a 
diagram showing the exact point P along the right rail
where the eight ball should hit after being struck by 
the cue ball. 

 

SOLUTION:  
We want to determine where the 8 ball should hit the
rail so that it goes into the side pocket. To do this, we
will need to locate a point P on the rail of the table 
such that P is collinear with the side pocket and the 
reflection of the 8 ball.  
  
Step 1: Locate the reflection of the 8 ball. The rail 
(red line) is equidistant from the 8 ball and the 
reflection. 

 
Step 2: Draw a line from the side pocket to the 
reflection. We now know the line along which the 8 
ball should travel in order to go into the side pocket. 

 
The intersection of the red and blue lines is the 
location of point P. The distance from P to the 8 ball 
and from P to the reflection are equal. 

 

ANSWER:  

 

17. INDOOR SOCCER Abby is playing indoor soccer,
and she wants to hit the ball to point C, but must 
avoid an opposing player at point B. She decides to 
hit the ball at point A so that it bounces off the side 
wall. Draw a diagram that shows the exact point 
along the top wall for which Abby should aim. 

 

SOLUTION:  
You are asked to locate a point P on line k such 
that cP + A'P  has the least possible value. 
 
The total distance from c to P and then from A ' to P
is least when these three points are collinear. Use 
the reflection of point A  in line k to find the location 
for point P. 
  
Draw A 'c . Locate P at the intersection of line k and
line A 'c. 
  
Compare the sum cP + A'P  for each case to verify 
that the location found for P minimizes this sum 

 

ANSWER:  

 

Graph each figure and its image in the given 
line. 

 

 

 
18.  y  = 3 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line y  =
3. 
  
Draw y  = 3. 
  
Vertex A is 5 units up from y  = 3, locate the point 5
units down from y  = 3. A ' would be (–5, –2). 
Vertex B is 2 units up from the y  = 3,  locate the 
point 2 units down from y  = 3. B' would be (–1, 1). 
Vertex C is 3 units down from y  = 3, locate the 
point 3 units up from y  = 3. C' would be (–4, 6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

19.  x = –1 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line x =
–1. 
  
Draw x = –1. 
  
Vertex A is 4 units left from x = –1, locate the point
4 units right from x = –1. A ' would be (3, 8). 
Vertex B is on the line x = –1,  so B' would be (–1, 
5). 
Vertex C is 3 units left from x = –1, locate the point
3 units right from x = –1. C' would be (2, 0). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

20. JKLM; x = 1 

SOLUTION:  
J is (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line x = 1. 
  
Draw the line x = 1. 
  
Vertex J is at 2 units right from x = 1, locate the 
point 2 units left from x = 1. J' would be (–1, 8). 
Vertex K is 5 units right from x = 1, locate the point
5 units left from x = 1. K' would be (–4, 8). 
Vertex L is 5 units right from x = 1, locate the point 
5 units left from x = 1. L' would be (–4, 5). 
Vertex M is on x = 1, so M' would be (1, 2). 
  
Then connect the vertices, J', K', L', and M' to form
the reflected image. 

 

ANSWER:  

 

21. JKLM; y  = 4 

SOLUTION:  
J is at (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line y  = 4. 
  
Draw the line y  = 4. 
  
Vertex J is 4 units up from y  = 4, locate the point 4 
units down from y  = 4. J' would be (3, 0). 
Vertex K is 4 units up from y  = 4, locate the point 4
units down from y  = 4. K' would be (6, 0). 
Vertex L is 1 unit up from y  = 4, locate the point 1 
unit down from y  = 4. L' would be (6, 3). 
Vertex M is 2 units down from y  = 4, locate the 
point 2 units up from y  = 4. M' would be (1, 6). 
  
Then connect the vertices J', K', L', and M' to form 
the reflected image. 

 

ANSWER:  

 

22. WXYZ; y  = –4 

SOLUTION:  
W is at (–2, –2), X  is at (6, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line y  = –4. 
  
Draw the line y  = –4. 
  
Vertex W is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. W' would be (–2, –6). 
Vertex X is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. X ' would be (6, –6). 
Vertex Y is 1 unit down from y  = –4, locate the 
point 1 unit up from y  = –4. Y' would be (4, –3). 
Vertex Z is 3 units down from y  = –4, locate the 
point 3 units up from y  = –4. Z' would be (0, –1). 
  
Then connect the vertices W', X ', Y', and Z' to form 
the reflected image. 
  

 

ANSWER:  

 

23. WXYZ; x = –2 

SOLUTION:  
W is at (–2, –2), X  is at (5, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line x = –2. 
  
Draw the line x = –2. 
  
Vertex W is on x = –2, so W' would be (–2, –2). 
Vertex X is 7 units right from x = –2, locate the 
point 7 units left from x = –2. X ' would be (–9, –2).
Vertex Y is 6 units right from x = –2, locate the 
point 6 units left from x = –2. Y' would be (–8, –5). 
Vertex Z is 2 units right from x = –2, locate the 
point 2 units left from x = –2. Z' would be (–4, –7).
  
Then connect the vertices, W', X ', Y', and Z' to form
the reflected image. 
  

 

ANSWER:  

 

STRUCTURE  Graph each figure and its image 
under the given reflection. 

24. rectangle ABCD with vertices A(–5, 2), B(1, 2), C(1, 
–1), and D(–5, –1) in the line y  = –2 

SOLUTION:  
To reflect over the line  y  = –2, subtract from the y -
coordinate the distance from the y  = –2 line.  
  
(x, y ) → (x, y – distance from y = –2 ) 

A(–5, 2) → Distance: +4, A'(–5, –6) 

B(1, 2) → Distance: +4, B'(1, –6) 

C(1, –1) → Distance: +1, C'(1, –3), 

D(–5, –1) →Distance: +1, D'(–5, –3) 
  
Plot the points. Then connect the vertices, A ', B', 
C', and D' to form the reflected image. 

 

ANSWER:  

 

25. square JKLM  with vertices J(–4, 6), K(0, 6), L(0, 2),
and M (–4, 2) in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 

J(–4, 6) → J'(4, 6) 

K(0, 6), → K'(0, 6) 

L(0, 2) → L'(0, 2) 

M(–4, 2)  → M'(4, 2) 
  
Plot the points. Then connect the vertices, J, K', 
L',and M' to form the reflected image. 

 

ANSWER:  

 

26.  with vertices F(–3, 2), G(–4, –1), and H(–6, 
–1) in the line y  = x 

SOLUTION:  
To reflect over line y  = x, interchange the x- and  y -
coordinates.  
  
(x, y ) → (y, x)  

 F(–3, 2), →   F'(2, –3) 

G(–4, –1) → G'(–1, –4) 

H(–6, –1) → H'(–1, –6) 
  
Plot the points. Then connect the vertices, F', G', 
and H' to form the reflected image. 
  

 

ANSWER:  

 

27.  with vertices W(2, 3), X(7, 3), Y(6, –1), and 

Z(1, –1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

W(2, 3) →  W'(2, –3) 

X(7, 3) → X'(7, –3), 

Y(6, –1) → Y'(6, 1) 

Z(1, –1) →  Z'(1, 1) 
  
Plot the points. Then connect the vertices, W', X ', 
Y',and Z' to form the reflected image. 
  

 

ANSWER:  

 

Given each figure and image, describe the 
transformation using coordinate notation. 

28. P(–1, 4), Q(2, 4), R(1, –1), and S(–1, –1) and P'(1, 
4), Q'(–2, 4), R'(–1, –1), and S'(1, –1)  

SOLUTION:  
Plot the points for the figure and its image.  

 
Compare the coordinates. 
  
P(–1, 4) →  P'(1, 4) 

Q(2, 4) → Q'(–2, 4) 

R(1, –1) → R'(–1, –1) 

S(–1, –1) →  S'(1, –1) 

To get from the figure to its image each (x, y ) → (–
x, y ). 
This means a reflection in the y -axis.  

ANSWER:  
(x, y ) → (–x, y ); reflection in the y -axis 

29. S(–3, –2), T(–2, 3), and U(2, 2) and S'(–2, –3), T'(3, 
–2), and U'(2, 2) 

SOLUTION:  
Plot the points for the figure and its image.  
  

 
  
Compare the coordinates. 
  
S(–3, –2) → S'(–2 –3) 

T(–2, 3) → T'(3, –2) 

U(2, 2) → U'(2, 2) 
Each vertex is transformed by (x, y ) → (y , x). 
This is a reflection in the line y  = x, interchange the 
x- and  y -coordinates.  

ANSWER:  
(x, y ) → (y , x); reflection in the line y  = x 

Each figure shows a preimage and its reflected 
image in some line. Copy each figure and draw 
the line of reflection. 

30.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

31.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  

 

ANSWER:  

 

32.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

CONSTRUCTION To construct the reflection 
of a figure in a line using only a compass and a 
straightedge, 
you can use: 
• the construction of a line perpendicular to a 
given line through a point not on the line 
(Lesson 1-5), and 
• the construction of a segment congruent to a 
given segment (Lesson 1-2). 

 
TOOLS  Copy each figure and the given line of 
reflection. Then construct the reflected image. 

33.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at B 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from B to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
A and C. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

34.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at K 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from K to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
J and L. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
  
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

35. ARCHITECTURE Refer to the photo of the 
building on page 227.  
a. Identify the line of reflection.  
b. Identify the preimage/image pairs. Assume that 
architectural features on the left-hand side of the 
picture represent the preimages. 

SOLUTION:  

a. is the line of reflection because each point to
its left matches a point to its right.  
b. A and C, D and F,  and ,  and .  

ANSWER:  

a.  

b. A and C, D and F,  and ,  and .  

ALGEBRA Graph the line y  = 2x – 3 and its 
reflected image in the given line. What is the 
equation of the reflected image? 

36. x-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the x-axis, the x-intercept will 
be the same in the reflection. Use the y-intercept to 
find a second point on the reflected line. Since the y-
intercept is –3,  the y-intercept of the reflected line 
will be 3.  
  
Use (1.5, 0) and (0, 3) to write an equation for the 
reflected line.  
  

 
  

 
  

 

ANSWER:  

 

37. y-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y-axis, the y-intercept will 
be the same in the reflection. Use the x-intercept to 
find a second point on the reflected line. Since the x-
intercept is 1.5,  the x-intercept of the reflected line 
will be –1.5.  
  
Use (–1.5, 0) and (0, –3) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

38. y  = x 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y = x line, the x- and y-
coordinates are switched. Switch the coordinates for 
the intercepts.  The y-intercept is (0, –3), so x-
intercept of the reflected line would be (–3, 0). The 
x-intercept is (1.5, 0), so y-intercept of the reflected 
line would be (0, 1.5) 
  
Use (0, 1.5) and (–3, 0) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

39. Reflect  shown below in the line y  = 3x. 

 

SOLUTION:  
Each vertex and its image will be equidistant from y  
= 3x. To estimate the placement of the images of 
each vertex, first find the equation of the lines 
perpendicular to y  = 3x that pass through each 

vertex. Each of these lines will have the slope , 

which is the negative reciprocal of the slope in y  = 
3x. 
  
Vertex C(-3, 6) 

 
Graph this line. Use a ruler to find the distance 
between C(-3, 6) and the point of intersection with 
the line of reflection. Mark C' an equal distance 
along this line. 
  
Vertex D(-1, 1) 

 
Graph this line. Use a ruler to find the distance 
between D(-1, 1) and the point of intersection with 
the line of reflection. Mark D' an equal distance 
along this line. 
  
Vertex E(3, 5) 

 
Graph this line. Use a ruler to find the distance 
between E(3, 5) and the point of intersection with 
the line of reflection. Mark E' an equal distance 
along this line. 
Connect the vertices, C', D', and E' to form the 
reflected image. 

 
  

 

ANSWER:  

 

40. Relocate vertex C so that ABCDE is convex, and all 
sides remain the same length. 

 

SOLUTION:  
If you reflect vertex C over the BD line, the figure 
would become convex.  

 

ANSWER:  

 

ALGEBRA Graph the reflection of each 
function in the given line. Then write the 
equation of the reflected image. 

41. x-axis 

 

SOLUTION:  
To reflect a point in the x-axis, multiply its y -
coordinate by –1.  
  
To reflect   in the x-axis multiply by –
1.  

 

ANSWER:  

 

42. y-axis 

 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
To reflect  over the y -axis, multiply x 
by –1. The reflected equation will then be 

. 
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Copy the figure and the given line of reflection. 
Then draw the reflected image in this line using
a ruler. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line a. 
Step 2: Measure the distance from point C to the 
line a. Then locate C' the same distance from line a 
on the opposite side.  
Step 3: Repeat Step 2 to locate points D' and F'. 
Then connect the vertices, C', D', and F' to form 
the reflected image.  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point Q to the 
line k. Then locate Q' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points R', S' and 
T'. Then connect the vertices, Q', R', S', and T' to 
form the reflected image.  

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point W to the 
line f . Then locate W' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect the vertices, W', X ', Y' and Z' to 
form the reflected image.  
  

 

ANSWER:  

 

4. SPORTING EVENTS Toru is waiting at a café for 
a friend to bring him a ticket to a sold-out sporting 
event. At what point P along the street should the 
friend try to stop his car to minimize the distance 
Toru will have to walk from the café, to the car, and 
then to the arena entrance? Draw a diagram. 

 

SOLUTION:  
 You are asked to locate a point P on line se such 
that cP + Pe has the least possible value. 
 
The total distance from s to P and then from P to e 
is least when these three points are collinear. Use 
the reflection of point c over the road to find the 
location for point P. 
  
 Draw c'e (or se).  

 
  
Locate P at the intersection of road and line se . 

 
  
Compare the sum cP + Pe for each case to verify 
that the location found for P minimizes this sum. 

ANSWER:  
Sample answer: 

 

Graph  and its image in the given line.

 
5. y  = –2 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line y  = –2. 
  
Vertex A is 3 units up from y  = –2, locate the point 
3 units down from y  = –2. A ' would be (1, –5). 
Vertex B is on the line y  = –2, so B' would be at the
same point (2, –2). 
Vertex C is 4 units up from y  = –2, locate the point 
4 units down from y  = –2. C' would be (7, –6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  
  

 

ANSWER:  

 

6. x = 3 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line x = 3. 
  
Vertex A is 2 units left from x = 3, locate the point 
2 units right from x = 3. A ' would be at (5, 1). 
Vertex B is 1 unit left from  x = 3, locate the point 1
unit right from x = 3. B' would be at (4, –2). 
Vertex C is 4 units right from x = 3, locate the point
4 units left from x = 3. C' would be at (–1, 2). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

Graph each figure and its image under the given
reflection. 

7.  with vertices X(0, 4), Y(–3, 4), and Z(–4, –1) 
in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 
X(0, 4) → X'(0, 4) 
Y(–3, 4) → Y'(3, 4) 
Z(–4, –1) →Z'(4, –1) 
  
Plot the points. Then connect the vertices, X ', Y', 
and Z' to form the reflected image. 
  

 

ANSWER:  

 

8.  QRST with vertices Q(–1, 4), R(4, 4), S(3, 1), and
T(–2, 1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

Q(–1, 4) → Q'(–1, –4) 

R(4, 4) → R'(4, –4) 

S(3, 1) →S'(3, –1) 

T(–2, 1) →T'(–2, –1) 
  
Plot the points. Then connect the vertices, Q', R', S',
and T' to form the reflected image. 
  

 

ANSWER:  

 

9. Given quadrilaterals J(–3, 1), K(–1, 3), L(1, 3), and M
(–3, –1) and its image J'(1, –3), K'(3, –1), L'(3, 1), 
and M'(–1, –3), describe the transformation using 
coordinate notation.  

SOLUTION:  
Plot the points for the preimage and the image. 
  

 
The transformation sends each vertex as follows.
  
J(–3, 1) →  J'(1, –3) 

K(–1, 3) →  K'(3, –1) 

L(1, 3) → L'(3, 1) 

M(–3, –1)  → M'(–1, –3) 
  
That means that (x, y ) → (y , x). 
  
This is the result of a reflection over the y = x .  

ANSWER:  
(x, y ) → (y , x); reflection in the y = x .  

TOOLS Copy the figure and the given line of 
reflection. Then draw the reflected image in this
line using a ruler. 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point X  to the 
line k. Then locate X ' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect the vertices, X ', Y', and Z' to form the 
reflected image.  

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line s. 
Step 2: Measure the distance from point J to the 
line s. Then locate J' the same distance from line s 
on the opposite side.  
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect the vertices J', K', L', and M' to 
form the reflected image.  

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line c. 
Step 2: Measure the distance from point E to the 
line c. Then locate E' the same distance from line c 
on the opposite side.  
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect the vertices, E', F', G' and H' to 
form the reflected image.  

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line t. 
Step 2: Measure the distance from point A  to the 
line t. Then locate A ' the same distance from line t 
on the opposite side.  
Step 3: Repeat Step 2 to locate points B', C' and 
D'. Then connect the vertices, A ', B', C' and D' to 
form the reflected image.  

 

ANSWER:  

 

14.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line w. 
Step 2: Measure the distance from point P to the 
line w. Then locate P' the same distance from line w
on the opposite side.  
Step 3: Repeat Step 2 to locate points Q', R', S', 
T,' and U'. Then connect the vertices P', Q', R', S', 
T', and U' to form the reflected image.  

 

ANSWER:  

 

15.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point V to the 
line f . Then locate V' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect the vertices, V', W', X ', Y' and
Z' to form the reflected image.  

 

ANSWER:  

 

SPORTS When a ball is rolled or struck without
spin against a wall, it bounces off the wall and 
travels in a ray that is the reflected image of the
path of the ball if it had gone straight through 
the wall. Use this information in Exercises 16 
and 17. 

 
16. BILLIARDS Tadeo is playing billiards. He wants to

strike the eight ball with the cue ball so that the eight 
ball bounces off the rail and rolls into the indicated 
pocket. If the eight ball moves with no spin, draw a 
diagram showing the exact point P along the right rail
where the eight ball should hit after being struck by 
the cue ball. 

 

SOLUTION:  
We want to determine where the 8 ball should hit the
rail so that it goes into the side pocket. To do this, we
will need to locate a point P on the rail of the table 
such that P is collinear with the side pocket and the 
reflection of the 8 ball.  
  
Step 1: Locate the reflection of the 8 ball. The rail 
(red line) is equidistant from the 8 ball and the 
reflection. 

 
Step 2: Draw a line from the side pocket to the 
reflection. We now know the line along which the 8 
ball should travel in order to go into the side pocket. 

 
The intersection of the red and blue lines is the 
location of point P. The distance from P to the 8 ball 
and from P to the reflection are equal. 

 

ANSWER:  

 

17. INDOOR SOCCER Abby is playing indoor soccer,
and she wants to hit the ball to point C, but must 
avoid an opposing player at point B. She decides to 
hit the ball at point A so that it bounces off the side 
wall. Draw a diagram that shows the exact point 
along the top wall for which Abby should aim. 

 

SOLUTION:  
You are asked to locate a point P on line k such 
that cP + A'P  has the least possible value. 
 
The total distance from c to P and then from A ' to P
is least when these three points are collinear. Use 
the reflection of point A  in line k to find the location 
for point P. 
  
Draw A 'c . Locate P at the intersection of line k and
line A 'c. 
  
Compare the sum cP + A'P  for each case to verify 
that the location found for P minimizes this sum 

 

ANSWER:  

 

Graph each figure and its image in the given 
line. 

 

 

 
18.  y  = 3 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line y  =
3. 
  
Draw y  = 3. 
  
Vertex A is 5 units up from y  = 3, locate the point 5
units down from y  = 3. A ' would be (–5, –2). 
Vertex B is 2 units up from the y  = 3,  locate the 
point 2 units down from y  = 3. B' would be (–1, 1). 
Vertex C is 3 units down from y  = 3, locate the 
point 3 units up from y  = 3. C' would be (–4, 6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

19.  x = –1 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line x =
–1. 
  
Draw x = –1. 
  
Vertex A is 4 units left from x = –1, locate the point
4 units right from x = –1. A ' would be (3, 8). 
Vertex B is on the line x = –1,  so B' would be (–1, 
5). 
Vertex C is 3 units left from x = –1, locate the point
3 units right from x = –1. C' would be (2, 0). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

20. JKLM; x = 1 

SOLUTION:  
J is (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line x = 1. 
  
Draw the line x = 1. 
  
Vertex J is at 2 units right from x = 1, locate the 
point 2 units left from x = 1. J' would be (–1, 8). 
Vertex K is 5 units right from x = 1, locate the point
5 units left from x = 1. K' would be (–4, 8). 
Vertex L is 5 units right from x = 1, locate the point 
5 units left from x = 1. L' would be (–4, 5). 
Vertex M is on x = 1, so M' would be (1, 2). 
  
Then connect the vertices, J', K', L', and M' to form
the reflected image. 

 

ANSWER:  

 

21. JKLM; y  = 4 

SOLUTION:  
J is at (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line y  = 4. 
  
Draw the line y  = 4. 
  
Vertex J is 4 units up from y  = 4, locate the point 4 
units down from y  = 4. J' would be (3, 0). 
Vertex K is 4 units up from y  = 4, locate the point 4
units down from y  = 4. K' would be (6, 0). 
Vertex L is 1 unit up from y  = 4, locate the point 1 
unit down from y  = 4. L' would be (6, 3). 
Vertex M is 2 units down from y  = 4, locate the 
point 2 units up from y  = 4. M' would be (1, 6). 
  
Then connect the vertices J', K', L', and M' to form 
the reflected image. 

 

ANSWER:  

 

22. WXYZ; y  = –4 

SOLUTION:  
W is at (–2, –2), X  is at (6, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line y  = –4. 
  
Draw the line y  = –4. 
  
Vertex W is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. W' would be (–2, –6). 
Vertex X is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. X ' would be (6, –6). 
Vertex Y is 1 unit down from y  = –4, locate the 
point 1 unit up from y  = –4. Y' would be (4, –3). 
Vertex Z is 3 units down from y  = –4, locate the 
point 3 units up from y  = –4. Z' would be (0, –1). 
  
Then connect the vertices W', X ', Y', and Z' to form 
the reflected image. 
  

 

ANSWER:  

 

23. WXYZ; x = –2 

SOLUTION:  
W is at (–2, –2), X  is at (5, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line x = –2. 
  
Draw the line x = –2. 
  
Vertex W is on x = –2, so W' would be (–2, –2). 
Vertex X is 7 units right from x = –2, locate the 
point 7 units left from x = –2. X ' would be (–9, –2).
Vertex Y is 6 units right from x = –2, locate the 
point 6 units left from x = –2. Y' would be (–8, –5). 
Vertex Z is 2 units right from x = –2, locate the 
point 2 units left from x = –2. Z' would be (–4, –7).
  
Then connect the vertices, W', X ', Y', and Z' to form
the reflected image. 
  

 

ANSWER:  

 

STRUCTURE  Graph each figure and its image 
under the given reflection. 

24. rectangle ABCD with vertices A(–5, 2), B(1, 2), C(1, 
–1), and D(–5, –1) in the line y  = –2 

SOLUTION:  
To reflect over the line  y  = –2, subtract from the y -
coordinate the distance from the y  = –2 line.  
  
(x, y ) → (x, y – distance from y = –2 ) 

A(–5, 2) → Distance: +4, A'(–5, –6) 

B(1, 2) → Distance: +4, B'(1, –6) 

C(1, –1) → Distance: +1, C'(1, –3), 

D(–5, –1) →Distance: +1, D'(–5, –3) 
  
Plot the points. Then connect the vertices, A ', B', 
C', and D' to form the reflected image. 

 

ANSWER:  

 

25. square JKLM  with vertices J(–4, 6), K(0, 6), L(0, 2),
and M (–4, 2) in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 

J(–4, 6) → J'(4, 6) 

K(0, 6), → K'(0, 6) 

L(0, 2) → L'(0, 2) 

M(–4, 2)  → M'(4, 2) 
  
Plot the points. Then connect the vertices, J, K', 
L',and M' to form the reflected image. 

 

ANSWER:  

 

26.  with vertices F(–3, 2), G(–4, –1), and H(–6, 
–1) in the line y  = x 

SOLUTION:  
To reflect over line y  = x, interchange the x- and  y -
coordinates.  
  
(x, y ) → (y, x)  

 F(–3, 2), →   F'(2, –3) 

G(–4, –1) → G'(–1, –4) 

H(–6, –1) → H'(–1, –6) 
  
Plot the points. Then connect the vertices, F', G', 
and H' to form the reflected image. 
  

 

ANSWER:  

 

27.  with vertices W(2, 3), X(7, 3), Y(6, –1), and 

Z(1, –1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

W(2, 3) →  W'(2, –3) 

X(7, 3) → X'(7, –3), 

Y(6, –1) → Y'(6, 1) 

Z(1, –1) →  Z'(1, 1) 
  
Plot the points. Then connect the vertices, W', X ', 
Y',and Z' to form the reflected image. 
  

 

ANSWER:  

 

Given each figure and image, describe the 
transformation using coordinate notation. 

28. P(–1, 4), Q(2, 4), R(1, –1), and S(–1, –1) and P'(1, 
4), Q'(–2, 4), R'(–1, –1), and S'(1, –1)  

SOLUTION:  
Plot the points for the figure and its image.  

 
Compare the coordinates. 
  
P(–1, 4) →  P'(1, 4) 

Q(2, 4) → Q'(–2, 4) 

R(1, –1) → R'(–1, –1) 

S(–1, –1) →  S'(1, –1) 

To get from the figure to its image each (x, y ) → (–
x, y ). 
This means a reflection in the y -axis.  

ANSWER:  
(x, y ) → (–x, y ); reflection in the y -axis 

29. S(–3, –2), T(–2, 3), and U(2, 2) and S'(–2, –3), T'(3, 
–2), and U'(2, 2) 

SOLUTION:  
Plot the points for the figure and its image.  
  

 
  
Compare the coordinates. 
  
S(–3, –2) → S'(–2 –3) 

T(–2, 3) → T'(3, –2) 

U(2, 2) → U'(2, 2) 
Each vertex is transformed by (x, y ) → (y , x). 
This is a reflection in the line y  = x, interchange the 
x- and  y -coordinates.  

ANSWER:  
(x, y ) → (y , x); reflection in the line y  = x 

Each figure shows a preimage and its reflected 
image in some line. Copy each figure and draw 
the line of reflection. 

30.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

31.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  

 

ANSWER:  

 

32.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

CONSTRUCTION To construct the reflection 
of a figure in a line using only a compass and a 
straightedge, 
you can use: 
• the construction of a line perpendicular to a 
given line through a point not on the line 
(Lesson 1-5), and 
• the construction of a segment congruent to a 
given segment (Lesson 1-2). 

 
TOOLS  Copy each figure and the given line of 
reflection. Then construct the reflected image. 

33.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at B 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from B to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
A and C. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

34.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at K 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from K to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
J and L. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
  
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

35. ARCHITECTURE Refer to the photo of the 
building on page 227.  
a. Identify the line of reflection.  
b. Identify the preimage/image pairs. Assume that 
architectural features on the left-hand side of the 
picture represent the preimages. 

SOLUTION:  

a. is the line of reflection because each point to
its left matches a point to its right.  
b. A and C, D and F,  and ,  and .  

ANSWER:  

a.  

b. A and C, D and F,  and ,  and .  

ALGEBRA Graph the line y  = 2x – 3 and its 
reflected image in the given line. What is the 
equation of the reflected image? 

36. x-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the x-axis, the x-intercept will 
be the same in the reflection. Use the y-intercept to 
find a second point on the reflected line. Since the y-
intercept is –3,  the y-intercept of the reflected line 
will be 3.  
  
Use (1.5, 0) and (0, 3) to write an equation for the 
reflected line.  
  

 
  

 
  

 

ANSWER:  

 

37. y-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y-axis, the y-intercept will 
be the same in the reflection. Use the x-intercept to 
find a second point on the reflected line. Since the x-
intercept is 1.5,  the x-intercept of the reflected line 
will be –1.5.  
  
Use (–1.5, 0) and (0, –3) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

38. y  = x 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y = x line, the x- and y-
coordinates are switched. Switch the coordinates for 
the intercepts.  The y-intercept is (0, –3), so x-
intercept of the reflected line would be (–3, 0). The 
x-intercept is (1.5, 0), so y-intercept of the reflected 
line would be (0, 1.5) 
  
Use (0, 1.5) and (–3, 0) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

39. Reflect  shown below in the line y  = 3x. 

 

SOLUTION:  
Each vertex and its image will be equidistant from y  
= 3x. To estimate the placement of the images of 
each vertex, first find the equation of the lines 
perpendicular to y  = 3x that pass through each 

vertex. Each of these lines will have the slope , 

which is the negative reciprocal of the slope in y  = 
3x. 
  
Vertex C(-3, 6) 

 
Graph this line. Use a ruler to find the distance 
between C(-3, 6) and the point of intersection with 
the line of reflection. Mark C' an equal distance 
along this line. 
  
Vertex D(-1, 1) 

 
Graph this line. Use a ruler to find the distance 
between D(-1, 1) and the point of intersection with 
the line of reflection. Mark D' an equal distance 
along this line. 
  
Vertex E(3, 5) 

 
Graph this line. Use a ruler to find the distance 
between E(3, 5) and the point of intersection with 
the line of reflection. Mark E' an equal distance 
along this line. 
Connect the vertices, C', D', and E' to form the 
reflected image. 

 
  

 

ANSWER:  

 

40. Relocate vertex C so that ABCDE is convex, and all 
sides remain the same length. 

 

SOLUTION:  
If you reflect vertex C over the BD line, the figure 
would become convex.  

 

ANSWER:  

 

ALGEBRA Graph the reflection of each 
function in the given line. Then write the 
equation of the reflected image. 

41. x-axis 

 

SOLUTION:  
To reflect a point in the x-axis, multiply its y -
coordinate by –1.  
  
To reflect   in the x-axis multiply by –
1.  

 

ANSWER:  

 

42. y-axis 

 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
To reflect  over the y -axis, multiply x 
by –1. The reflected equation will then be 

. 

  
  

 

Copy the figure and the given line of reflection. 
Then draw the reflected image in this line using
a ruler. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line a. 
Step 2: Measure the distance from point C to the 
line a. Then locate C' the same distance from line a 
on the opposite side.  
Step 3: Repeat Step 2 to locate points D' and F'. 
Then connect the vertices, C', D', and F' to form 
the reflected image.  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point Q to the 
line k. Then locate Q' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points R', S' and 
T'. Then connect the vertices, Q', R', S', and T' to 
form the reflected image.  

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point W to the 
line f . Then locate W' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect the vertices, W', X ', Y' and Z' to 
form the reflected image.  
  

 

ANSWER:  

 

4. SPORTING EVENTS Toru is waiting at a café for 
a friend to bring him a ticket to a sold-out sporting 
event. At what point P along the street should the 
friend try to stop his car to minimize the distance 
Toru will have to walk from the café, to the car, and 
then to the arena entrance? Draw a diagram. 

 

SOLUTION:  
 You are asked to locate a point P on line se such 
that cP + Pe has the least possible value. 
 
The total distance from s to P and then from P to e 
is least when these three points are collinear. Use 
the reflection of point c over the road to find the 
location for point P. 
  
 Draw c'e (or se).  

 
  
Locate P at the intersection of road and line se . 

 
  
Compare the sum cP + Pe for each case to verify 
that the location found for P minimizes this sum. 

ANSWER:  
Sample answer: 

 

Graph  and its image in the given line.

 
5. y  = –2 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line y  = –2. 
  
Vertex A is 3 units up from y  = –2, locate the point 
3 units down from y  = –2. A ' would be (1, –5). 
Vertex B is on the line y  = –2, so B' would be at the
same point (2, –2). 
Vertex C is 4 units up from y  = –2, locate the point 
4 units down from y  = –2. C' would be (7, –6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  
  

 

ANSWER:  

 

6. x = 3 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line x = 3. 
  
Vertex A is 2 units left from x = 3, locate the point 
2 units right from x = 3. A ' would be at (5, 1). 
Vertex B is 1 unit left from  x = 3, locate the point 1
unit right from x = 3. B' would be at (4, –2). 
Vertex C is 4 units right from x = 3, locate the point
4 units left from x = 3. C' would be at (–1, 2). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

Graph each figure and its image under the given
reflection. 

7.  with vertices X(0, 4), Y(–3, 4), and Z(–4, –1) 
in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 
X(0, 4) → X'(0, 4) 
Y(–3, 4) → Y'(3, 4) 
Z(–4, –1) →Z'(4, –1) 
  
Plot the points. Then connect the vertices, X ', Y', 
and Z' to form the reflected image. 
  

 

ANSWER:  

 

8.  QRST with vertices Q(–1, 4), R(4, 4), S(3, 1), and
T(–2, 1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

Q(–1, 4) → Q'(–1, –4) 

R(4, 4) → R'(4, –4) 

S(3, 1) →S'(3, –1) 

T(–2, 1) →T'(–2, –1) 
  
Plot the points. Then connect the vertices, Q', R', S',
and T' to form the reflected image. 
  

 

ANSWER:  

 

9. Given quadrilaterals J(–3, 1), K(–1, 3), L(1, 3), and M
(–3, –1) and its image J'(1, –3), K'(3, –1), L'(3, 1), 
and M'(–1, –3), describe the transformation using 
coordinate notation.  

SOLUTION:  
Plot the points for the preimage and the image. 
  

 
The transformation sends each vertex as follows.
  
J(–3, 1) →  J'(1, –3) 

K(–1, 3) →  K'(3, –1) 

L(1, 3) → L'(3, 1) 

M(–3, –1)  → M'(–1, –3) 
  
That means that (x, y ) → (y , x). 
  
This is the result of a reflection over the y = x .  

ANSWER:  
(x, y ) → (y , x); reflection in the y = x .  

TOOLS Copy the figure and the given line of 
reflection. Then draw the reflected image in this
line using a ruler. 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point X  to the 
line k. Then locate X ' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect the vertices, X ', Y', and Z' to form the 
reflected image.  

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line s. 
Step 2: Measure the distance from point J to the 
line s. Then locate J' the same distance from line s 
on the opposite side.  
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect the vertices J', K', L', and M' to 
form the reflected image.  

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line c. 
Step 2: Measure the distance from point E to the 
line c. Then locate E' the same distance from line c 
on the opposite side.  
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect the vertices, E', F', G' and H' to 
form the reflected image.  

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line t. 
Step 2: Measure the distance from point A  to the 
line t. Then locate A ' the same distance from line t 
on the opposite side.  
Step 3: Repeat Step 2 to locate points B', C' and 
D'. Then connect the vertices, A ', B', C' and D' to 
form the reflected image.  

 

ANSWER:  

 

14.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line w. 
Step 2: Measure the distance from point P to the 
line w. Then locate P' the same distance from line w
on the opposite side.  
Step 3: Repeat Step 2 to locate points Q', R', S', 
T,' and U'. Then connect the vertices P', Q', R', S', 
T', and U' to form the reflected image.  

 

ANSWER:  

 

15.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point V to the 
line f . Then locate V' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect the vertices, V', W', X ', Y' and
Z' to form the reflected image.  

 

ANSWER:  

 

SPORTS When a ball is rolled or struck without
spin against a wall, it bounces off the wall and 
travels in a ray that is the reflected image of the
path of the ball if it had gone straight through 
the wall. Use this information in Exercises 16 
and 17. 

 
16. BILLIARDS Tadeo is playing billiards. He wants to

strike the eight ball with the cue ball so that the eight 
ball bounces off the rail and rolls into the indicated 
pocket. If the eight ball moves with no spin, draw a 
diagram showing the exact point P along the right rail
where the eight ball should hit after being struck by 
the cue ball. 

 

SOLUTION:  
We want to determine where the 8 ball should hit the
rail so that it goes into the side pocket. To do this, we
will need to locate a point P on the rail of the table 
such that P is collinear with the side pocket and the 
reflection of the 8 ball.  
  
Step 1: Locate the reflection of the 8 ball. The rail 
(red line) is equidistant from the 8 ball and the 
reflection. 

 
Step 2: Draw a line from the side pocket to the 
reflection. We now know the line along which the 8 
ball should travel in order to go into the side pocket. 

 
The intersection of the red and blue lines is the 
location of point P. The distance from P to the 8 ball 
and from P to the reflection are equal. 

 

ANSWER:  

 

17. INDOOR SOCCER Abby is playing indoor soccer,
and she wants to hit the ball to point C, but must 
avoid an opposing player at point B. She decides to 
hit the ball at point A so that it bounces off the side 
wall. Draw a diagram that shows the exact point 
along the top wall for which Abby should aim. 

 

SOLUTION:  
You are asked to locate a point P on line k such 
that cP + A'P  has the least possible value. 
 
The total distance from c to P and then from A ' to P
is least when these three points are collinear. Use 
the reflection of point A  in line k to find the location 
for point P. 
  
Draw A 'c . Locate P at the intersection of line k and
line A 'c. 
  
Compare the sum cP + A'P  for each case to verify 
that the location found for P minimizes this sum 

 

ANSWER:  

 

Graph each figure and its image in the given 
line. 

 

 

 
18.  y  = 3 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line y  =
3. 
  
Draw y  = 3. 
  
Vertex A is 5 units up from y  = 3, locate the point 5
units down from y  = 3. A ' would be (–5, –2). 
Vertex B is 2 units up from the y  = 3,  locate the 
point 2 units down from y  = 3. B' would be (–1, 1). 
Vertex C is 3 units down from y  = 3, locate the 
point 3 units up from y  = 3. C' would be (–4, 6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

19.  x = –1 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line x =
–1. 
  
Draw x = –1. 
  
Vertex A is 4 units left from x = –1, locate the point
4 units right from x = –1. A ' would be (3, 8). 
Vertex B is on the line x = –1,  so B' would be (–1, 
5). 
Vertex C is 3 units left from x = –1, locate the point
3 units right from x = –1. C' would be (2, 0). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

20. JKLM; x = 1 

SOLUTION:  
J is (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line x = 1. 
  
Draw the line x = 1. 
  
Vertex J is at 2 units right from x = 1, locate the 
point 2 units left from x = 1. J' would be (–1, 8). 
Vertex K is 5 units right from x = 1, locate the point
5 units left from x = 1. K' would be (–4, 8). 
Vertex L is 5 units right from x = 1, locate the point 
5 units left from x = 1. L' would be (–4, 5). 
Vertex M is on x = 1, so M' would be (1, 2). 
  
Then connect the vertices, J', K', L', and M' to form
the reflected image. 

 

ANSWER:  

 

21. JKLM; y  = 4 

SOLUTION:  
J is at (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line y  = 4. 
  
Draw the line y  = 4. 
  
Vertex J is 4 units up from y  = 4, locate the point 4 
units down from y  = 4. J' would be (3, 0). 
Vertex K is 4 units up from y  = 4, locate the point 4
units down from y  = 4. K' would be (6, 0). 
Vertex L is 1 unit up from y  = 4, locate the point 1 
unit down from y  = 4. L' would be (6, 3). 
Vertex M is 2 units down from y  = 4, locate the 
point 2 units up from y  = 4. M' would be (1, 6). 
  
Then connect the vertices J', K', L', and M' to form 
the reflected image. 

 

ANSWER:  

 

22. WXYZ; y  = –4 

SOLUTION:  
W is at (–2, –2), X  is at (6, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line y  = –4. 
  
Draw the line y  = –4. 
  
Vertex W is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. W' would be (–2, –6). 
Vertex X is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. X ' would be (6, –6). 
Vertex Y is 1 unit down from y  = –4, locate the 
point 1 unit up from y  = –4. Y' would be (4, –3). 
Vertex Z is 3 units down from y  = –4, locate the 
point 3 units up from y  = –4. Z' would be (0, –1). 
  
Then connect the vertices W', X ', Y', and Z' to form 
the reflected image. 
  

 

ANSWER:  

 

23. WXYZ; x = –2 

SOLUTION:  
W is at (–2, –2), X  is at (5, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line x = –2. 
  
Draw the line x = –2. 
  
Vertex W is on x = –2, so W' would be (–2, –2). 
Vertex X is 7 units right from x = –2, locate the 
point 7 units left from x = –2. X ' would be (–9, –2).
Vertex Y is 6 units right from x = –2, locate the 
point 6 units left from x = –2. Y' would be (–8, –5). 
Vertex Z is 2 units right from x = –2, locate the 
point 2 units left from x = –2. Z' would be (–4, –7).
  
Then connect the vertices, W', X ', Y', and Z' to form
the reflected image. 
  

 

ANSWER:  

 

STRUCTURE  Graph each figure and its image 
under the given reflection. 

24. rectangle ABCD with vertices A(–5, 2), B(1, 2), C(1, 
–1), and D(–5, –1) in the line y  = –2 

SOLUTION:  
To reflect over the line  y  = –2, subtract from the y -
coordinate the distance from the y  = –2 line.  
  
(x, y ) → (x, y – distance from y = –2 ) 

A(–5, 2) → Distance: +4, A'(–5, –6) 

B(1, 2) → Distance: +4, B'(1, –6) 

C(1, –1) → Distance: +1, C'(1, –3), 

D(–5, –1) →Distance: +1, D'(–5, –3) 
  
Plot the points. Then connect the vertices, A ', B', 
C', and D' to form the reflected image. 

 

ANSWER:  

 

25. square JKLM  with vertices J(–4, 6), K(0, 6), L(0, 2),
and M (–4, 2) in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 

J(–4, 6) → J'(4, 6) 

K(0, 6), → K'(0, 6) 

L(0, 2) → L'(0, 2) 

M(–4, 2)  → M'(4, 2) 
  
Plot the points. Then connect the vertices, J, K', 
L',and M' to form the reflected image. 

 

ANSWER:  

 

26.  with vertices F(–3, 2), G(–4, –1), and H(–6, 
–1) in the line y  = x 

SOLUTION:  
To reflect over line y  = x, interchange the x- and  y -
coordinates.  
  
(x, y ) → (y, x)  

 F(–3, 2), →   F'(2, –3) 

G(–4, –1) → G'(–1, –4) 

H(–6, –1) → H'(–1, –6) 
  
Plot the points. Then connect the vertices, F', G', 
and H' to form the reflected image. 
  

 

ANSWER:  

 

27.  with vertices W(2, 3), X(7, 3), Y(6, –1), and 

Z(1, –1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

W(2, 3) →  W'(2, –3) 

X(7, 3) → X'(7, –3), 

Y(6, –1) → Y'(6, 1) 

Z(1, –1) →  Z'(1, 1) 
  
Plot the points. Then connect the vertices, W', X ', 
Y',and Z' to form the reflected image. 
  

 

ANSWER:  

 

Given each figure and image, describe the 
transformation using coordinate notation. 

28. P(–1, 4), Q(2, 4), R(1, –1), and S(–1, –1) and P'(1, 
4), Q'(–2, 4), R'(–1, –1), and S'(1, –1)  

SOLUTION:  
Plot the points for the figure and its image.  

 
Compare the coordinates. 
  
P(–1, 4) →  P'(1, 4) 

Q(2, 4) → Q'(–2, 4) 

R(1, –1) → R'(–1, –1) 

S(–1, –1) →  S'(1, –1) 

To get from the figure to its image each (x, y ) → (–
x, y ). 
This means a reflection in the y -axis.  

ANSWER:  
(x, y ) → (–x, y ); reflection in the y -axis 

29. S(–3, –2), T(–2, 3), and U(2, 2) and S'(–2, –3), T'(3, 
–2), and U'(2, 2) 

SOLUTION:  
Plot the points for the figure and its image.  
  

 
  
Compare the coordinates. 
  
S(–3, –2) → S'(–2 –3) 

T(–2, 3) → T'(3, –2) 

U(2, 2) → U'(2, 2) 
Each vertex is transformed by (x, y ) → (y , x). 
This is a reflection in the line y  = x, interchange the 
x- and  y -coordinates.  

ANSWER:  
(x, y ) → (y , x); reflection in the line y  = x 

Each figure shows a preimage and its reflected 
image in some line. Copy each figure and draw 
the line of reflection. 

30.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

31.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  

 

ANSWER:  

 

32.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

CONSTRUCTION To construct the reflection 
of a figure in a line using only a compass and a 
straightedge, 
you can use: 
• the construction of a line perpendicular to a 
given line through a point not on the line 
(Lesson 1-5), and 
• the construction of a segment congruent to a 
given segment (Lesson 1-2). 

 
TOOLS  Copy each figure and the given line of 
reflection. Then construct the reflected image. 

33.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at B 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from B to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
A and C. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

34.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at K 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from K to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
J and L. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
  
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

35. ARCHITECTURE Refer to the photo of the 
building on page 227.  
a. Identify the line of reflection.  
b. Identify the preimage/image pairs. Assume that 
architectural features on the left-hand side of the 
picture represent the preimages. 

SOLUTION:  

a. is the line of reflection because each point to
its left matches a point to its right.  
b. A and C, D and F,  and ,  and .  

ANSWER:  

a.  

b. A and C, D and F,  and ,  and .  

ALGEBRA Graph the line y  = 2x – 3 and its 
reflected image in the given line. What is the 
equation of the reflected image? 

36. x-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the x-axis, the x-intercept will 
be the same in the reflection. Use the y-intercept to 
find a second point on the reflected line. Since the y-
intercept is –3,  the y-intercept of the reflected line 
will be 3.  
  
Use (1.5, 0) and (0, 3) to write an equation for the 
reflected line.  
  

 
  

 
  

 

ANSWER:  

 

37. y-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y-axis, the y-intercept will 
be the same in the reflection. Use the x-intercept to 
find a second point on the reflected line. Since the x-
intercept is 1.5,  the x-intercept of the reflected line 
will be –1.5.  
  
Use (–1.5, 0) and (0, –3) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

38. y  = x 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y = x line, the x- and y-
coordinates are switched. Switch the coordinates for 
the intercepts.  The y-intercept is (0, –3), so x-
intercept of the reflected line would be (–3, 0). The 
x-intercept is (1.5, 0), so y-intercept of the reflected 
line would be (0, 1.5) 
  
Use (0, 1.5) and (–3, 0) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

39. Reflect  shown below in the line y  = 3x. 

 

SOLUTION:  
Each vertex and its image will be equidistant from y  
= 3x. To estimate the placement of the images of 
each vertex, first find the equation of the lines 
perpendicular to y  = 3x that pass through each 

vertex. Each of these lines will have the slope , 

which is the negative reciprocal of the slope in y  = 
3x. 
  
Vertex C(-3, 6) 

 
Graph this line. Use a ruler to find the distance 
between C(-3, 6) and the point of intersection with 
the line of reflection. Mark C' an equal distance 
along this line. 
  
Vertex D(-1, 1) 

 
Graph this line. Use a ruler to find the distance 
between D(-1, 1) and the point of intersection with 
the line of reflection. Mark D' an equal distance 
along this line. 
  
Vertex E(3, 5) 

 
Graph this line. Use a ruler to find the distance 
between E(3, 5) and the point of intersection with 
the line of reflection. Mark E' an equal distance 
along this line. 
Connect the vertices, C', D', and E' to form the 
reflected image. 

 
  

 

ANSWER:  

 

40. Relocate vertex C so that ABCDE is convex, and all 
sides remain the same length. 

 

SOLUTION:  
If you reflect vertex C over the BD line, the figure 
would become convex.  

 

ANSWER:  

 

ALGEBRA Graph the reflection of each 
function in the given line. Then write the 
equation of the reflected image. 

41. x-axis 

 

SOLUTION:  
To reflect a point in the x-axis, multiply its y -
coordinate by –1.  
  
To reflect   in the x-axis multiply by –
1.  

 

ANSWER:  

 

42. y-axis 

 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
To reflect  over the y -axis, multiply x 
by –1. The reflected equation will then be 

. 
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Copy the figure and the given line of reflection. 
Then draw the reflected image in this line using
a ruler. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line a. 
Step 2: Measure the distance from point C to the 
line a. Then locate C' the same distance from line a 
on the opposite side.  
Step 3: Repeat Step 2 to locate points D' and F'. 
Then connect the vertices, C', D', and F' to form 
the reflected image.  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point Q to the 
line k. Then locate Q' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points R', S' and 
T'. Then connect the vertices, Q', R', S', and T' to 
form the reflected image.  

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point W to the 
line f . Then locate W' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect the vertices, W', X ', Y' and Z' to 
form the reflected image.  
  

 

ANSWER:  

 

4. SPORTING EVENTS Toru is waiting at a café for 
a friend to bring him a ticket to a sold-out sporting 
event. At what point P along the street should the 
friend try to stop his car to minimize the distance 
Toru will have to walk from the café, to the car, and 
then to the arena entrance? Draw a diagram. 

 

SOLUTION:  
 You are asked to locate a point P on line se such 
that cP + Pe has the least possible value. 
 
The total distance from s to P and then from P to e 
is least when these three points are collinear. Use 
the reflection of point c over the road to find the 
location for point P. 
  
 Draw c'e (or se).  

 
  
Locate P at the intersection of road and line se . 

 
  
Compare the sum cP + Pe for each case to verify 
that the location found for P minimizes this sum. 

ANSWER:  
Sample answer: 

 

Graph  and its image in the given line.

 
5. y  = –2 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line y  = –2. 
  
Vertex A is 3 units up from y  = –2, locate the point 
3 units down from y  = –2. A ' would be (1, –5). 
Vertex B is on the line y  = –2, so B' would be at the
same point (2, –2). 
Vertex C is 4 units up from y  = –2, locate the point 
4 units down from y  = –2. C' would be (7, –6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  
  

 

ANSWER:  

 

6. x = 3 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line x = 3. 
  
Vertex A is 2 units left from x = 3, locate the point 
2 units right from x = 3. A ' would be at (5, 1). 
Vertex B is 1 unit left from  x = 3, locate the point 1
unit right from x = 3. B' would be at (4, –2). 
Vertex C is 4 units right from x = 3, locate the point
4 units left from x = 3. C' would be at (–1, 2). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

Graph each figure and its image under the given
reflection. 

7.  with vertices X(0, 4), Y(–3, 4), and Z(–4, –1) 
in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 
X(0, 4) → X'(0, 4) 
Y(–3, 4) → Y'(3, 4) 
Z(–4, –1) →Z'(4, –1) 
  
Plot the points. Then connect the vertices, X ', Y', 
and Z' to form the reflected image. 
  

 

ANSWER:  

 

8.  QRST with vertices Q(–1, 4), R(4, 4), S(3, 1), and
T(–2, 1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

Q(–1, 4) → Q'(–1, –4) 

R(4, 4) → R'(4, –4) 

S(3, 1) →S'(3, –1) 

T(–2, 1) →T'(–2, –1) 
  
Plot the points. Then connect the vertices, Q', R', S',
and T' to form the reflected image. 
  

 

ANSWER:  

 

9. Given quadrilaterals J(–3, 1), K(–1, 3), L(1, 3), and M
(–3, –1) and its image J'(1, –3), K'(3, –1), L'(3, 1), 
and M'(–1, –3), describe the transformation using 
coordinate notation.  

SOLUTION:  
Plot the points for the preimage and the image. 
  

 
The transformation sends each vertex as follows.
  
J(–3, 1) →  J'(1, –3) 

K(–1, 3) →  K'(3, –1) 

L(1, 3) → L'(3, 1) 

M(–3, –1)  → M'(–1, –3) 
  
That means that (x, y ) → (y , x). 
  
This is the result of a reflection over the y = x .  

ANSWER:  
(x, y ) → (y , x); reflection in the y = x .  

TOOLS Copy the figure and the given line of 
reflection. Then draw the reflected image in this
line using a ruler. 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point X  to the 
line k. Then locate X ' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect the vertices, X ', Y', and Z' to form the 
reflected image.  

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line s. 
Step 2: Measure the distance from point J to the 
line s. Then locate J' the same distance from line s 
on the opposite side.  
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect the vertices J', K', L', and M' to 
form the reflected image.  

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line c. 
Step 2: Measure the distance from point E to the 
line c. Then locate E' the same distance from line c 
on the opposite side.  
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect the vertices, E', F', G' and H' to 
form the reflected image.  

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line t. 
Step 2: Measure the distance from point A  to the 
line t. Then locate A ' the same distance from line t 
on the opposite side.  
Step 3: Repeat Step 2 to locate points B', C' and 
D'. Then connect the vertices, A ', B', C' and D' to 
form the reflected image.  

 

ANSWER:  

 

14.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line w. 
Step 2: Measure the distance from point P to the 
line w. Then locate P' the same distance from line w
on the opposite side.  
Step 3: Repeat Step 2 to locate points Q', R', S', 
T,' and U'. Then connect the vertices P', Q', R', S', 
T', and U' to form the reflected image.  

 

ANSWER:  

 

15.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point V to the 
line f . Then locate V' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect the vertices, V', W', X ', Y' and
Z' to form the reflected image.  

 

ANSWER:  

 

SPORTS When a ball is rolled or struck without
spin against a wall, it bounces off the wall and 
travels in a ray that is the reflected image of the
path of the ball if it had gone straight through 
the wall. Use this information in Exercises 16 
and 17. 

 
16. BILLIARDS Tadeo is playing billiards. He wants to

strike the eight ball with the cue ball so that the eight 
ball bounces off the rail and rolls into the indicated 
pocket. If the eight ball moves with no spin, draw a 
diagram showing the exact point P along the right rail
where the eight ball should hit after being struck by 
the cue ball. 

 

SOLUTION:  
We want to determine where the 8 ball should hit the
rail so that it goes into the side pocket. To do this, we
will need to locate a point P on the rail of the table 
such that P is collinear with the side pocket and the 
reflection of the 8 ball.  
  
Step 1: Locate the reflection of the 8 ball. The rail 
(red line) is equidistant from the 8 ball and the 
reflection. 

 
Step 2: Draw a line from the side pocket to the 
reflection. We now know the line along which the 8 
ball should travel in order to go into the side pocket. 

 
The intersection of the red and blue lines is the 
location of point P. The distance from P to the 8 ball 
and from P to the reflection are equal. 

 

ANSWER:  

 

17. INDOOR SOCCER Abby is playing indoor soccer,
and she wants to hit the ball to point C, but must 
avoid an opposing player at point B. She decides to 
hit the ball at point A so that it bounces off the side 
wall. Draw a diagram that shows the exact point 
along the top wall for which Abby should aim. 

 

SOLUTION:  
You are asked to locate a point P on line k such 
that cP + A'P  has the least possible value. 
 
The total distance from c to P and then from A ' to P
is least when these three points are collinear. Use 
the reflection of point A  in line k to find the location 
for point P. 
  
Draw A 'c . Locate P at the intersection of line k and
line A 'c. 
  
Compare the sum cP + A'P  for each case to verify 
that the location found for P minimizes this sum 

 

ANSWER:  

 

Graph each figure and its image in the given 
line. 

 

 

 
18.  y  = 3 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line y  =
3. 
  
Draw y  = 3. 
  
Vertex A is 5 units up from y  = 3, locate the point 5
units down from y  = 3. A ' would be (–5, –2). 
Vertex B is 2 units up from the y  = 3,  locate the 
point 2 units down from y  = 3. B' would be (–1, 1). 
Vertex C is 3 units down from y  = 3, locate the 
point 3 units up from y  = 3. C' would be (–4, 6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

19.  x = –1 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line x =
–1. 
  
Draw x = –1. 
  
Vertex A is 4 units left from x = –1, locate the point
4 units right from x = –1. A ' would be (3, 8). 
Vertex B is on the line x = –1,  so B' would be (–1, 
5). 
Vertex C is 3 units left from x = –1, locate the point
3 units right from x = –1. C' would be (2, 0). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

20. JKLM; x = 1 

SOLUTION:  
J is (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line x = 1. 
  
Draw the line x = 1. 
  
Vertex J is at 2 units right from x = 1, locate the 
point 2 units left from x = 1. J' would be (–1, 8). 
Vertex K is 5 units right from x = 1, locate the point
5 units left from x = 1. K' would be (–4, 8). 
Vertex L is 5 units right from x = 1, locate the point 
5 units left from x = 1. L' would be (–4, 5). 
Vertex M is on x = 1, so M' would be (1, 2). 
  
Then connect the vertices, J', K', L', and M' to form
the reflected image. 

 

ANSWER:  

 

21. JKLM; y  = 4 

SOLUTION:  
J is at (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line y  = 4. 
  
Draw the line y  = 4. 
  
Vertex J is 4 units up from y  = 4, locate the point 4 
units down from y  = 4. J' would be (3, 0). 
Vertex K is 4 units up from y  = 4, locate the point 4
units down from y  = 4. K' would be (6, 0). 
Vertex L is 1 unit up from y  = 4, locate the point 1 
unit down from y  = 4. L' would be (6, 3). 
Vertex M is 2 units down from y  = 4, locate the 
point 2 units up from y  = 4. M' would be (1, 6). 
  
Then connect the vertices J', K', L', and M' to form 
the reflected image. 

 

ANSWER:  

 

22. WXYZ; y  = –4 

SOLUTION:  
W is at (–2, –2), X  is at (6, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line y  = –4. 
  
Draw the line y  = –4. 
  
Vertex W is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. W' would be (–2, –6). 
Vertex X is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. X ' would be (6, –6). 
Vertex Y is 1 unit down from y  = –4, locate the 
point 1 unit up from y  = –4. Y' would be (4, –3). 
Vertex Z is 3 units down from y  = –4, locate the 
point 3 units up from y  = –4. Z' would be (0, –1). 
  
Then connect the vertices W', X ', Y', and Z' to form 
the reflected image. 
  

 

ANSWER:  

 

23. WXYZ; x = –2 

SOLUTION:  
W is at (–2, –2), X  is at (5, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line x = –2. 
  
Draw the line x = –2. 
  
Vertex W is on x = –2, so W' would be (–2, –2). 
Vertex X is 7 units right from x = –2, locate the 
point 7 units left from x = –2. X ' would be (–9, –2).
Vertex Y is 6 units right from x = –2, locate the 
point 6 units left from x = –2. Y' would be (–8, –5). 
Vertex Z is 2 units right from x = –2, locate the 
point 2 units left from x = –2. Z' would be (–4, –7).
  
Then connect the vertices, W', X ', Y', and Z' to form
the reflected image. 
  

 

ANSWER:  

 

STRUCTURE  Graph each figure and its image 
under the given reflection. 

24. rectangle ABCD with vertices A(–5, 2), B(1, 2), C(1, 
–1), and D(–5, –1) in the line y  = –2 

SOLUTION:  
To reflect over the line  y  = –2, subtract from the y -
coordinate the distance from the y  = –2 line.  
  
(x, y ) → (x, y – distance from y = –2 ) 

A(–5, 2) → Distance: +4, A'(–5, –6) 

B(1, 2) → Distance: +4, B'(1, –6) 

C(1, –1) → Distance: +1, C'(1, –3), 

D(–5, –1) →Distance: +1, D'(–5, –3) 
  
Plot the points. Then connect the vertices, A ', B', 
C', and D' to form the reflected image. 

 

ANSWER:  

 

25. square JKLM  with vertices J(–4, 6), K(0, 6), L(0, 2),
and M (–4, 2) in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 

J(–4, 6) → J'(4, 6) 

K(0, 6), → K'(0, 6) 

L(0, 2) → L'(0, 2) 

M(–4, 2)  → M'(4, 2) 
  
Plot the points. Then connect the vertices, J, K', 
L',and M' to form the reflected image. 

 

ANSWER:  

 

26.  with vertices F(–3, 2), G(–4, –1), and H(–6, 
–1) in the line y  = x 

SOLUTION:  
To reflect over line y  = x, interchange the x- and  y -
coordinates.  
  
(x, y ) → (y, x)  

 F(–3, 2), →   F'(2, –3) 

G(–4, –1) → G'(–1, –4) 

H(–6, –1) → H'(–1, –6) 
  
Plot the points. Then connect the vertices, F', G', 
and H' to form the reflected image. 
  

 

ANSWER:  

 

27.  with vertices W(2, 3), X(7, 3), Y(6, –1), and 

Z(1, –1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

W(2, 3) →  W'(2, –3) 

X(7, 3) → X'(7, –3), 

Y(6, –1) → Y'(6, 1) 

Z(1, –1) →  Z'(1, 1) 
  
Plot the points. Then connect the vertices, W', X ', 
Y',and Z' to form the reflected image. 
  

 

ANSWER:  

 

Given each figure and image, describe the 
transformation using coordinate notation. 

28. P(–1, 4), Q(2, 4), R(1, –1), and S(–1, –1) and P'(1, 
4), Q'(–2, 4), R'(–1, –1), and S'(1, –1)  

SOLUTION:  
Plot the points for the figure and its image.  

 
Compare the coordinates. 
  
P(–1, 4) →  P'(1, 4) 

Q(2, 4) → Q'(–2, 4) 

R(1, –1) → R'(–1, –1) 

S(–1, –1) →  S'(1, –1) 

To get from the figure to its image each (x, y ) → (–
x, y ). 
This means a reflection in the y -axis.  

ANSWER:  
(x, y ) → (–x, y ); reflection in the y -axis 

29. S(–3, –2), T(–2, 3), and U(2, 2) and S'(–2, –3), T'(3, 
–2), and U'(2, 2) 

SOLUTION:  
Plot the points for the figure and its image.  
  

 
  
Compare the coordinates. 
  
S(–3, –2) → S'(–2 –3) 

T(–2, 3) → T'(3, –2) 

U(2, 2) → U'(2, 2) 
Each vertex is transformed by (x, y ) → (y , x). 
This is a reflection in the line y  = x, interchange the 
x- and  y -coordinates.  

ANSWER:  
(x, y ) → (y , x); reflection in the line y  = x 

Each figure shows a preimage and its reflected 
image in some line. Copy each figure and draw 
the line of reflection. 

30.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

31.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  

 

ANSWER:  

 

32.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

CONSTRUCTION To construct the reflection 
of a figure in a line using only a compass and a 
straightedge, 
you can use: 
• the construction of a line perpendicular to a 
given line through a point not on the line 
(Lesson 1-5), and 
• the construction of a segment congruent to a 
given segment (Lesson 1-2). 

 
TOOLS  Copy each figure and the given line of 
reflection. Then construct the reflected image. 

33.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at B 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from B to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
A and C. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

34.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at K 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from K to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
J and L. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
  
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

35. ARCHITECTURE Refer to the photo of the 
building on page 227.  
a. Identify the line of reflection.  
b. Identify the preimage/image pairs. Assume that 
architectural features on the left-hand side of the 
picture represent the preimages. 

SOLUTION:  

a. is the line of reflection because each point to
its left matches a point to its right.  
b. A and C, D and F,  and ,  and .  

ANSWER:  

a.  

b. A and C, D and F,  and ,  and .  

ALGEBRA Graph the line y  = 2x – 3 and its 
reflected image in the given line. What is the 
equation of the reflected image? 

36. x-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the x-axis, the x-intercept will 
be the same in the reflection. Use the y-intercept to 
find a second point on the reflected line. Since the y-
intercept is –3,  the y-intercept of the reflected line 
will be 3.  
  
Use (1.5, 0) and (0, 3) to write an equation for the 
reflected line.  
  

 
  

 
  

 

ANSWER:  

 

37. y-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y-axis, the y-intercept will 
be the same in the reflection. Use the x-intercept to 
find a second point on the reflected line. Since the x-
intercept is 1.5,  the x-intercept of the reflected line 
will be –1.5.  
  
Use (–1.5, 0) and (0, –3) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

38. y  = x 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y = x line, the x- and y-
coordinates are switched. Switch the coordinates for 
the intercepts.  The y-intercept is (0, –3), so x-
intercept of the reflected line would be (–3, 0). The 
x-intercept is (1.5, 0), so y-intercept of the reflected 
line would be (0, 1.5) 
  
Use (0, 1.5) and (–3, 0) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

39. Reflect  shown below in the line y  = 3x. 

 

SOLUTION:  
Each vertex and its image will be equidistant from y  
= 3x. To estimate the placement of the images of 
each vertex, first find the equation of the lines 
perpendicular to y  = 3x that pass through each 

vertex. Each of these lines will have the slope , 

which is the negative reciprocal of the slope in y  = 
3x. 
  
Vertex C(-3, 6) 

 
Graph this line. Use a ruler to find the distance 
between C(-3, 6) and the point of intersection with 
the line of reflection. Mark C' an equal distance 
along this line. 
  
Vertex D(-1, 1) 

 
Graph this line. Use a ruler to find the distance 
between D(-1, 1) and the point of intersection with 
the line of reflection. Mark D' an equal distance 
along this line. 
  
Vertex E(3, 5) 

 
Graph this line. Use a ruler to find the distance 
between E(3, 5) and the point of intersection with 
the line of reflection. Mark E' an equal distance 
along this line. 
Connect the vertices, C', D', and E' to form the 
reflected image. 

 
  

 

ANSWER:  

 

40. Relocate vertex C so that ABCDE is convex, and all 
sides remain the same length. 

 

SOLUTION:  
If you reflect vertex C over the BD line, the figure 
would become convex.  

 

ANSWER:  

 

ALGEBRA Graph the reflection of each 
function in the given line. Then write the 
equation of the reflected image. 

41. x-axis 

 

SOLUTION:  
To reflect a point in the x-axis, multiply its y -
coordinate by –1.  
  
To reflect   in the x-axis multiply by –
1.  

 

ANSWER:  

 

42. y-axis 

 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
To reflect  over the y -axis, multiply x 
by –1. The reflected equation will then be 

. 

  
  

 

Copy the figure and the given line of reflection. 
Then draw the reflected image in this line using
a ruler. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line a. 
Step 2: Measure the distance from point C to the 
line a. Then locate C' the same distance from line a 
on the opposite side.  
Step 3: Repeat Step 2 to locate points D' and F'. 
Then connect the vertices, C', D', and F' to form 
the reflected image.  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point Q to the 
line k. Then locate Q' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points R', S' and 
T'. Then connect the vertices, Q', R', S', and T' to 
form the reflected image.  

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point W to the 
line f . Then locate W' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect the vertices, W', X ', Y' and Z' to 
form the reflected image.  
  

 

ANSWER:  

 

4. SPORTING EVENTS Toru is waiting at a café for 
a friend to bring him a ticket to a sold-out sporting 
event. At what point P along the street should the 
friend try to stop his car to minimize the distance 
Toru will have to walk from the café, to the car, and 
then to the arena entrance? Draw a diagram. 

 

SOLUTION:  
 You are asked to locate a point P on line se such 
that cP + Pe has the least possible value. 
 
The total distance from s to P and then from P to e 
is least when these three points are collinear. Use 
the reflection of point c over the road to find the 
location for point P. 
  
 Draw c'e (or se).  

 
  
Locate P at the intersection of road and line se . 

 
  
Compare the sum cP + Pe for each case to verify 
that the location found for P minimizes this sum. 

ANSWER:  
Sample answer: 

 

Graph  and its image in the given line.

 
5. y  = –2 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line y  = –2. 
  
Vertex A is 3 units up from y  = –2, locate the point 
3 units down from y  = –2. A ' would be (1, –5). 
Vertex B is on the line y  = –2, so B' would be at the
same point (2, –2). 
Vertex C is 4 units up from y  = –2, locate the point 
4 units down from y  = –2. C' would be (7, –6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  
  

 

ANSWER:  

 

6. x = 3 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line x = 3. 
  
Vertex A is 2 units left from x = 3, locate the point 
2 units right from x = 3. A ' would be at (5, 1). 
Vertex B is 1 unit left from  x = 3, locate the point 1
unit right from x = 3. B' would be at (4, –2). 
Vertex C is 4 units right from x = 3, locate the point
4 units left from x = 3. C' would be at (–1, 2). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

Graph each figure and its image under the given
reflection. 

7.  with vertices X(0, 4), Y(–3, 4), and Z(–4, –1) 
in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 
X(0, 4) → X'(0, 4) 
Y(–3, 4) → Y'(3, 4) 
Z(–4, –1) →Z'(4, –1) 
  
Plot the points. Then connect the vertices, X ', Y', 
and Z' to form the reflected image. 
  

 

ANSWER:  

 

8.  QRST with vertices Q(–1, 4), R(4, 4), S(3, 1), and
T(–2, 1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

Q(–1, 4) → Q'(–1, –4) 

R(4, 4) → R'(4, –4) 

S(3, 1) →S'(3, –1) 

T(–2, 1) →T'(–2, –1) 
  
Plot the points. Then connect the vertices, Q', R', S',
and T' to form the reflected image. 
  

 

ANSWER:  

 

9. Given quadrilaterals J(–3, 1), K(–1, 3), L(1, 3), and M
(–3, –1) and its image J'(1, –3), K'(3, –1), L'(3, 1), 
and M'(–1, –3), describe the transformation using 
coordinate notation.  

SOLUTION:  
Plot the points for the preimage and the image. 
  

 
The transformation sends each vertex as follows.
  
J(–3, 1) →  J'(1, –3) 

K(–1, 3) →  K'(3, –1) 

L(1, 3) → L'(3, 1) 

M(–3, –1)  → M'(–1, –3) 
  
That means that (x, y ) → (y , x). 
  
This is the result of a reflection over the y = x .  

ANSWER:  
(x, y ) → (y , x); reflection in the y = x .  

TOOLS Copy the figure and the given line of 
reflection. Then draw the reflected image in this
line using a ruler. 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point X  to the 
line k. Then locate X ' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect the vertices, X ', Y', and Z' to form the 
reflected image.  

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line s. 
Step 2: Measure the distance from point J to the 
line s. Then locate J' the same distance from line s 
on the opposite side.  
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect the vertices J', K', L', and M' to 
form the reflected image.  

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line c. 
Step 2: Measure the distance from point E to the 
line c. Then locate E' the same distance from line c 
on the opposite side.  
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect the vertices, E', F', G' and H' to 
form the reflected image.  

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line t. 
Step 2: Measure the distance from point A  to the 
line t. Then locate A ' the same distance from line t 
on the opposite side.  
Step 3: Repeat Step 2 to locate points B', C' and 
D'. Then connect the vertices, A ', B', C' and D' to 
form the reflected image.  

 

ANSWER:  

 

14.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line w. 
Step 2: Measure the distance from point P to the 
line w. Then locate P' the same distance from line w
on the opposite side.  
Step 3: Repeat Step 2 to locate points Q', R', S', 
T,' and U'. Then connect the vertices P', Q', R', S', 
T', and U' to form the reflected image.  

 

ANSWER:  

 

15.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point V to the 
line f . Then locate V' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect the vertices, V', W', X ', Y' and
Z' to form the reflected image.  

 

ANSWER:  

 

SPORTS When a ball is rolled or struck without
spin against a wall, it bounces off the wall and 
travels in a ray that is the reflected image of the
path of the ball if it had gone straight through 
the wall. Use this information in Exercises 16 
and 17. 

 
16. BILLIARDS Tadeo is playing billiards. He wants to

strike the eight ball with the cue ball so that the eight 
ball bounces off the rail and rolls into the indicated 
pocket. If the eight ball moves with no spin, draw a 
diagram showing the exact point P along the right rail
where the eight ball should hit after being struck by 
the cue ball. 

 

SOLUTION:  
We want to determine where the 8 ball should hit the
rail so that it goes into the side pocket. To do this, we
will need to locate a point P on the rail of the table 
such that P is collinear with the side pocket and the 
reflection of the 8 ball.  
  
Step 1: Locate the reflection of the 8 ball. The rail 
(red line) is equidistant from the 8 ball and the 
reflection. 

 
Step 2: Draw a line from the side pocket to the 
reflection. We now know the line along which the 8 
ball should travel in order to go into the side pocket. 

 
The intersection of the red and blue lines is the 
location of point P. The distance from P to the 8 ball 
and from P to the reflection are equal. 

 

ANSWER:  

 

17. INDOOR SOCCER Abby is playing indoor soccer,
and she wants to hit the ball to point C, but must 
avoid an opposing player at point B. She decides to 
hit the ball at point A so that it bounces off the side 
wall. Draw a diagram that shows the exact point 
along the top wall for which Abby should aim. 

 

SOLUTION:  
You are asked to locate a point P on line k such 
that cP + A'P  has the least possible value. 
 
The total distance from c to P and then from A ' to P
is least when these three points are collinear. Use 
the reflection of point A  in line k to find the location 
for point P. 
  
Draw A 'c . Locate P at the intersection of line k and
line A 'c. 
  
Compare the sum cP + A'P  for each case to verify 
that the location found for P minimizes this sum 

 

ANSWER:  

 

Graph each figure and its image in the given 
line. 

 

 

 
18.  y  = 3 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line y  =
3. 
  
Draw y  = 3. 
  
Vertex A is 5 units up from y  = 3, locate the point 5
units down from y  = 3. A ' would be (–5, –2). 
Vertex B is 2 units up from the y  = 3,  locate the 
point 2 units down from y  = 3. B' would be (–1, 1). 
Vertex C is 3 units down from y  = 3, locate the 
point 3 units up from y  = 3. C' would be (–4, 6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

19.  x = –1 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line x =
–1. 
  
Draw x = –1. 
  
Vertex A is 4 units left from x = –1, locate the point
4 units right from x = –1. A ' would be (3, 8). 
Vertex B is on the line x = –1,  so B' would be (–1, 
5). 
Vertex C is 3 units left from x = –1, locate the point
3 units right from x = –1. C' would be (2, 0). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

20. JKLM; x = 1 

SOLUTION:  
J is (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line x = 1. 
  
Draw the line x = 1. 
  
Vertex J is at 2 units right from x = 1, locate the 
point 2 units left from x = 1. J' would be (–1, 8). 
Vertex K is 5 units right from x = 1, locate the point
5 units left from x = 1. K' would be (–4, 8). 
Vertex L is 5 units right from x = 1, locate the point 
5 units left from x = 1. L' would be (–4, 5). 
Vertex M is on x = 1, so M' would be (1, 2). 
  
Then connect the vertices, J', K', L', and M' to form
the reflected image. 

 

ANSWER:  

 

21. JKLM; y  = 4 

SOLUTION:  
J is at (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line y  = 4. 
  
Draw the line y  = 4. 
  
Vertex J is 4 units up from y  = 4, locate the point 4 
units down from y  = 4. J' would be (3, 0). 
Vertex K is 4 units up from y  = 4, locate the point 4
units down from y  = 4. K' would be (6, 0). 
Vertex L is 1 unit up from y  = 4, locate the point 1 
unit down from y  = 4. L' would be (6, 3). 
Vertex M is 2 units down from y  = 4, locate the 
point 2 units up from y  = 4. M' would be (1, 6). 
  
Then connect the vertices J', K', L', and M' to form 
the reflected image. 

 

ANSWER:  

 

22. WXYZ; y  = –4 

SOLUTION:  
W is at (–2, –2), X  is at (6, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line y  = –4. 
  
Draw the line y  = –4. 
  
Vertex W is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. W' would be (–2, –6). 
Vertex X is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. X ' would be (6, –6). 
Vertex Y is 1 unit down from y  = –4, locate the 
point 1 unit up from y  = –4. Y' would be (4, –3). 
Vertex Z is 3 units down from y  = –4, locate the 
point 3 units up from y  = –4. Z' would be (0, –1). 
  
Then connect the vertices W', X ', Y', and Z' to form 
the reflected image. 
  

 

ANSWER:  

 

23. WXYZ; x = –2 

SOLUTION:  
W is at (–2, –2), X  is at (5, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line x = –2. 
  
Draw the line x = –2. 
  
Vertex W is on x = –2, so W' would be (–2, –2). 
Vertex X is 7 units right from x = –2, locate the 
point 7 units left from x = –2. X ' would be (–9, –2).
Vertex Y is 6 units right from x = –2, locate the 
point 6 units left from x = –2. Y' would be (–8, –5). 
Vertex Z is 2 units right from x = –2, locate the 
point 2 units left from x = –2. Z' would be (–4, –7).
  
Then connect the vertices, W', X ', Y', and Z' to form
the reflected image. 
  

 

ANSWER:  

 

STRUCTURE  Graph each figure and its image 
under the given reflection. 

24. rectangle ABCD with vertices A(–5, 2), B(1, 2), C(1, 
–1), and D(–5, –1) in the line y  = –2 

SOLUTION:  
To reflect over the line  y  = –2, subtract from the y -
coordinate the distance from the y  = –2 line.  
  
(x, y ) → (x, y – distance from y = –2 ) 

A(–5, 2) → Distance: +4, A'(–5, –6) 

B(1, 2) → Distance: +4, B'(1, –6) 

C(1, –1) → Distance: +1, C'(1, –3), 

D(–5, –1) →Distance: +1, D'(–5, –3) 
  
Plot the points. Then connect the vertices, A ', B', 
C', and D' to form the reflected image. 

 

ANSWER:  

 

25. square JKLM  with vertices J(–4, 6), K(0, 6), L(0, 2),
and M (–4, 2) in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 

J(–4, 6) → J'(4, 6) 

K(0, 6), → K'(0, 6) 

L(0, 2) → L'(0, 2) 

M(–4, 2)  → M'(4, 2) 
  
Plot the points. Then connect the vertices, J, K', 
L',and M' to form the reflected image. 

 

ANSWER:  

 

26.  with vertices F(–3, 2), G(–4, –1), and H(–6, 
–1) in the line y  = x 

SOLUTION:  
To reflect over line y  = x, interchange the x- and  y -
coordinates.  
  
(x, y ) → (y, x)  

 F(–3, 2), →   F'(2, –3) 

G(–4, –1) → G'(–1, –4) 

H(–6, –1) → H'(–1, –6) 
  
Plot the points. Then connect the vertices, F', G', 
and H' to form the reflected image. 
  

 

ANSWER:  

 

27.  with vertices W(2, 3), X(7, 3), Y(6, –1), and 

Z(1, –1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

W(2, 3) →  W'(2, –3) 

X(7, 3) → X'(7, –3), 

Y(6, –1) → Y'(6, 1) 

Z(1, –1) →  Z'(1, 1) 
  
Plot the points. Then connect the vertices, W', X ', 
Y',and Z' to form the reflected image. 
  

 

ANSWER:  

 

Given each figure and image, describe the 
transformation using coordinate notation. 

28. P(–1, 4), Q(2, 4), R(1, –1), and S(–1, –1) and P'(1, 
4), Q'(–2, 4), R'(–1, –1), and S'(1, –1)  

SOLUTION:  
Plot the points for the figure and its image.  

 
Compare the coordinates. 
  
P(–1, 4) →  P'(1, 4) 

Q(2, 4) → Q'(–2, 4) 

R(1, –1) → R'(–1, –1) 

S(–1, –1) →  S'(1, –1) 

To get from the figure to its image each (x, y ) → (–
x, y ). 
This means a reflection in the y -axis.  

ANSWER:  
(x, y ) → (–x, y ); reflection in the y -axis 

29. S(–3, –2), T(–2, 3), and U(2, 2) and S'(–2, –3), T'(3, 
–2), and U'(2, 2) 

SOLUTION:  
Plot the points for the figure and its image.  
  

 
  
Compare the coordinates. 
  
S(–3, –2) → S'(–2 –3) 

T(–2, 3) → T'(3, –2) 

U(2, 2) → U'(2, 2) 
Each vertex is transformed by (x, y ) → (y , x). 
This is a reflection in the line y  = x, interchange the 
x- and  y -coordinates.  

ANSWER:  
(x, y ) → (y , x); reflection in the line y  = x 

Each figure shows a preimage and its reflected 
image in some line. Copy each figure and draw 
the line of reflection. 

30.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

31.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  

 

ANSWER:  

 

32.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

CONSTRUCTION To construct the reflection 
of a figure in a line using only a compass and a 
straightedge, 
you can use: 
• the construction of a line perpendicular to a 
given line through a point not on the line 
(Lesson 1-5), and 
• the construction of a segment congruent to a 
given segment (Lesson 1-2). 

 
TOOLS  Copy each figure and the given line of 
reflection. Then construct the reflected image. 

33.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at B 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from B to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
A and C. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

34.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at K 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from K to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
J and L. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
  
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

35. ARCHITECTURE Refer to the photo of the 
building on page 227.  
a. Identify the line of reflection.  
b. Identify the preimage/image pairs. Assume that 
architectural features on the left-hand side of the 
picture represent the preimages. 

SOLUTION:  

a. is the line of reflection because each point to
its left matches a point to its right.  
b. A and C, D and F,  and ,  and .  

ANSWER:  

a.  

b. A and C, D and F,  and ,  and .  

ALGEBRA Graph the line y  = 2x – 3 and its 
reflected image in the given line. What is the 
equation of the reflected image? 

36. x-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the x-axis, the x-intercept will 
be the same in the reflection. Use the y-intercept to 
find a second point on the reflected line. Since the y-
intercept is –3,  the y-intercept of the reflected line 
will be 3.  
  
Use (1.5, 0) and (0, 3) to write an equation for the 
reflected line.  
  

 
  

 
  

 

ANSWER:  

 

37. y-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y-axis, the y-intercept will 
be the same in the reflection. Use the x-intercept to 
find a second point on the reflected line. Since the x-
intercept is 1.5,  the x-intercept of the reflected line 
will be –1.5.  
  
Use (–1.5, 0) and (0, –3) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

38. y  = x 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y = x line, the x- and y-
coordinates are switched. Switch the coordinates for 
the intercepts.  The y-intercept is (0, –3), so x-
intercept of the reflected line would be (–3, 0). The 
x-intercept is (1.5, 0), so y-intercept of the reflected 
line would be (0, 1.5) 
  
Use (0, 1.5) and (–3, 0) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

39. Reflect  shown below in the line y  = 3x. 

 

SOLUTION:  
Each vertex and its image will be equidistant from y  
= 3x. To estimate the placement of the images of 
each vertex, first find the equation of the lines 
perpendicular to y  = 3x that pass through each 

vertex. Each of these lines will have the slope , 

which is the negative reciprocal of the slope in y  = 
3x. 
  
Vertex C(-3, 6) 

 
Graph this line. Use a ruler to find the distance 
between C(-3, 6) and the point of intersection with 
the line of reflection. Mark C' an equal distance 
along this line. 
  
Vertex D(-1, 1) 

 
Graph this line. Use a ruler to find the distance 
between D(-1, 1) and the point of intersection with 
the line of reflection. Mark D' an equal distance 
along this line. 
  
Vertex E(3, 5) 

 
Graph this line. Use a ruler to find the distance 
between E(3, 5) and the point of intersection with 
the line of reflection. Mark E' an equal distance 
along this line. 
Connect the vertices, C', D', and E' to form the 
reflected image. 

 
  

 

ANSWER:  

 

40. Relocate vertex C so that ABCDE is convex, and all 
sides remain the same length. 

 

SOLUTION:  
If you reflect vertex C over the BD line, the figure 
would become convex.  

 

ANSWER:  

 

ALGEBRA Graph the reflection of each 
function in the given line. Then write the 
equation of the reflected image. 

41. x-axis 

 

SOLUTION:  
To reflect a point in the x-axis, multiply its y -
coordinate by –1.  
  
To reflect   in the x-axis multiply by –
1.  

 

ANSWER:  

 

42. y-axis 

 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
To reflect  over the y -axis, multiply x 
by –1. The reflected equation will then be 

. 
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Copy the figure and the given line of reflection. 
Then draw the reflected image in this line using
a ruler. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line a. 
Step 2: Measure the distance from point C to the 
line a. Then locate C' the same distance from line a 
on the opposite side.  
Step 3: Repeat Step 2 to locate points D' and F'. 
Then connect the vertices, C', D', and F' to form 
the reflected image.  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point Q to the 
line k. Then locate Q' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points R', S' and 
T'. Then connect the vertices, Q', R', S', and T' to 
form the reflected image.  

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point W to the 
line f . Then locate W' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect the vertices, W', X ', Y' and Z' to 
form the reflected image.  
  

 

ANSWER:  

 

4. SPORTING EVENTS Toru is waiting at a café for 
a friend to bring him a ticket to a sold-out sporting 
event. At what point P along the street should the 
friend try to stop his car to minimize the distance 
Toru will have to walk from the café, to the car, and 
then to the arena entrance? Draw a diagram. 

 

SOLUTION:  
 You are asked to locate a point P on line se such 
that cP + Pe has the least possible value. 
 
The total distance from s to P and then from P to e 
is least when these three points are collinear. Use 
the reflection of point c over the road to find the 
location for point P. 
  
 Draw c'e (or se).  

 
  
Locate P at the intersection of road and line se . 

 
  
Compare the sum cP + Pe for each case to verify 
that the location found for P minimizes this sum. 

ANSWER:  
Sample answer: 

 

Graph  and its image in the given line.

 
5. y  = –2 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line y  = –2. 
  
Vertex A is 3 units up from y  = –2, locate the point 
3 units down from y  = –2. A ' would be (1, –5). 
Vertex B is on the line y  = –2, so B' would be at the
same point (2, –2). 
Vertex C is 4 units up from y  = –2, locate the point 
4 units down from y  = –2. C' would be (7, –6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  
  

 

ANSWER:  

 

6. x = 3 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line x = 3. 
  
Vertex A is 2 units left from x = 3, locate the point 
2 units right from x = 3. A ' would be at (5, 1). 
Vertex B is 1 unit left from  x = 3, locate the point 1
unit right from x = 3. B' would be at (4, –2). 
Vertex C is 4 units right from x = 3, locate the point
4 units left from x = 3. C' would be at (–1, 2). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

Graph each figure and its image under the given
reflection. 

7.  with vertices X(0, 4), Y(–3, 4), and Z(–4, –1) 
in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 
X(0, 4) → X'(0, 4) 
Y(–3, 4) → Y'(3, 4) 
Z(–4, –1) →Z'(4, –1) 
  
Plot the points. Then connect the vertices, X ', Y', 
and Z' to form the reflected image. 
  

 

ANSWER:  

 

8.  QRST with vertices Q(–1, 4), R(4, 4), S(3, 1), and
T(–2, 1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

Q(–1, 4) → Q'(–1, –4) 

R(4, 4) → R'(4, –4) 

S(3, 1) →S'(3, –1) 

T(–2, 1) →T'(–2, –1) 
  
Plot the points. Then connect the vertices, Q', R', S',
and T' to form the reflected image. 
  

 

ANSWER:  

 

9. Given quadrilaterals J(–3, 1), K(–1, 3), L(1, 3), and M
(–3, –1) and its image J'(1, –3), K'(3, –1), L'(3, 1), 
and M'(–1, –3), describe the transformation using 
coordinate notation.  

SOLUTION:  
Plot the points for the preimage and the image. 
  

 
The transformation sends each vertex as follows.
  
J(–3, 1) →  J'(1, –3) 

K(–1, 3) →  K'(3, –1) 

L(1, 3) → L'(3, 1) 

M(–3, –1)  → M'(–1, –3) 
  
That means that (x, y ) → (y , x). 
  
This is the result of a reflection over the y = x .  

ANSWER:  
(x, y ) → (y , x); reflection in the y = x .  

TOOLS Copy the figure and the given line of 
reflection. Then draw the reflected image in this
line using a ruler. 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point X  to the 
line k. Then locate X ' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect the vertices, X ', Y', and Z' to form the 
reflected image.  

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line s. 
Step 2: Measure the distance from point J to the 
line s. Then locate J' the same distance from line s 
on the opposite side.  
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect the vertices J', K', L', and M' to 
form the reflected image.  

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line c. 
Step 2: Measure the distance from point E to the 
line c. Then locate E' the same distance from line c 
on the opposite side.  
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect the vertices, E', F', G' and H' to 
form the reflected image.  

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line t. 
Step 2: Measure the distance from point A  to the 
line t. Then locate A ' the same distance from line t 
on the opposite side.  
Step 3: Repeat Step 2 to locate points B', C' and 
D'. Then connect the vertices, A ', B', C' and D' to 
form the reflected image.  

 

ANSWER:  

 

14.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line w. 
Step 2: Measure the distance from point P to the 
line w. Then locate P' the same distance from line w
on the opposite side.  
Step 3: Repeat Step 2 to locate points Q', R', S', 
T,' and U'. Then connect the vertices P', Q', R', S', 
T', and U' to form the reflected image.  

 

ANSWER:  

 

15.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point V to the 
line f . Then locate V' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect the vertices, V', W', X ', Y' and
Z' to form the reflected image.  

 

ANSWER:  

 

SPORTS When a ball is rolled or struck without
spin against a wall, it bounces off the wall and 
travels in a ray that is the reflected image of the
path of the ball if it had gone straight through 
the wall. Use this information in Exercises 16 
and 17. 

 
16. BILLIARDS Tadeo is playing billiards. He wants to

strike the eight ball with the cue ball so that the eight 
ball bounces off the rail and rolls into the indicated 
pocket. If the eight ball moves with no spin, draw a 
diagram showing the exact point P along the right rail
where the eight ball should hit after being struck by 
the cue ball. 

 

SOLUTION:  
We want to determine where the 8 ball should hit the
rail so that it goes into the side pocket. To do this, we
will need to locate a point P on the rail of the table 
such that P is collinear with the side pocket and the 
reflection of the 8 ball.  
  
Step 1: Locate the reflection of the 8 ball. The rail 
(red line) is equidistant from the 8 ball and the 
reflection. 

 
Step 2: Draw a line from the side pocket to the 
reflection. We now know the line along which the 8 
ball should travel in order to go into the side pocket. 

 
The intersection of the red and blue lines is the 
location of point P. The distance from P to the 8 ball 
and from P to the reflection are equal. 

 

ANSWER:  

 

17. INDOOR SOCCER Abby is playing indoor soccer,
and she wants to hit the ball to point C, but must 
avoid an opposing player at point B. She decides to 
hit the ball at point A so that it bounces off the side 
wall. Draw a diagram that shows the exact point 
along the top wall for which Abby should aim. 

 

SOLUTION:  
You are asked to locate a point P on line k such 
that cP + A'P  has the least possible value. 
 
The total distance from c to P and then from A ' to P
is least when these three points are collinear. Use 
the reflection of point A  in line k to find the location 
for point P. 
  
Draw A 'c . Locate P at the intersection of line k and
line A 'c. 
  
Compare the sum cP + A'P  for each case to verify 
that the location found for P minimizes this sum 

 

ANSWER:  

 

Graph each figure and its image in the given 
line. 

 

 

 
18.  y  = 3 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line y  =
3. 
  
Draw y  = 3. 
  
Vertex A is 5 units up from y  = 3, locate the point 5
units down from y  = 3. A ' would be (–5, –2). 
Vertex B is 2 units up from the y  = 3,  locate the 
point 2 units down from y  = 3. B' would be (–1, 1). 
Vertex C is 3 units down from y  = 3, locate the 
point 3 units up from y  = 3. C' would be (–4, 6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

19.  x = –1 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line x =
–1. 
  
Draw x = –1. 
  
Vertex A is 4 units left from x = –1, locate the point
4 units right from x = –1. A ' would be (3, 8). 
Vertex B is on the line x = –1,  so B' would be (–1, 
5). 
Vertex C is 3 units left from x = –1, locate the point
3 units right from x = –1. C' would be (2, 0). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

20. JKLM; x = 1 

SOLUTION:  
J is (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line x = 1. 
  
Draw the line x = 1. 
  
Vertex J is at 2 units right from x = 1, locate the 
point 2 units left from x = 1. J' would be (–1, 8). 
Vertex K is 5 units right from x = 1, locate the point
5 units left from x = 1. K' would be (–4, 8). 
Vertex L is 5 units right from x = 1, locate the point 
5 units left from x = 1. L' would be (–4, 5). 
Vertex M is on x = 1, so M' would be (1, 2). 
  
Then connect the vertices, J', K', L', and M' to form
the reflected image. 

 

ANSWER:  

 

21. JKLM; y  = 4 

SOLUTION:  
J is at (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line y  = 4. 
  
Draw the line y  = 4. 
  
Vertex J is 4 units up from y  = 4, locate the point 4 
units down from y  = 4. J' would be (3, 0). 
Vertex K is 4 units up from y  = 4, locate the point 4
units down from y  = 4. K' would be (6, 0). 
Vertex L is 1 unit up from y  = 4, locate the point 1 
unit down from y  = 4. L' would be (6, 3). 
Vertex M is 2 units down from y  = 4, locate the 
point 2 units up from y  = 4. M' would be (1, 6). 
  
Then connect the vertices J', K', L', and M' to form 
the reflected image. 

 

ANSWER:  

 

22. WXYZ; y  = –4 

SOLUTION:  
W is at (–2, –2), X  is at (6, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line y  = –4. 
  
Draw the line y  = –4. 
  
Vertex W is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. W' would be (–2, –6). 
Vertex X is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. X ' would be (6, –6). 
Vertex Y is 1 unit down from y  = –4, locate the 
point 1 unit up from y  = –4. Y' would be (4, –3). 
Vertex Z is 3 units down from y  = –4, locate the 
point 3 units up from y  = –4. Z' would be (0, –1). 
  
Then connect the vertices W', X ', Y', and Z' to form 
the reflected image. 
  

 

ANSWER:  

 

23. WXYZ; x = –2 

SOLUTION:  
W is at (–2, –2), X  is at (5, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line x = –2. 
  
Draw the line x = –2. 
  
Vertex W is on x = –2, so W' would be (–2, –2). 
Vertex X is 7 units right from x = –2, locate the 
point 7 units left from x = –2. X ' would be (–9, –2).
Vertex Y is 6 units right from x = –2, locate the 
point 6 units left from x = –2. Y' would be (–8, –5). 
Vertex Z is 2 units right from x = –2, locate the 
point 2 units left from x = –2. Z' would be (–4, –7).
  
Then connect the vertices, W', X ', Y', and Z' to form
the reflected image. 
  

 

ANSWER:  

 

STRUCTURE  Graph each figure and its image 
under the given reflection. 

24. rectangle ABCD with vertices A(–5, 2), B(1, 2), C(1, 
–1), and D(–5, –1) in the line y  = –2 

SOLUTION:  
To reflect over the line  y  = –2, subtract from the y -
coordinate the distance from the y  = –2 line.  
  
(x, y ) → (x, y – distance from y = –2 ) 

A(–5, 2) → Distance: +4, A'(–5, –6) 

B(1, 2) → Distance: +4, B'(1, –6) 

C(1, –1) → Distance: +1, C'(1, –3), 

D(–5, –1) →Distance: +1, D'(–5, –3) 
  
Plot the points. Then connect the vertices, A ', B', 
C', and D' to form the reflected image. 

 

ANSWER:  

 

25. square JKLM  with vertices J(–4, 6), K(0, 6), L(0, 2),
and M (–4, 2) in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 

J(–4, 6) → J'(4, 6) 

K(0, 6), → K'(0, 6) 

L(0, 2) → L'(0, 2) 

M(–4, 2)  → M'(4, 2) 
  
Plot the points. Then connect the vertices, J, K', 
L',and M' to form the reflected image. 

 

ANSWER:  

 

26.  with vertices F(–3, 2), G(–4, –1), and H(–6, 
–1) in the line y  = x 

SOLUTION:  
To reflect over line y  = x, interchange the x- and  y -
coordinates.  
  
(x, y ) → (y, x)  

 F(–3, 2), →   F'(2, –3) 

G(–4, –1) → G'(–1, –4) 

H(–6, –1) → H'(–1, –6) 
  
Plot the points. Then connect the vertices, F', G', 
and H' to form the reflected image. 
  

 

ANSWER:  

 

27.  with vertices W(2, 3), X(7, 3), Y(6, –1), and 

Z(1, –1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

W(2, 3) →  W'(2, –3) 

X(7, 3) → X'(7, –3), 

Y(6, –1) → Y'(6, 1) 

Z(1, –1) →  Z'(1, 1) 
  
Plot the points. Then connect the vertices, W', X ', 
Y',and Z' to form the reflected image. 
  

 

ANSWER:  

 

Given each figure and image, describe the 
transformation using coordinate notation. 

28. P(–1, 4), Q(2, 4), R(1, –1), and S(–1, –1) and P'(1, 
4), Q'(–2, 4), R'(–1, –1), and S'(1, –1)  

SOLUTION:  
Plot the points for the figure and its image.  

 
Compare the coordinates. 
  
P(–1, 4) →  P'(1, 4) 

Q(2, 4) → Q'(–2, 4) 

R(1, –1) → R'(–1, –1) 

S(–1, –1) →  S'(1, –1) 

To get from the figure to its image each (x, y ) → (–
x, y ). 
This means a reflection in the y -axis.  

ANSWER:  
(x, y ) → (–x, y ); reflection in the y -axis 

29. S(–3, –2), T(–2, 3), and U(2, 2) and S'(–2, –3), T'(3, 
–2), and U'(2, 2) 

SOLUTION:  
Plot the points for the figure and its image.  
  

 
  
Compare the coordinates. 
  
S(–3, –2) → S'(–2 –3) 

T(–2, 3) → T'(3, –2) 

U(2, 2) → U'(2, 2) 
Each vertex is transformed by (x, y ) → (y , x). 
This is a reflection in the line y  = x, interchange the 
x- and  y -coordinates.  

ANSWER:  
(x, y ) → (y , x); reflection in the line y  = x 

Each figure shows a preimage and its reflected 
image in some line. Copy each figure and draw 
the line of reflection. 

30.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

31.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  

 

ANSWER:  

 

32.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

CONSTRUCTION To construct the reflection 
of a figure in a line using only a compass and a 
straightedge, 
you can use: 
• the construction of a line perpendicular to a 
given line through a point not on the line 
(Lesson 1-5), and 
• the construction of a segment congruent to a 
given segment (Lesson 1-2). 

 
TOOLS  Copy each figure and the given line of 
reflection. Then construct the reflected image. 

33.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at B 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from B to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
A and C. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

34.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at K 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from K to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
J and L. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
  
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

35. ARCHITECTURE Refer to the photo of the 
building on page 227.  
a. Identify the line of reflection.  
b. Identify the preimage/image pairs. Assume that 
architectural features on the left-hand side of the 
picture represent the preimages. 

SOLUTION:  

a. is the line of reflection because each point to
its left matches a point to its right.  
b. A and C, D and F,  and ,  and .  

ANSWER:  

a.  

b. A and C, D and F,  and ,  and .  

ALGEBRA Graph the line y  = 2x – 3 and its 
reflected image in the given line. What is the 
equation of the reflected image? 

36. x-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the x-axis, the x-intercept will 
be the same in the reflection. Use the y-intercept to 
find a second point on the reflected line. Since the y-
intercept is –3,  the y-intercept of the reflected line 
will be 3.  
  
Use (1.5, 0) and (0, 3) to write an equation for the 
reflected line.  
  

 
  

 
  

 

ANSWER:  

 

37. y-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y-axis, the y-intercept will 
be the same in the reflection. Use the x-intercept to 
find a second point on the reflected line. Since the x-
intercept is 1.5,  the x-intercept of the reflected line 
will be –1.5.  
  
Use (–1.5, 0) and (0, –3) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

38. y  = x 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y = x line, the x- and y-
coordinates are switched. Switch the coordinates for 
the intercepts.  The y-intercept is (0, –3), so x-
intercept of the reflected line would be (–3, 0). The 
x-intercept is (1.5, 0), so y-intercept of the reflected 
line would be (0, 1.5) 
  
Use (0, 1.5) and (–3, 0) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

39. Reflect  shown below in the line y  = 3x. 

 

SOLUTION:  
Each vertex and its image will be equidistant from y  
= 3x. To estimate the placement of the images of 
each vertex, first find the equation of the lines 
perpendicular to y  = 3x that pass through each 

vertex. Each of these lines will have the slope , 

which is the negative reciprocal of the slope in y  = 
3x. 
  
Vertex C(-3, 6) 

 
Graph this line. Use a ruler to find the distance 
between C(-3, 6) and the point of intersection with 
the line of reflection. Mark C' an equal distance 
along this line. 
  
Vertex D(-1, 1) 

 
Graph this line. Use a ruler to find the distance 
between D(-1, 1) and the point of intersection with 
the line of reflection. Mark D' an equal distance 
along this line. 
  
Vertex E(3, 5) 

 
Graph this line. Use a ruler to find the distance 
between E(3, 5) and the point of intersection with 
the line of reflection. Mark E' an equal distance 
along this line. 
Connect the vertices, C', D', and E' to form the 
reflected image. 

 
  

 

ANSWER:  

 

40. Relocate vertex C so that ABCDE is convex, and all 
sides remain the same length. 

 

SOLUTION:  
If you reflect vertex C over the BD line, the figure 
would become convex.  

 

ANSWER:  

 

ALGEBRA Graph the reflection of each 
function in the given line. Then write the 
equation of the reflected image. 

41. x-axis 

 

SOLUTION:  
To reflect a point in the x-axis, multiply its y -
coordinate by –1.  
  
To reflect   in the x-axis multiply by –
1.  

 

ANSWER:  

 

42. y-axis 

 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
To reflect  over the y -axis, multiply x 
by –1. The reflected equation will then be 

. 

  
  

 

Copy the figure and the given line of reflection. 
Then draw the reflected image in this line using
a ruler. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line a. 
Step 2: Measure the distance from point C to the 
line a. Then locate C' the same distance from line a 
on the opposite side.  
Step 3: Repeat Step 2 to locate points D' and F'. 
Then connect the vertices, C', D', and F' to form 
the reflected image.  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point Q to the 
line k. Then locate Q' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points R', S' and 
T'. Then connect the vertices, Q', R', S', and T' to 
form the reflected image.  

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point W to the 
line f . Then locate W' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect the vertices, W', X ', Y' and Z' to 
form the reflected image.  
  

 

ANSWER:  

 

4. SPORTING EVENTS Toru is waiting at a café for 
a friend to bring him a ticket to a sold-out sporting 
event. At what point P along the street should the 
friend try to stop his car to minimize the distance 
Toru will have to walk from the café, to the car, and 
then to the arena entrance? Draw a diagram. 

 

SOLUTION:  
 You are asked to locate a point P on line se such 
that cP + Pe has the least possible value. 
 
The total distance from s to P and then from P to e 
is least when these three points are collinear. Use 
the reflection of point c over the road to find the 
location for point P. 
  
 Draw c'e (or se).  

 
  
Locate P at the intersection of road and line se . 

 
  
Compare the sum cP + Pe for each case to verify 
that the location found for P minimizes this sum. 

ANSWER:  
Sample answer: 

 

Graph  and its image in the given line.

 
5. y  = –2 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line y  = –2. 
  
Vertex A is 3 units up from y  = –2, locate the point 
3 units down from y  = –2. A ' would be (1, –5). 
Vertex B is on the line y  = –2, so B' would be at the
same point (2, –2). 
Vertex C is 4 units up from y  = –2, locate the point 
4 units down from y  = –2. C' would be (7, –6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  
  

 

ANSWER:  

 

6. x = 3 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line x = 3. 
  
Vertex A is 2 units left from x = 3, locate the point 
2 units right from x = 3. A ' would be at (5, 1). 
Vertex B is 1 unit left from  x = 3, locate the point 1
unit right from x = 3. B' would be at (4, –2). 
Vertex C is 4 units right from x = 3, locate the point
4 units left from x = 3. C' would be at (–1, 2). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

Graph each figure and its image under the given
reflection. 

7.  with vertices X(0, 4), Y(–3, 4), and Z(–4, –1) 
in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 
X(0, 4) → X'(0, 4) 
Y(–3, 4) → Y'(3, 4) 
Z(–4, –1) →Z'(4, –1) 
  
Plot the points. Then connect the vertices, X ', Y', 
and Z' to form the reflected image. 
  

 

ANSWER:  

 

8.  QRST with vertices Q(–1, 4), R(4, 4), S(3, 1), and
T(–2, 1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

Q(–1, 4) → Q'(–1, –4) 

R(4, 4) → R'(4, –4) 

S(3, 1) →S'(3, –1) 

T(–2, 1) →T'(–2, –1) 
  
Plot the points. Then connect the vertices, Q', R', S',
and T' to form the reflected image. 
  

 

ANSWER:  

 

9. Given quadrilaterals J(–3, 1), K(–1, 3), L(1, 3), and M
(–3, –1) and its image J'(1, –3), K'(3, –1), L'(3, 1), 
and M'(–1, –3), describe the transformation using 
coordinate notation.  

SOLUTION:  
Plot the points for the preimage and the image. 
  

 
The transformation sends each vertex as follows.
  
J(–3, 1) →  J'(1, –3) 

K(–1, 3) →  K'(3, –1) 

L(1, 3) → L'(3, 1) 

M(–3, –1)  → M'(–1, –3) 
  
That means that (x, y ) → (y , x). 
  
This is the result of a reflection over the y = x .  

ANSWER:  
(x, y ) → (y , x); reflection in the y = x .  

TOOLS Copy the figure and the given line of 
reflection. Then draw the reflected image in this
line using a ruler. 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point X  to the 
line k. Then locate X ' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect the vertices, X ', Y', and Z' to form the 
reflected image.  

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line s. 
Step 2: Measure the distance from point J to the 
line s. Then locate J' the same distance from line s 
on the opposite side.  
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect the vertices J', K', L', and M' to 
form the reflected image.  

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line c. 
Step 2: Measure the distance from point E to the 
line c. Then locate E' the same distance from line c 
on the opposite side.  
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect the vertices, E', F', G' and H' to 
form the reflected image.  

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line t. 
Step 2: Measure the distance from point A  to the 
line t. Then locate A ' the same distance from line t 
on the opposite side.  
Step 3: Repeat Step 2 to locate points B', C' and 
D'. Then connect the vertices, A ', B', C' and D' to 
form the reflected image.  

 

ANSWER:  

 

14.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line w. 
Step 2: Measure the distance from point P to the 
line w. Then locate P' the same distance from line w
on the opposite side.  
Step 3: Repeat Step 2 to locate points Q', R', S', 
T,' and U'. Then connect the vertices P', Q', R', S', 
T', and U' to form the reflected image.  

 

ANSWER:  

 

15.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point V to the 
line f . Then locate V' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect the vertices, V', W', X ', Y' and
Z' to form the reflected image.  

 

ANSWER:  

 

SPORTS When a ball is rolled or struck without
spin against a wall, it bounces off the wall and 
travels in a ray that is the reflected image of the
path of the ball if it had gone straight through 
the wall. Use this information in Exercises 16 
and 17. 

 
16. BILLIARDS Tadeo is playing billiards. He wants to

strike the eight ball with the cue ball so that the eight 
ball bounces off the rail and rolls into the indicated 
pocket. If the eight ball moves with no spin, draw a 
diagram showing the exact point P along the right rail
where the eight ball should hit after being struck by 
the cue ball. 

 

SOLUTION:  
We want to determine where the 8 ball should hit the
rail so that it goes into the side pocket. To do this, we
will need to locate a point P on the rail of the table 
such that P is collinear with the side pocket and the 
reflection of the 8 ball.  
  
Step 1: Locate the reflection of the 8 ball. The rail 
(red line) is equidistant from the 8 ball and the 
reflection. 

 
Step 2: Draw a line from the side pocket to the 
reflection. We now know the line along which the 8 
ball should travel in order to go into the side pocket. 

 
The intersection of the red and blue lines is the 
location of point P. The distance from P to the 8 ball 
and from P to the reflection are equal. 

 

ANSWER:  

 

17. INDOOR SOCCER Abby is playing indoor soccer,
and she wants to hit the ball to point C, but must 
avoid an opposing player at point B. She decides to 
hit the ball at point A so that it bounces off the side 
wall. Draw a diagram that shows the exact point 
along the top wall for which Abby should aim. 

 

SOLUTION:  
You are asked to locate a point P on line k such 
that cP + A'P  has the least possible value. 
 
The total distance from c to P and then from A ' to P
is least when these three points are collinear. Use 
the reflection of point A  in line k to find the location 
for point P. 
  
Draw A 'c . Locate P at the intersection of line k and
line A 'c. 
  
Compare the sum cP + A'P  for each case to verify 
that the location found for P minimizes this sum 

 

ANSWER:  

 

Graph each figure and its image in the given 
line. 

 

 

 
18.  y  = 3 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line y  =
3. 
  
Draw y  = 3. 
  
Vertex A is 5 units up from y  = 3, locate the point 5
units down from y  = 3. A ' would be (–5, –2). 
Vertex B is 2 units up from the y  = 3,  locate the 
point 2 units down from y  = 3. B' would be (–1, 1). 
Vertex C is 3 units down from y  = 3, locate the 
point 3 units up from y  = 3. C' would be (–4, 6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

19.  x = –1 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line x =
–1. 
  
Draw x = –1. 
  
Vertex A is 4 units left from x = –1, locate the point
4 units right from x = –1. A ' would be (3, 8). 
Vertex B is on the line x = –1,  so B' would be (–1, 
5). 
Vertex C is 3 units left from x = –1, locate the point
3 units right from x = –1. C' would be (2, 0). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

20. JKLM; x = 1 

SOLUTION:  
J is (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line x = 1. 
  
Draw the line x = 1. 
  
Vertex J is at 2 units right from x = 1, locate the 
point 2 units left from x = 1. J' would be (–1, 8). 
Vertex K is 5 units right from x = 1, locate the point
5 units left from x = 1. K' would be (–4, 8). 
Vertex L is 5 units right from x = 1, locate the point 
5 units left from x = 1. L' would be (–4, 5). 
Vertex M is on x = 1, so M' would be (1, 2). 
  
Then connect the vertices, J', K', L', and M' to form
the reflected image. 

 

ANSWER:  

 

21. JKLM; y  = 4 

SOLUTION:  
J is at (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line y  = 4. 
  
Draw the line y  = 4. 
  
Vertex J is 4 units up from y  = 4, locate the point 4 
units down from y  = 4. J' would be (3, 0). 
Vertex K is 4 units up from y  = 4, locate the point 4
units down from y  = 4. K' would be (6, 0). 
Vertex L is 1 unit up from y  = 4, locate the point 1 
unit down from y  = 4. L' would be (6, 3). 
Vertex M is 2 units down from y  = 4, locate the 
point 2 units up from y  = 4. M' would be (1, 6). 
  
Then connect the vertices J', K', L', and M' to form 
the reflected image. 

 

ANSWER:  

 

22. WXYZ; y  = –4 

SOLUTION:  
W is at (–2, –2), X  is at (6, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line y  = –4. 
  
Draw the line y  = –4. 
  
Vertex W is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. W' would be (–2, –6). 
Vertex X is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. X ' would be (6, –6). 
Vertex Y is 1 unit down from y  = –4, locate the 
point 1 unit up from y  = –4. Y' would be (4, –3). 
Vertex Z is 3 units down from y  = –4, locate the 
point 3 units up from y  = –4. Z' would be (0, –1). 
  
Then connect the vertices W', X ', Y', and Z' to form 
the reflected image. 
  

 

ANSWER:  

 

23. WXYZ; x = –2 

SOLUTION:  
W is at (–2, –2), X  is at (5, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line x = –2. 
  
Draw the line x = –2. 
  
Vertex W is on x = –2, so W' would be (–2, –2). 
Vertex X is 7 units right from x = –2, locate the 
point 7 units left from x = –2. X ' would be (–9, –2).
Vertex Y is 6 units right from x = –2, locate the 
point 6 units left from x = –2. Y' would be (–8, –5). 
Vertex Z is 2 units right from x = –2, locate the 
point 2 units left from x = –2. Z' would be (–4, –7).
  
Then connect the vertices, W', X ', Y', and Z' to form
the reflected image. 
  

 

ANSWER:  

 

STRUCTURE  Graph each figure and its image 
under the given reflection. 

24. rectangle ABCD with vertices A(–5, 2), B(1, 2), C(1, 
–1), and D(–5, –1) in the line y  = –2 

SOLUTION:  
To reflect over the line  y  = –2, subtract from the y -
coordinate the distance from the y  = –2 line.  
  
(x, y ) → (x, y – distance from y = –2 ) 

A(–5, 2) → Distance: +4, A'(–5, –6) 

B(1, 2) → Distance: +4, B'(1, –6) 

C(1, –1) → Distance: +1, C'(1, –3), 

D(–5, –1) →Distance: +1, D'(–5, –3) 
  
Plot the points. Then connect the vertices, A ', B', 
C', and D' to form the reflected image. 

 

ANSWER:  

 

25. square JKLM  with vertices J(–4, 6), K(0, 6), L(0, 2),
and M (–4, 2) in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 

J(–4, 6) → J'(4, 6) 

K(0, 6), → K'(0, 6) 

L(0, 2) → L'(0, 2) 

M(–4, 2)  → M'(4, 2) 
  
Plot the points. Then connect the vertices, J, K', 
L',and M' to form the reflected image. 

 

ANSWER:  

 

26.  with vertices F(–3, 2), G(–4, –1), and H(–6, 
–1) in the line y  = x 

SOLUTION:  
To reflect over line y  = x, interchange the x- and  y -
coordinates.  
  
(x, y ) → (y, x)  

 F(–3, 2), →   F'(2, –3) 

G(–4, –1) → G'(–1, –4) 

H(–6, –1) → H'(–1, –6) 
  
Plot the points. Then connect the vertices, F', G', 
and H' to form the reflected image. 
  

 

ANSWER:  

 

27.  with vertices W(2, 3), X(7, 3), Y(6, –1), and 

Z(1, –1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

W(2, 3) →  W'(2, –3) 

X(7, 3) → X'(7, –3), 

Y(6, –1) → Y'(6, 1) 

Z(1, –1) →  Z'(1, 1) 
  
Plot the points. Then connect the vertices, W', X ', 
Y',and Z' to form the reflected image. 
  

 

ANSWER:  

 

Given each figure and image, describe the 
transformation using coordinate notation. 

28. P(–1, 4), Q(2, 4), R(1, –1), and S(–1, –1) and P'(1, 
4), Q'(–2, 4), R'(–1, –1), and S'(1, –1)  

SOLUTION:  
Plot the points for the figure and its image.  

 
Compare the coordinates. 
  
P(–1, 4) →  P'(1, 4) 

Q(2, 4) → Q'(–2, 4) 

R(1, –1) → R'(–1, –1) 

S(–1, –1) →  S'(1, –1) 

To get from the figure to its image each (x, y ) → (–
x, y ). 
This means a reflection in the y -axis.  

ANSWER:  
(x, y ) → (–x, y ); reflection in the y -axis 

29. S(–3, –2), T(–2, 3), and U(2, 2) and S'(–2, –3), T'(3, 
–2), and U'(2, 2) 

SOLUTION:  
Plot the points for the figure and its image.  
  

 
  
Compare the coordinates. 
  
S(–3, –2) → S'(–2 –3) 

T(–2, 3) → T'(3, –2) 

U(2, 2) → U'(2, 2) 
Each vertex is transformed by (x, y ) → (y , x). 
This is a reflection in the line y  = x, interchange the 
x- and  y -coordinates.  

ANSWER:  
(x, y ) → (y , x); reflection in the line y  = x 

Each figure shows a preimage and its reflected 
image in some line. Copy each figure and draw 
the line of reflection. 

30.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

31.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  

 

ANSWER:  

 

32.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

CONSTRUCTION To construct the reflection 
of a figure in a line using only a compass and a 
straightedge, 
you can use: 
• the construction of a line perpendicular to a 
given line through a point not on the line 
(Lesson 1-5), and 
• the construction of a segment congruent to a 
given segment (Lesson 1-2). 

 
TOOLS  Copy each figure and the given line of 
reflection. Then construct the reflected image. 

33.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at B 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from B to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
A and C. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

34.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at K 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from K to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
J and L. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
  
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

35. ARCHITECTURE Refer to the photo of the 
building on page 227.  
a. Identify the line of reflection.  
b. Identify the preimage/image pairs. Assume that 
architectural features on the left-hand side of the 
picture represent the preimages. 

SOLUTION:  

a. is the line of reflection because each point to
its left matches a point to its right.  
b. A and C, D and F,  and ,  and .  

ANSWER:  

a.  

b. A and C, D and F,  and ,  and .  

ALGEBRA Graph the line y  = 2x – 3 and its 
reflected image in the given line. What is the 
equation of the reflected image? 

36. x-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the x-axis, the x-intercept will 
be the same in the reflection. Use the y-intercept to 
find a second point on the reflected line. Since the y-
intercept is –3,  the y-intercept of the reflected line 
will be 3.  
  
Use (1.5, 0) and (0, 3) to write an equation for the 
reflected line.  
  

 
  

 
  

 

ANSWER:  

 

37. y-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y-axis, the y-intercept will 
be the same in the reflection. Use the x-intercept to 
find a second point on the reflected line. Since the x-
intercept is 1.5,  the x-intercept of the reflected line 
will be –1.5.  
  
Use (–1.5, 0) and (0, –3) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

38. y  = x 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y = x line, the x- and y-
coordinates are switched. Switch the coordinates for 
the intercepts.  The y-intercept is (0, –3), so x-
intercept of the reflected line would be (–3, 0). The 
x-intercept is (1.5, 0), so y-intercept of the reflected 
line would be (0, 1.5) 
  
Use (0, 1.5) and (–3, 0) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

39. Reflect  shown below in the line y  = 3x. 

 

SOLUTION:  
Each vertex and its image will be equidistant from y  
= 3x. To estimate the placement of the images of 
each vertex, first find the equation of the lines 
perpendicular to y  = 3x that pass through each 

vertex. Each of these lines will have the slope , 

which is the negative reciprocal of the slope in y  = 
3x. 
  
Vertex C(-3, 6) 

 
Graph this line. Use a ruler to find the distance 
between C(-3, 6) and the point of intersection with 
the line of reflection. Mark C' an equal distance 
along this line. 
  
Vertex D(-1, 1) 

 
Graph this line. Use a ruler to find the distance 
between D(-1, 1) and the point of intersection with 
the line of reflection. Mark D' an equal distance 
along this line. 
  
Vertex E(3, 5) 

 
Graph this line. Use a ruler to find the distance 
between E(3, 5) and the point of intersection with 
the line of reflection. Mark E' an equal distance 
along this line. 
Connect the vertices, C', D', and E' to form the 
reflected image. 

 
  

 

ANSWER:  

 

40. Relocate vertex C so that ABCDE is convex, and all 
sides remain the same length. 

 

SOLUTION:  
If you reflect vertex C over the BD line, the figure 
would become convex.  

 

ANSWER:  

 

ALGEBRA Graph the reflection of each 
function in the given line. Then write the 
equation of the reflected image. 

41. x-axis 

 

SOLUTION:  
To reflect a point in the x-axis, multiply its y -
coordinate by –1.  
  
To reflect   in the x-axis multiply by –
1.  

 

ANSWER:  

 

42. y-axis 

 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
To reflect  over the y -axis, multiply x 
by –1. The reflected equation will then be 

. 
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Copy the figure and the given line of reflection. 
Then draw the reflected image in this line using
a ruler. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line a. 
Step 2: Measure the distance from point C to the 
line a. Then locate C' the same distance from line a 
on the opposite side.  
Step 3: Repeat Step 2 to locate points D' and F'. 
Then connect the vertices, C', D', and F' to form 
the reflected image.  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point Q to the 
line k. Then locate Q' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points R', S' and 
T'. Then connect the vertices, Q', R', S', and T' to 
form the reflected image.  

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point W to the 
line f . Then locate W' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect the vertices, W', X ', Y' and Z' to 
form the reflected image.  
  

 

ANSWER:  

 

4. SPORTING EVENTS Toru is waiting at a café for 
a friend to bring him a ticket to a sold-out sporting 
event. At what point P along the street should the 
friend try to stop his car to minimize the distance 
Toru will have to walk from the café, to the car, and 
then to the arena entrance? Draw a diagram. 

 

SOLUTION:  
 You are asked to locate a point P on line se such 
that cP + Pe has the least possible value. 
 
The total distance from s to P and then from P to e 
is least when these three points are collinear. Use 
the reflection of point c over the road to find the 
location for point P. 
  
 Draw c'e (or se).  

 
  
Locate P at the intersection of road and line se . 

 
  
Compare the sum cP + Pe for each case to verify 
that the location found for P minimizes this sum. 

ANSWER:  
Sample answer: 

 

Graph  and its image in the given line.

 
5. y  = –2 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line y  = –2. 
  
Vertex A is 3 units up from y  = –2, locate the point 
3 units down from y  = –2. A ' would be (1, –5). 
Vertex B is on the line y  = –2, so B' would be at the
same point (2, –2). 
Vertex C is 4 units up from y  = –2, locate the point 
4 units down from y  = –2. C' would be (7, –6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  
  

 

ANSWER:  

 

6. x = 3 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line x = 3. 
  
Vertex A is 2 units left from x = 3, locate the point 
2 units right from x = 3. A ' would be at (5, 1). 
Vertex B is 1 unit left from  x = 3, locate the point 1
unit right from x = 3. B' would be at (4, –2). 
Vertex C is 4 units right from x = 3, locate the point
4 units left from x = 3. C' would be at (–1, 2). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

Graph each figure and its image under the given
reflection. 

7.  with vertices X(0, 4), Y(–3, 4), and Z(–4, –1) 
in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 
X(0, 4) → X'(0, 4) 
Y(–3, 4) → Y'(3, 4) 
Z(–4, –1) →Z'(4, –1) 
  
Plot the points. Then connect the vertices, X ', Y', 
and Z' to form the reflected image. 
  

 

ANSWER:  

 

8.  QRST with vertices Q(–1, 4), R(4, 4), S(3, 1), and
T(–2, 1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

Q(–1, 4) → Q'(–1, –4) 

R(4, 4) → R'(4, –4) 

S(3, 1) →S'(3, –1) 

T(–2, 1) →T'(–2, –1) 
  
Plot the points. Then connect the vertices, Q', R', S',
and T' to form the reflected image. 
  

 

ANSWER:  

 

9. Given quadrilaterals J(–3, 1), K(–1, 3), L(1, 3), and M
(–3, –1) and its image J'(1, –3), K'(3, –1), L'(3, 1), 
and M'(–1, –3), describe the transformation using 
coordinate notation.  

SOLUTION:  
Plot the points for the preimage and the image. 
  

 
The transformation sends each vertex as follows.
  
J(–3, 1) →  J'(1, –3) 

K(–1, 3) →  K'(3, –1) 

L(1, 3) → L'(3, 1) 

M(–3, –1)  → M'(–1, –3) 
  
That means that (x, y ) → (y , x). 
  
This is the result of a reflection over the y = x .  

ANSWER:  
(x, y ) → (y , x); reflection in the y = x .  

TOOLS Copy the figure and the given line of 
reflection. Then draw the reflected image in this
line using a ruler. 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point X  to the 
line k. Then locate X ' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect the vertices, X ', Y', and Z' to form the 
reflected image.  

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line s. 
Step 2: Measure the distance from point J to the 
line s. Then locate J' the same distance from line s 
on the opposite side.  
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect the vertices J', K', L', and M' to 
form the reflected image.  

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line c. 
Step 2: Measure the distance from point E to the 
line c. Then locate E' the same distance from line c 
on the opposite side.  
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect the vertices, E', F', G' and H' to 
form the reflected image.  

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line t. 
Step 2: Measure the distance from point A  to the 
line t. Then locate A ' the same distance from line t 
on the opposite side.  
Step 3: Repeat Step 2 to locate points B', C' and 
D'. Then connect the vertices, A ', B', C' and D' to 
form the reflected image.  

 

ANSWER:  

 

14.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line w. 
Step 2: Measure the distance from point P to the 
line w. Then locate P' the same distance from line w
on the opposite side.  
Step 3: Repeat Step 2 to locate points Q', R', S', 
T,' and U'. Then connect the vertices P', Q', R', S', 
T', and U' to form the reflected image.  

 

ANSWER:  

 

15.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point V to the 
line f . Then locate V' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect the vertices, V', W', X ', Y' and
Z' to form the reflected image.  

 

ANSWER:  

 

SPORTS When a ball is rolled or struck without
spin against a wall, it bounces off the wall and 
travels in a ray that is the reflected image of the
path of the ball if it had gone straight through 
the wall. Use this information in Exercises 16 
and 17. 

 
16. BILLIARDS Tadeo is playing billiards. He wants to

strike the eight ball with the cue ball so that the eight 
ball bounces off the rail and rolls into the indicated 
pocket. If the eight ball moves with no spin, draw a 
diagram showing the exact point P along the right rail
where the eight ball should hit after being struck by 
the cue ball. 

 

SOLUTION:  
We want to determine where the 8 ball should hit the
rail so that it goes into the side pocket. To do this, we
will need to locate a point P on the rail of the table 
such that P is collinear with the side pocket and the 
reflection of the 8 ball.  
  
Step 1: Locate the reflection of the 8 ball. The rail 
(red line) is equidistant from the 8 ball and the 
reflection. 

 
Step 2: Draw a line from the side pocket to the 
reflection. We now know the line along which the 8 
ball should travel in order to go into the side pocket. 

 
The intersection of the red and blue lines is the 
location of point P. The distance from P to the 8 ball 
and from P to the reflection are equal. 

 

ANSWER:  

 

17. INDOOR SOCCER Abby is playing indoor soccer,
and she wants to hit the ball to point C, but must 
avoid an opposing player at point B. She decides to 
hit the ball at point A so that it bounces off the side 
wall. Draw a diagram that shows the exact point 
along the top wall for which Abby should aim. 

 

SOLUTION:  
You are asked to locate a point P on line k such 
that cP + A'P  has the least possible value. 
 
The total distance from c to P and then from A ' to P
is least when these three points are collinear. Use 
the reflection of point A  in line k to find the location 
for point P. 
  
Draw A 'c . Locate P at the intersection of line k and
line A 'c. 
  
Compare the sum cP + A'P  for each case to verify 
that the location found for P minimizes this sum 

 

ANSWER:  

 

Graph each figure and its image in the given 
line. 

 

 

 
18.  y  = 3 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line y  =
3. 
  
Draw y  = 3. 
  
Vertex A is 5 units up from y  = 3, locate the point 5
units down from y  = 3. A ' would be (–5, –2). 
Vertex B is 2 units up from the y  = 3,  locate the 
point 2 units down from y  = 3. B' would be (–1, 1). 
Vertex C is 3 units down from y  = 3, locate the 
point 3 units up from y  = 3. C' would be (–4, 6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

19.  x = –1 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line x =
–1. 
  
Draw x = –1. 
  
Vertex A is 4 units left from x = –1, locate the point
4 units right from x = –1. A ' would be (3, 8). 
Vertex B is on the line x = –1,  so B' would be (–1, 
5). 
Vertex C is 3 units left from x = –1, locate the point
3 units right from x = –1. C' would be (2, 0). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

20. JKLM; x = 1 

SOLUTION:  
J is (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line x = 1. 
  
Draw the line x = 1. 
  
Vertex J is at 2 units right from x = 1, locate the 
point 2 units left from x = 1. J' would be (–1, 8). 
Vertex K is 5 units right from x = 1, locate the point
5 units left from x = 1. K' would be (–4, 8). 
Vertex L is 5 units right from x = 1, locate the point 
5 units left from x = 1. L' would be (–4, 5). 
Vertex M is on x = 1, so M' would be (1, 2). 
  
Then connect the vertices, J', K', L', and M' to form
the reflected image. 

 

ANSWER:  

 

21. JKLM; y  = 4 

SOLUTION:  
J is at (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line y  = 4. 
  
Draw the line y  = 4. 
  
Vertex J is 4 units up from y  = 4, locate the point 4 
units down from y  = 4. J' would be (3, 0). 
Vertex K is 4 units up from y  = 4, locate the point 4
units down from y  = 4. K' would be (6, 0). 
Vertex L is 1 unit up from y  = 4, locate the point 1 
unit down from y  = 4. L' would be (6, 3). 
Vertex M is 2 units down from y  = 4, locate the 
point 2 units up from y  = 4. M' would be (1, 6). 
  
Then connect the vertices J', K', L', and M' to form 
the reflected image. 

 

ANSWER:  

 

22. WXYZ; y  = –4 

SOLUTION:  
W is at (–2, –2), X  is at (6, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line y  = –4. 
  
Draw the line y  = –4. 
  
Vertex W is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. W' would be (–2, –6). 
Vertex X is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. X ' would be (6, –6). 
Vertex Y is 1 unit down from y  = –4, locate the 
point 1 unit up from y  = –4. Y' would be (4, –3). 
Vertex Z is 3 units down from y  = –4, locate the 
point 3 units up from y  = –4. Z' would be (0, –1). 
  
Then connect the vertices W', X ', Y', and Z' to form 
the reflected image. 
  

 

ANSWER:  

 

23. WXYZ; x = –2 

SOLUTION:  
W is at (–2, –2), X  is at (5, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line x = –2. 
  
Draw the line x = –2. 
  
Vertex W is on x = –2, so W' would be (–2, –2). 
Vertex X is 7 units right from x = –2, locate the 
point 7 units left from x = –2. X ' would be (–9, –2).
Vertex Y is 6 units right from x = –2, locate the 
point 6 units left from x = –2. Y' would be (–8, –5). 
Vertex Z is 2 units right from x = –2, locate the 
point 2 units left from x = –2. Z' would be (–4, –7).
  
Then connect the vertices, W', X ', Y', and Z' to form
the reflected image. 
  

 

ANSWER:  

 

STRUCTURE  Graph each figure and its image 
under the given reflection. 

24. rectangle ABCD with vertices A(–5, 2), B(1, 2), C(1, 
–1), and D(–5, –1) in the line y  = –2 

SOLUTION:  
To reflect over the line  y  = –2, subtract from the y -
coordinate the distance from the y  = –2 line.  
  
(x, y ) → (x, y – distance from y = –2 ) 

A(–5, 2) → Distance: +4, A'(–5, –6) 

B(1, 2) → Distance: +4, B'(1, –6) 

C(1, –1) → Distance: +1, C'(1, –3), 

D(–5, –1) →Distance: +1, D'(–5, –3) 
  
Plot the points. Then connect the vertices, A ', B', 
C', and D' to form the reflected image. 

 

ANSWER:  

 

25. square JKLM  with vertices J(–4, 6), K(0, 6), L(0, 2),
and M (–4, 2) in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 

J(–4, 6) → J'(4, 6) 

K(0, 6), → K'(0, 6) 

L(0, 2) → L'(0, 2) 

M(–4, 2)  → M'(4, 2) 
  
Plot the points. Then connect the vertices, J, K', 
L',and M' to form the reflected image. 

 

ANSWER:  

 

26.  with vertices F(–3, 2), G(–4, –1), and H(–6, 
–1) in the line y  = x 

SOLUTION:  
To reflect over line y  = x, interchange the x- and  y -
coordinates.  
  
(x, y ) → (y, x)  

 F(–3, 2), →   F'(2, –3) 

G(–4, –1) → G'(–1, –4) 

H(–6, –1) → H'(–1, –6) 
  
Plot the points. Then connect the vertices, F', G', 
and H' to form the reflected image. 
  

 

ANSWER:  

 

27.  with vertices W(2, 3), X(7, 3), Y(6, –1), and 

Z(1, –1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

W(2, 3) →  W'(2, –3) 

X(7, 3) → X'(7, –3), 

Y(6, –1) → Y'(6, 1) 

Z(1, –1) →  Z'(1, 1) 
  
Plot the points. Then connect the vertices, W', X ', 
Y',and Z' to form the reflected image. 
  

 

ANSWER:  

 

Given each figure and image, describe the 
transformation using coordinate notation. 

28. P(–1, 4), Q(2, 4), R(1, –1), and S(–1, –1) and P'(1, 
4), Q'(–2, 4), R'(–1, –1), and S'(1, –1)  

SOLUTION:  
Plot the points for the figure and its image.  

 
Compare the coordinates. 
  
P(–1, 4) →  P'(1, 4) 

Q(2, 4) → Q'(–2, 4) 

R(1, –1) → R'(–1, –1) 

S(–1, –1) →  S'(1, –1) 

To get from the figure to its image each (x, y ) → (–
x, y ). 
This means a reflection in the y -axis.  

ANSWER:  
(x, y ) → (–x, y ); reflection in the y -axis 

29. S(–3, –2), T(–2, 3), and U(2, 2) and S'(–2, –3), T'(3, 
–2), and U'(2, 2) 

SOLUTION:  
Plot the points for the figure and its image.  
  

 
  
Compare the coordinates. 
  
S(–3, –2) → S'(–2 –3) 

T(–2, 3) → T'(3, –2) 

U(2, 2) → U'(2, 2) 
Each vertex is transformed by (x, y ) → (y , x). 
This is a reflection in the line y  = x, interchange the 
x- and  y -coordinates.  

ANSWER:  
(x, y ) → (y , x); reflection in the line y  = x 

Each figure shows a preimage and its reflected 
image in some line. Copy each figure and draw 
the line of reflection. 

30.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

31.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  

 

ANSWER:  

 

32.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

CONSTRUCTION To construct the reflection 
of a figure in a line using only a compass and a 
straightedge, 
you can use: 
• the construction of a line perpendicular to a 
given line through a point not on the line 
(Lesson 1-5), and 
• the construction of a segment congruent to a 
given segment (Lesson 1-2). 

 
TOOLS  Copy each figure and the given line of 
reflection. Then construct the reflected image. 

33.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at B 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from B to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
A and C. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

34.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at K 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from K to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
J and L. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
  
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

35. ARCHITECTURE Refer to the photo of the 
building on page 227.  
a. Identify the line of reflection.  
b. Identify the preimage/image pairs. Assume that 
architectural features on the left-hand side of the 
picture represent the preimages. 

SOLUTION:  

a. is the line of reflection because each point to
its left matches a point to its right.  
b. A and C, D and F,  and ,  and .  

ANSWER:  

a.  

b. A and C, D and F,  and ,  and .  

ALGEBRA Graph the line y  = 2x – 3 and its 
reflected image in the given line. What is the 
equation of the reflected image? 

36. x-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the x-axis, the x-intercept will 
be the same in the reflection. Use the y-intercept to 
find a second point on the reflected line. Since the y-
intercept is –3,  the y-intercept of the reflected line 
will be 3.  
  
Use (1.5, 0) and (0, 3) to write an equation for the 
reflected line.  
  

 
  

 
  

 

ANSWER:  

 

37. y-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y-axis, the y-intercept will 
be the same in the reflection. Use the x-intercept to 
find a second point on the reflected line. Since the x-
intercept is 1.5,  the x-intercept of the reflected line 
will be –1.5.  
  
Use (–1.5, 0) and (0, –3) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

38. y  = x 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y = x line, the x- and y-
coordinates are switched. Switch the coordinates for 
the intercepts.  The y-intercept is (0, –3), so x-
intercept of the reflected line would be (–3, 0). The 
x-intercept is (1.5, 0), so y-intercept of the reflected 
line would be (0, 1.5) 
  
Use (0, 1.5) and (–3, 0) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

39. Reflect  shown below in the line y  = 3x. 

 

SOLUTION:  
Each vertex and its image will be equidistant from y  
= 3x. To estimate the placement of the images of 
each vertex, first find the equation of the lines 
perpendicular to y  = 3x that pass through each 

vertex. Each of these lines will have the slope , 

which is the negative reciprocal of the slope in y  = 
3x. 
  
Vertex C(-3, 6) 

 
Graph this line. Use a ruler to find the distance 
between C(-3, 6) and the point of intersection with 
the line of reflection. Mark C' an equal distance 
along this line. 
  
Vertex D(-1, 1) 

 
Graph this line. Use a ruler to find the distance 
between D(-1, 1) and the point of intersection with 
the line of reflection. Mark D' an equal distance 
along this line. 
  
Vertex E(3, 5) 

 
Graph this line. Use a ruler to find the distance 
between E(3, 5) and the point of intersection with 
the line of reflection. Mark E' an equal distance 
along this line. 
Connect the vertices, C', D', and E' to form the 
reflected image. 

 
  

 

ANSWER:  

 

40. Relocate vertex C so that ABCDE is convex, and all 
sides remain the same length. 

 

SOLUTION:  
If you reflect vertex C over the BD line, the figure 
would become convex.  

 

ANSWER:  

 

ALGEBRA Graph the reflection of each 
function in the given line. Then write the 
equation of the reflected image. 

41. x-axis 

 

SOLUTION:  
To reflect a point in the x-axis, multiply its y -
coordinate by –1.  
  
To reflect   in the x-axis multiply by –
1.  

 

ANSWER:  

 

42. y-axis 

 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
To reflect  over the y -axis, multiply x 
by –1. The reflected equation will then be 

. 

  
  

 

Copy the figure and the given line of reflection. 
Then draw the reflected image in this line using
a ruler. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line a. 
Step 2: Measure the distance from point C to the 
line a. Then locate C' the same distance from line a 
on the opposite side.  
Step 3: Repeat Step 2 to locate points D' and F'. 
Then connect the vertices, C', D', and F' to form 
the reflected image.  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point Q to the 
line k. Then locate Q' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points R', S' and 
T'. Then connect the vertices, Q', R', S', and T' to 
form the reflected image.  

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point W to the 
line f . Then locate W' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect the vertices, W', X ', Y' and Z' to 
form the reflected image.  
  

 

ANSWER:  

 

4. SPORTING EVENTS Toru is waiting at a café for 
a friend to bring him a ticket to a sold-out sporting 
event. At what point P along the street should the 
friend try to stop his car to minimize the distance 
Toru will have to walk from the café, to the car, and 
then to the arena entrance? Draw a diagram. 

 

SOLUTION:  
 You are asked to locate a point P on line se such 
that cP + Pe has the least possible value. 
 
The total distance from s to P and then from P to e 
is least when these three points are collinear. Use 
the reflection of point c over the road to find the 
location for point P. 
  
 Draw c'e (or se).  

 
  
Locate P at the intersection of road and line se . 

 
  
Compare the sum cP + Pe for each case to verify 
that the location found for P minimizes this sum. 

ANSWER:  
Sample answer: 

 

Graph  and its image in the given line.

 
5. y  = –2 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line y  = –2. 
  
Vertex A is 3 units up from y  = –2, locate the point 
3 units down from y  = –2. A ' would be (1, –5). 
Vertex B is on the line y  = –2, so B' would be at the
same point (2, –2). 
Vertex C is 4 units up from y  = –2, locate the point 
4 units down from y  = –2. C' would be (7, –6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  
  

 

ANSWER:  

 

6. x = 3 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line x = 3. 
  
Vertex A is 2 units left from x = 3, locate the point 
2 units right from x = 3. A ' would be at (5, 1). 
Vertex B is 1 unit left from  x = 3, locate the point 1
unit right from x = 3. B' would be at (4, –2). 
Vertex C is 4 units right from x = 3, locate the point
4 units left from x = 3. C' would be at (–1, 2). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

Graph each figure and its image under the given
reflection. 

7.  with vertices X(0, 4), Y(–3, 4), and Z(–4, –1) 
in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 
X(0, 4) → X'(0, 4) 
Y(–3, 4) → Y'(3, 4) 
Z(–4, –1) →Z'(4, –1) 
  
Plot the points. Then connect the vertices, X ', Y', 
and Z' to form the reflected image. 
  

 

ANSWER:  

 

8.  QRST with vertices Q(–1, 4), R(4, 4), S(3, 1), and
T(–2, 1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

Q(–1, 4) → Q'(–1, –4) 

R(4, 4) → R'(4, –4) 

S(3, 1) →S'(3, –1) 

T(–2, 1) →T'(–2, –1) 
  
Plot the points. Then connect the vertices, Q', R', S',
and T' to form the reflected image. 
  

 

ANSWER:  

 

9. Given quadrilaterals J(–3, 1), K(–1, 3), L(1, 3), and M
(–3, –1) and its image J'(1, –3), K'(3, –1), L'(3, 1), 
and M'(–1, –3), describe the transformation using 
coordinate notation.  

SOLUTION:  
Plot the points for the preimage and the image. 
  

 
The transformation sends each vertex as follows.
  
J(–3, 1) →  J'(1, –3) 

K(–1, 3) →  K'(3, –1) 

L(1, 3) → L'(3, 1) 

M(–3, –1)  → M'(–1, –3) 
  
That means that (x, y ) → (y , x). 
  
This is the result of a reflection over the y = x .  

ANSWER:  
(x, y ) → (y , x); reflection in the y = x .  

TOOLS Copy the figure and the given line of 
reflection. Then draw the reflected image in this
line using a ruler. 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point X  to the 
line k. Then locate X ' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect the vertices, X ', Y', and Z' to form the 
reflected image.  

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line s. 
Step 2: Measure the distance from point J to the 
line s. Then locate J' the same distance from line s 
on the opposite side.  
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect the vertices J', K', L', and M' to 
form the reflected image.  

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line c. 
Step 2: Measure the distance from point E to the 
line c. Then locate E' the same distance from line c 
on the opposite side.  
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect the vertices, E', F', G' and H' to 
form the reflected image.  

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line t. 
Step 2: Measure the distance from point A  to the 
line t. Then locate A ' the same distance from line t 
on the opposite side.  
Step 3: Repeat Step 2 to locate points B', C' and 
D'. Then connect the vertices, A ', B', C' and D' to 
form the reflected image.  

 

ANSWER:  

 

14.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line w. 
Step 2: Measure the distance from point P to the 
line w. Then locate P' the same distance from line w
on the opposite side.  
Step 3: Repeat Step 2 to locate points Q', R', S', 
T,' and U'. Then connect the vertices P', Q', R', S', 
T', and U' to form the reflected image.  

 

ANSWER:  

 

15.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point V to the 
line f . Then locate V' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect the vertices, V', W', X ', Y' and
Z' to form the reflected image.  

 

ANSWER:  

 

SPORTS When a ball is rolled or struck without
spin against a wall, it bounces off the wall and 
travels in a ray that is the reflected image of the
path of the ball if it had gone straight through 
the wall. Use this information in Exercises 16 
and 17. 

 
16. BILLIARDS Tadeo is playing billiards. He wants to

strike the eight ball with the cue ball so that the eight 
ball bounces off the rail and rolls into the indicated 
pocket. If the eight ball moves with no spin, draw a 
diagram showing the exact point P along the right rail
where the eight ball should hit after being struck by 
the cue ball. 

 

SOLUTION:  
We want to determine where the 8 ball should hit the
rail so that it goes into the side pocket. To do this, we
will need to locate a point P on the rail of the table 
such that P is collinear with the side pocket and the 
reflection of the 8 ball.  
  
Step 1: Locate the reflection of the 8 ball. The rail 
(red line) is equidistant from the 8 ball and the 
reflection. 

 
Step 2: Draw a line from the side pocket to the 
reflection. We now know the line along which the 8 
ball should travel in order to go into the side pocket. 

 
The intersection of the red and blue lines is the 
location of point P. The distance from P to the 8 ball 
and from P to the reflection are equal. 

 

ANSWER:  

 

17. INDOOR SOCCER Abby is playing indoor soccer,
and she wants to hit the ball to point C, but must 
avoid an opposing player at point B. She decides to 
hit the ball at point A so that it bounces off the side 
wall. Draw a diagram that shows the exact point 
along the top wall for which Abby should aim. 

 

SOLUTION:  
You are asked to locate a point P on line k such 
that cP + A'P  has the least possible value. 
 
The total distance from c to P and then from A ' to P
is least when these three points are collinear. Use 
the reflection of point A  in line k to find the location 
for point P. 
  
Draw A 'c . Locate P at the intersection of line k and
line A 'c. 
  
Compare the sum cP + A'P  for each case to verify 
that the location found for P minimizes this sum 

 

ANSWER:  

 

Graph each figure and its image in the given 
line. 

 

 

 
18.  y  = 3 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line y  =
3. 
  
Draw y  = 3. 
  
Vertex A is 5 units up from y  = 3, locate the point 5
units down from y  = 3. A ' would be (–5, –2). 
Vertex B is 2 units up from the y  = 3,  locate the 
point 2 units down from y  = 3. B' would be (–1, 1). 
Vertex C is 3 units down from y  = 3, locate the 
point 3 units up from y  = 3. C' would be (–4, 6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

19.  x = –1 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line x =
–1. 
  
Draw x = –1. 
  
Vertex A is 4 units left from x = –1, locate the point
4 units right from x = –1. A ' would be (3, 8). 
Vertex B is on the line x = –1,  so B' would be (–1, 
5). 
Vertex C is 3 units left from x = –1, locate the point
3 units right from x = –1. C' would be (2, 0). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

20. JKLM; x = 1 

SOLUTION:  
J is (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line x = 1. 
  
Draw the line x = 1. 
  
Vertex J is at 2 units right from x = 1, locate the 
point 2 units left from x = 1. J' would be (–1, 8). 
Vertex K is 5 units right from x = 1, locate the point
5 units left from x = 1. K' would be (–4, 8). 
Vertex L is 5 units right from x = 1, locate the point 
5 units left from x = 1. L' would be (–4, 5). 
Vertex M is on x = 1, so M' would be (1, 2). 
  
Then connect the vertices, J', K', L', and M' to form
the reflected image. 

 

ANSWER:  

 

21. JKLM; y  = 4 

SOLUTION:  
J is at (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line y  = 4. 
  
Draw the line y  = 4. 
  
Vertex J is 4 units up from y  = 4, locate the point 4 
units down from y  = 4. J' would be (3, 0). 
Vertex K is 4 units up from y  = 4, locate the point 4
units down from y  = 4. K' would be (6, 0). 
Vertex L is 1 unit up from y  = 4, locate the point 1 
unit down from y  = 4. L' would be (6, 3). 
Vertex M is 2 units down from y  = 4, locate the 
point 2 units up from y  = 4. M' would be (1, 6). 
  
Then connect the vertices J', K', L', and M' to form 
the reflected image. 

 

ANSWER:  

 

22. WXYZ; y  = –4 

SOLUTION:  
W is at (–2, –2), X  is at (6, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line y  = –4. 
  
Draw the line y  = –4. 
  
Vertex W is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. W' would be (–2, –6). 
Vertex X is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. X ' would be (6, –6). 
Vertex Y is 1 unit down from y  = –4, locate the 
point 1 unit up from y  = –4. Y' would be (4, –3). 
Vertex Z is 3 units down from y  = –4, locate the 
point 3 units up from y  = –4. Z' would be (0, –1). 
  
Then connect the vertices W', X ', Y', and Z' to form 
the reflected image. 
  

 

ANSWER:  

 

23. WXYZ; x = –2 

SOLUTION:  
W is at (–2, –2), X  is at (5, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line x = –2. 
  
Draw the line x = –2. 
  
Vertex W is on x = –2, so W' would be (–2, –2). 
Vertex X is 7 units right from x = –2, locate the 
point 7 units left from x = –2. X ' would be (–9, –2).
Vertex Y is 6 units right from x = –2, locate the 
point 6 units left from x = –2. Y' would be (–8, –5). 
Vertex Z is 2 units right from x = –2, locate the 
point 2 units left from x = –2. Z' would be (–4, –7).
  
Then connect the vertices, W', X ', Y', and Z' to form
the reflected image. 
  

 

ANSWER:  

 

STRUCTURE  Graph each figure and its image 
under the given reflection. 

24. rectangle ABCD with vertices A(–5, 2), B(1, 2), C(1, 
–1), and D(–5, –1) in the line y  = –2 

SOLUTION:  
To reflect over the line  y  = –2, subtract from the y -
coordinate the distance from the y  = –2 line.  
  
(x, y ) → (x, y – distance from y = –2 ) 

A(–5, 2) → Distance: +4, A'(–5, –6) 

B(1, 2) → Distance: +4, B'(1, –6) 

C(1, –1) → Distance: +1, C'(1, –3), 

D(–5, –1) →Distance: +1, D'(–5, –3) 
  
Plot the points. Then connect the vertices, A ', B', 
C', and D' to form the reflected image. 

 

ANSWER:  

 

25. square JKLM  with vertices J(–4, 6), K(0, 6), L(0, 2),
and M (–4, 2) in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 

J(–4, 6) → J'(4, 6) 

K(0, 6), → K'(0, 6) 

L(0, 2) → L'(0, 2) 

M(–4, 2)  → M'(4, 2) 
  
Plot the points. Then connect the vertices, J, K', 
L',and M' to form the reflected image. 

 

ANSWER:  

 

26.  with vertices F(–3, 2), G(–4, –1), and H(–6, 
–1) in the line y  = x 

SOLUTION:  
To reflect over line y  = x, interchange the x- and  y -
coordinates.  
  
(x, y ) → (y, x)  

 F(–3, 2), →   F'(2, –3) 

G(–4, –1) → G'(–1, –4) 

H(–6, –1) → H'(–1, –6) 
  
Plot the points. Then connect the vertices, F', G', 
and H' to form the reflected image. 
  

 

ANSWER:  

 

27.  with vertices W(2, 3), X(7, 3), Y(6, –1), and 

Z(1, –1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

W(2, 3) →  W'(2, –3) 

X(7, 3) → X'(7, –3), 

Y(6, –1) → Y'(6, 1) 

Z(1, –1) →  Z'(1, 1) 
  
Plot the points. Then connect the vertices, W', X ', 
Y',and Z' to form the reflected image. 
  

 

ANSWER:  

 

Given each figure and image, describe the 
transformation using coordinate notation. 

28. P(–1, 4), Q(2, 4), R(1, –1), and S(–1, –1) and P'(1, 
4), Q'(–2, 4), R'(–1, –1), and S'(1, –1)  

SOLUTION:  
Plot the points for the figure and its image.  

 
Compare the coordinates. 
  
P(–1, 4) →  P'(1, 4) 

Q(2, 4) → Q'(–2, 4) 

R(1, –1) → R'(–1, –1) 

S(–1, –1) →  S'(1, –1) 

To get from the figure to its image each (x, y ) → (–
x, y ). 
This means a reflection in the y -axis.  

ANSWER:  
(x, y ) → (–x, y ); reflection in the y -axis 

29. S(–3, –2), T(–2, 3), and U(2, 2) and S'(–2, –3), T'(3, 
–2), and U'(2, 2) 

SOLUTION:  
Plot the points for the figure and its image.  
  

 
  
Compare the coordinates. 
  
S(–3, –2) → S'(–2 –3) 

T(–2, 3) → T'(3, –2) 

U(2, 2) → U'(2, 2) 
Each vertex is transformed by (x, y ) → (y , x). 
This is a reflection in the line y  = x, interchange the 
x- and  y -coordinates.  

ANSWER:  
(x, y ) → (y , x); reflection in the line y  = x 

Each figure shows a preimage and its reflected 
image in some line. Copy each figure and draw 
the line of reflection. 

30.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

31.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  

 

ANSWER:  

 

32.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

CONSTRUCTION To construct the reflection 
of a figure in a line using only a compass and a 
straightedge, 
you can use: 
• the construction of a line perpendicular to a 
given line through a point not on the line 
(Lesson 1-5), and 
• the construction of a segment congruent to a 
given segment (Lesson 1-2). 

 
TOOLS  Copy each figure and the given line of 
reflection. Then construct the reflected image. 

33.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at B 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from B to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
A and C. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

34.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at K 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from K to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
J and L. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
  
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

35. ARCHITECTURE Refer to the photo of the 
building on page 227.  
a. Identify the line of reflection.  
b. Identify the preimage/image pairs. Assume that 
architectural features on the left-hand side of the 
picture represent the preimages. 

SOLUTION:  

a. is the line of reflection because each point to
its left matches a point to its right.  
b. A and C, D and F,  and ,  and .  

ANSWER:  

a.  

b. A and C, D and F,  and ,  and .  

ALGEBRA Graph the line y  = 2x – 3 and its 
reflected image in the given line. What is the 
equation of the reflected image? 

36. x-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the x-axis, the x-intercept will 
be the same in the reflection. Use the y-intercept to 
find a second point on the reflected line. Since the y-
intercept is –3,  the y-intercept of the reflected line 
will be 3.  
  
Use (1.5, 0) and (0, 3) to write an equation for the 
reflected line.  
  

 
  

 
  

 

ANSWER:  

 

37. y-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y-axis, the y-intercept will 
be the same in the reflection. Use the x-intercept to 
find a second point on the reflected line. Since the x-
intercept is 1.5,  the x-intercept of the reflected line 
will be –1.5.  
  
Use (–1.5, 0) and (0, –3) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

38. y  = x 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y = x line, the x- and y-
coordinates are switched. Switch the coordinates for 
the intercepts.  The y-intercept is (0, –3), so x-
intercept of the reflected line would be (–3, 0). The 
x-intercept is (1.5, 0), so y-intercept of the reflected 
line would be (0, 1.5) 
  
Use (0, 1.5) and (–3, 0) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

39. Reflect  shown below in the line y  = 3x. 

 

SOLUTION:  
Each vertex and its image will be equidistant from y  
= 3x. To estimate the placement of the images of 
each vertex, first find the equation of the lines 
perpendicular to y  = 3x that pass through each 

vertex. Each of these lines will have the slope , 

which is the negative reciprocal of the slope in y  = 
3x. 
  
Vertex C(-3, 6) 

 
Graph this line. Use a ruler to find the distance 
between C(-3, 6) and the point of intersection with 
the line of reflection. Mark C' an equal distance 
along this line. 
  
Vertex D(-1, 1) 

 
Graph this line. Use a ruler to find the distance 
between D(-1, 1) and the point of intersection with 
the line of reflection. Mark D' an equal distance 
along this line. 
  
Vertex E(3, 5) 

 
Graph this line. Use a ruler to find the distance 
between E(3, 5) and the point of intersection with 
the line of reflection. Mark E' an equal distance 
along this line. 
Connect the vertices, C', D', and E' to form the 
reflected image. 

 
  

 

ANSWER:  

 

40. Relocate vertex C so that ABCDE is convex, and all 
sides remain the same length. 

 

SOLUTION:  
If you reflect vertex C over the BD line, the figure 
would become convex.  

 

ANSWER:  

 

ALGEBRA Graph the reflection of each 
function in the given line. Then write the 
equation of the reflected image. 

41. x-axis 

 

SOLUTION:  
To reflect a point in the x-axis, multiply its y -
coordinate by –1.  
  
To reflect   in the x-axis multiply by –
1.  

 

ANSWER:  

 

42. y-axis 

 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
To reflect  over the y -axis, multiply x 
by –1. The reflected equation will then be 

. 
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Copy the figure and the given line of reflection. 
Then draw the reflected image in this line using
a ruler. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line a. 
Step 2: Measure the distance from point C to the 
line a. Then locate C' the same distance from line a 
on the opposite side.  
Step 3: Repeat Step 2 to locate points D' and F'. 
Then connect the vertices, C', D', and F' to form 
the reflected image.  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point Q to the 
line k. Then locate Q' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points R', S' and 
T'. Then connect the vertices, Q', R', S', and T' to 
form the reflected image.  

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point W to the 
line f . Then locate W' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect the vertices, W', X ', Y' and Z' to 
form the reflected image.  
  

 

ANSWER:  

 

4. SPORTING EVENTS Toru is waiting at a café for 
a friend to bring him a ticket to a sold-out sporting 
event. At what point P along the street should the 
friend try to stop his car to minimize the distance 
Toru will have to walk from the café, to the car, and 
then to the arena entrance? Draw a diagram. 

 

SOLUTION:  
 You are asked to locate a point P on line se such 
that cP + Pe has the least possible value. 
 
The total distance from s to P and then from P to e 
is least when these three points are collinear. Use 
the reflection of point c over the road to find the 
location for point P. 
  
 Draw c'e (or se).  

 
  
Locate P at the intersection of road and line se . 

 
  
Compare the sum cP + Pe for each case to verify 
that the location found for P minimizes this sum. 

ANSWER:  
Sample answer: 

 

Graph  and its image in the given line.

 
5. y  = –2 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line y  = –2. 
  
Vertex A is 3 units up from y  = –2, locate the point 
3 units down from y  = –2. A ' would be (1, –5). 
Vertex B is on the line y  = –2, so B' would be at the
same point (2, –2). 
Vertex C is 4 units up from y  = –2, locate the point 
4 units down from y  = –2. C' would be (7, –6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  
  

 

ANSWER:  

 

6. x = 3 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line x = 3. 
  
Vertex A is 2 units left from x = 3, locate the point 
2 units right from x = 3. A ' would be at (5, 1). 
Vertex B is 1 unit left from  x = 3, locate the point 1
unit right from x = 3. B' would be at (4, –2). 
Vertex C is 4 units right from x = 3, locate the point
4 units left from x = 3. C' would be at (–1, 2). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

Graph each figure and its image under the given
reflection. 

7.  with vertices X(0, 4), Y(–3, 4), and Z(–4, –1) 
in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 
X(0, 4) → X'(0, 4) 
Y(–3, 4) → Y'(3, 4) 
Z(–4, –1) →Z'(4, –1) 
  
Plot the points. Then connect the vertices, X ', Y', 
and Z' to form the reflected image. 
  

 

ANSWER:  

 

8.  QRST with vertices Q(–1, 4), R(4, 4), S(3, 1), and
T(–2, 1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

Q(–1, 4) → Q'(–1, –4) 

R(4, 4) → R'(4, –4) 

S(3, 1) →S'(3, –1) 

T(–2, 1) →T'(–2, –1) 
  
Plot the points. Then connect the vertices, Q', R', S',
and T' to form the reflected image. 
  

 

ANSWER:  

 

9. Given quadrilaterals J(–3, 1), K(–1, 3), L(1, 3), and M
(–3, –1) and its image J'(1, –3), K'(3, –1), L'(3, 1), 
and M'(–1, –3), describe the transformation using 
coordinate notation.  

SOLUTION:  
Plot the points for the preimage and the image. 
  

 
The transformation sends each vertex as follows.
  
J(–3, 1) →  J'(1, –3) 

K(–1, 3) →  K'(3, –1) 

L(1, 3) → L'(3, 1) 

M(–3, –1)  → M'(–1, –3) 
  
That means that (x, y ) → (y , x). 
  
This is the result of a reflection over the y = x .  

ANSWER:  
(x, y ) → (y , x); reflection in the y = x .  

TOOLS Copy the figure and the given line of 
reflection. Then draw the reflected image in this
line using a ruler. 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point X  to the 
line k. Then locate X ' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect the vertices, X ', Y', and Z' to form the 
reflected image.  

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line s. 
Step 2: Measure the distance from point J to the 
line s. Then locate J' the same distance from line s 
on the opposite side.  
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect the vertices J', K', L', and M' to 
form the reflected image.  

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line c. 
Step 2: Measure the distance from point E to the 
line c. Then locate E' the same distance from line c 
on the opposite side.  
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect the vertices, E', F', G' and H' to 
form the reflected image.  

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line t. 
Step 2: Measure the distance from point A  to the 
line t. Then locate A ' the same distance from line t 
on the opposite side.  
Step 3: Repeat Step 2 to locate points B', C' and 
D'. Then connect the vertices, A ', B', C' and D' to 
form the reflected image.  

 

ANSWER:  

 

14.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line w. 
Step 2: Measure the distance from point P to the 
line w. Then locate P' the same distance from line w
on the opposite side.  
Step 3: Repeat Step 2 to locate points Q', R', S', 
T,' and U'. Then connect the vertices P', Q', R', S', 
T', and U' to form the reflected image.  

 

ANSWER:  

 

15.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point V to the 
line f . Then locate V' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect the vertices, V', W', X ', Y' and
Z' to form the reflected image.  

 

ANSWER:  

 

SPORTS When a ball is rolled or struck without
spin against a wall, it bounces off the wall and 
travels in a ray that is the reflected image of the
path of the ball if it had gone straight through 
the wall. Use this information in Exercises 16 
and 17. 

 
16. BILLIARDS Tadeo is playing billiards. He wants to

strike the eight ball with the cue ball so that the eight 
ball bounces off the rail and rolls into the indicated 
pocket. If the eight ball moves with no spin, draw a 
diagram showing the exact point P along the right rail
where the eight ball should hit after being struck by 
the cue ball. 

 

SOLUTION:  
We want to determine where the 8 ball should hit the
rail so that it goes into the side pocket. To do this, we
will need to locate a point P on the rail of the table 
such that P is collinear with the side pocket and the 
reflection of the 8 ball.  
  
Step 1: Locate the reflection of the 8 ball. The rail 
(red line) is equidistant from the 8 ball and the 
reflection. 

 
Step 2: Draw a line from the side pocket to the 
reflection. We now know the line along which the 8 
ball should travel in order to go into the side pocket. 

 
The intersection of the red and blue lines is the 
location of point P. The distance from P to the 8 ball 
and from P to the reflection are equal. 

 

ANSWER:  

 

17. INDOOR SOCCER Abby is playing indoor soccer,
and she wants to hit the ball to point C, but must 
avoid an opposing player at point B. She decides to 
hit the ball at point A so that it bounces off the side 
wall. Draw a diagram that shows the exact point 
along the top wall for which Abby should aim. 

 

SOLUTION:  
You are asked to locate a point P on line k such 
that cP + A'P  has the least possible value. 
 
The total distance from c to P and then from A ' to P
is least when these three points are collinear. Use 
the reflection of point A  in line k to find the location 
for point P. 
  
Draw A 'c . Locate P at the intersection of line k and
line A 'c. 
  
Compare the sum cP + A'P  for each case to verify 
that the location found for P minimizes this sum 

 

ANSWER:  

 

Graph each figure and its image in the given 
line. 

 

 

 
18.  y  = 3 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line y  =
3. 
  
Draw y  = 3. 
  
Vertex A is 5 units up from y  = 3, locate the point 5
units down from y  = 3. A ' would be (–5, –2). 
Vertex B is 2 units up from the y  = 3,  locate the 
point 2 units down from y  = 3. B' would be (–1, 1). 
Vertex C is 3 units down from y  = 3, locate the 
point 3 units up from y  = 3. C' would be (–4, 6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

19.  x = –1 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line x =
–1. 
  
Draw x = –1. 
  
Vertex A is 4 units left from x = –1, locate the point
4 units right from x = –1. A ' would be (3, 8). 
Vertex B is on the line x = –1,  so B' would be (–1, 
5). 
Vertex C is 3 units left from x = –1, locate the point
3 units right from x = –1. C' would be (2, 0). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

20. JKLM; x = 1 

SOLUTION:  
J is (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line x = 1. 
  
Draw the line x = 1. 
  
Vertex J is at 2 units right from x = 1, locate the 
point 2 units left from x = 1. J' would be (–1, 8). 
Vertex K is 5 units right from x = 1, locate the point
5 units left from x = 1. K' would be (–4, 8). 
Vertex L is 5 units right from x = 1, locate the point 
5 units left from x = 1. L' would be (–4, 5). 
Vertex M is on x = 1, so M' would be (1, 2). 
  
Then connect the vertices, J', K', L', and M' to form
the reflected image. 

 

ANSWER:  

 

21. JKLM; y  = 4 

SOLUTION:  
J is at (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line y  = 4. 
  
Draw the line y  = 4. 
  
Vertex J is 4 units up from y  = 4, locate the point 4 
units down from y  = 4. J' would be (3, 0). 
Vertex K is 4 units up from y  = 4, locate the point 4
units down from y  = 4. K' would be (6, 0). 
Vertex L is 1 unit up from y  = 4, locate the point 1 
unit down from y  = 4. L' would be (6, 3). 
Vertex M is 2 units down from y  = 4, locate the 
point 2 units up from y  = 4. M' would be (1, 6). 
  
Then connect the vertices J', K', L', and M' to form 
the reflected image. 

 

ANSWER:  

 

22. WXYZ; y  = –4 

SOLUTION:  
W is at (–2, –2), X  is at (6, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line y  = –4. 
  
Draw the line y  = –4. 
  
Vertex W is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. W' would be (–2, –6). 
Vertex X is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. X ' would be (6, –6). 
Vertex Y is 1 unit down from y  = –4, locate the 
point 1 unit up from y  = –4. Y' would be (4, –3). 
Vertex Z is 3 units down from y  = –4, locate the 
point 3 units up from y  = –4. Z' would be (0, –1). 
  
Then connect the vertices W', X ', Y', and Z' to form 
the reflected image. 
  

 

ANSWER:  

 

23. WXYZ; x = –2 

SOLUTION:  
W is at (–2, –2), X  is at (5, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line x = –2. 
  
Draw the line x = –2. 
  
Vertex W is on x = –2, so W' would be (–2, –2). 
Vertex X is 7 units right from x = –2, locate the 
point 7 units left from x = –2. X ' would be (–9, –2).
Vertex Y is 6 units right from x = –2, locate the 
point 6 units left from x = –2. Y' would be (–8, –5). 
Vertex Z is 2 units right from x = –2, locate the 
point 2 units left from x = –2. Z' would be (–4, –7).
  
Then connect the vertices, W', X ', Y', and Z' to form
the reflected image. 
  

 

ANSWER:  

 

STRUCTURE  Graph each figure and its image 
under the given reflection. 

24. rectangle ABCD with vertices A(–5, 2), B(1, 2), C(1, 
–1), and D(–5, –1) in the line y  = –2 

SOLUTION:  
To reflect over the line  y  = –2, subtract from the y -
coordinate the distance from the y  = –2 line.  
  
(x, y ) → (x, y – distance from y = –2 ) 

A(–5, 2) → Distance: +4, A'(–5, –6) 

B(1, 2) → Distance: +4, B'(1, –6) 

C(1, –1) → Distance: +1, C'(1, –3), 

D(–5, –1) →Distance: +1, D'(–5, –3) 
  
Plot the points. Then connect the vertices, A ', B', 
C', and D' to form the reflected image. 

 

ANSWER:  

 

25. square JKLM  with vertices J(–4, 6), K(0, 6), L(0, 2),
and M (–4, 2) in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 

J(–4, 6) → J'(4, 6) 

K(0, 6), → K'(0, 6) 

L(0, 2) → L'(0, 2) 

M(–4, 2)  → M'(4, 2) 
  
Plot the points. Then connect the vertices, J, K', 
L',and M' to form the reflected image. 

 

ANSWER:  

 

26.  with vertices F(–3, 2), G(–4, –1), and H(–6, 
–1) in the line y  = x 

SOLUTION:  
To reflect over line y  = x, interchange the x- and  y -
coordinates.  
  
(x, y ) → (y, x)  

 F(–3, 2), →   F'(2, –3) 

G(–4, –1) → G'(–1, –4) 

H(–6, –1) → H'(–1, –6) 
  
Plot the points. Then connect the vertices, F', G', 
and H' to form the reflected image. 
  

 

ANSWER:  

 

27.  with vertices W(2, 3), X(7, 3), Y(6, –1), and 

Z(1, –1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

W(2, 3) →  W'(2, –3) 

X(7, 3) → X'(7, –3), 

Y(6, –1) → Y'(6, 1) 

Z(1, –1) →  Z'(1, 1) 
  
Plot the points. Then connect the vertices, W', X ', 
Y',and Z' to form the reflected image. 
  

 

ANSWER:  

 

Given each figure and image, describe the 
transformation using coordinate notation. 

28. P(–1, 4), Q(2, 4), R(1, –1), and S(–1, –1) and P'(1, 
4), Q'(–2, 4), R'(–1, –1), and S'(1, –1)  

SOLUTION:  
Plot the points for the figure and its image.  

 
Compare the coordinates. 
  
P(–1, 4) →  P'(1, 4) 

Q(2, 4) → Q'(–2, 4) 

R(1, –1) → R'(–1, –1) 

S(–1, –1) →  S'(1, –1) 

To get from the figure to its image each (x, y ) → (–
x, y ). 
This means a reflection in the y -axis.  

ANSWER:  
(x, y ) → (–x, y ); reflection in the y -axis 

29. S(–3, –2), T(–2, 3), and U(2, 2) and S'(–2, –3), T'(3, 
–2), and U'(2, 2) 

SOLUTION:  
Plot the points for the figure and its image.  
  

 
  
Compare the coordinates. 
  
S(–3, –2) → S'(–2 –3) 

T(–2, 3) → T'(3, –2) 

U(2, 2) → U'(2, 2) 
Each vertex is transformed by (x, y ) → (y , x). 
This is a reflection in the line y  = x, interchange the 
x- and  y -coordinates.  

ANSWER:  
(x, y ) → (y , x); reflection in the line y  = x 

Each figure shows a preimage and its reflected 
image in some line. Copy each figure and draw 
the line of reflection. 

30.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

31.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  

 

ANSWER:  

 

32.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

CONSTRUCTION To construct the reflection 
of a figure in a line using only a compass and a 
straightedge, 
you can use: 
• the construction of a line perpendicular to a 
given line through a point not on the line 
(Lesson 1-5), and 
• the construction of a segment congruent to a 
given segment (Lesson 1-2). 

 
TOOLS  Copy each figure and the given line of 
reflection. Then construct the reflected image. 

33.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at B 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from B to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
A and C. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

34.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at K 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from K to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
J and L. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
  
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

35. ARCHITECTURE Refer to the photo of the 
building on page 227.  
a. Identify the line of reflection.  
b. Identify the preimage/image pairs. Assume that 
architectural features on the left-hand side of the 
picture represent the preimages. 

SOLUTION:  

a. is the line of reflection because each point to
its left matches a point to its right.  
b. A and C, D and F,  and ,  and .  

ANSWER:  

a.  

b. A and C, D and F,  and ,  and .  

ALGEBRA Graph the line y  = 2x – 3 and its 
reflected image in the given line. What is the 
equation of the reflected image? 

36. x-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the x-axis, the x-intercept will 
be the same in the reflection. Use the y-intercept to 
find a second point on the reflected line. Since the y-
intercept is –3,  the y-intercept of the reflected line 
will be 3.  
  
Use (1.5, 0) and (0, 3) to write an equation for the 
reflected line.  
  

 
  

 
  

 

ANSWER:  

 

37. y-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y-axis, the y-intercept will 
be the same in the reflection. Use the x-intercept to 
find a second point on the reflected line. Since the x-
intercept is 1.5,  the x-intercept of the reflected line 
will be –1.5.  
  
Use (–1.5, 0) and (0, –3) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

38. y  = x 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y = x line, the x- and y-
coordinates are switched. Switch the coordinates for 
the intercepts.  The y-intercept is (0, –3), so x-
intercept of the reflected line would be (–3, 0). The 
x-intercept is (1.5, 0), so y-intercept of the reflected 
line would be (0, 1.5) 
  
Use (0, 1.5) and (–3, 0) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

39. Reflect  shown below in the line y  = 3x. 

 

SOLUTION:  
Each vertex and its image will be equidistant from y  
= 3x. To estimate the placement of the images of 
each vertex, first find the equation of the lines 
perpendicular to y  = 3x that pass through each 

vertex. Each of these lines will have the slope , 

which is the negative reciprocal of the slope in y  = 
3x. 
  
Vertex C(-3, 6) 

 
Graph this line. Use a ruler to find the distance 
between C(-3, 6) and the point of intersection with 
the line of reflection. Mark C' an equal distance 
along this line. 
  
Vertex D(-1, 1) 

 
Graph this line. Use a ruler to find the distance 
between D(-1, 1) and the point of intersection with 
the line of reflection. Mark D' an equal distance 
along this line. 
  
Vertex E(3, 5) 

 
Graph this line. Use a ruler to find the distance 
between E(3, 5) and the point of intersection with 
the line of reflection. Mark E' an equal distance 
along this line. 
Connect the vertices, C', D', and E' to form the 
reflected image. 

 
  

 

ANSWER:  

 

40. Relocate vertex C so that ABCDE is convex, and all 
sides remain the same length. 

 

SOLUTION:  
If you reflect vertex C over the BD line, the figure 
would become convex.  

 

ANSWER:  

 

ALGEBRA Graph the reflection of each 
function in the given line. Then write the 
equation of the reflected image. 

41. x-axis 

 

SOLUTION:  
To reflect a point in the x-axis, multiply its y -
coordinate by –1.  
  
To reflect   in the x-axis multiply by –
1.  

 

ANSWER:  

 

42. y-axis 

 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
To reflect  over the y -axis, multiply x 
by –1. The reflected equation will then be 

. 

  
  

 

Copy the figure and the given line of reflection. 
Then draw the reflected image in this line using
a ruler. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line a. 
Step 2: Measure the distance from point C to the 
line a. Then locate C' the same distance from line a 
on the opposite side.  
Step 3: Repeat Step 2 to locate points D' and F'. 
Then connect the vertices, C', D', and F' to form 
the reflected image.  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point Q to the 
line k. Then locate Q' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points R', S' and 
T'. Then connect the vertices, Q', R', S', and T' to 
form the reflected image.  

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point W to the 
line f . Then locate W' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect the vertices, W', X ', Y' and Z' to 
form the reflected image.  
  

 

ANSWER:  

 

4. SPORTING EVENTS Toru is waiting at a café for 
a friend to bring him a ticket to a sold-out sporting 
event. At what point P along the street should the 
friend try to stop his car to minimize the distance 
Toru will have to walk from the café, to the car, and 
then to the arena entrance? Draw a diagram. 

 

SOLUTION:  
 You are asked to locate a point P on line se such 
that cP + Pe has the least possible value. 
 
The total distance from s to P and then from P to e 
is least when these three points are collinear. Use 
the reflection of point c over the road to find the 
location for point P. 
  
 Draw c'e (or se).  

 
  
Locate P at the intersection of road and line se . 

 
  
Compare the sum cP + Pe for each case to verify 
that the location found for P minimizes this sum. 

ANSWER:  
Sample answer: 

 

Graph  and its image in the given line.

 
5. y  = –2 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line y  = –2. 
  
Vertex A is 3 units up from y  = –2, locate the point 
3 units down from y  = –2. A ' would be (1, –5). 
Vertex B is on the line y  = –2, so B' would be at the
same point (2, –2). 
Vertex C is 4 units up from y  = –2, locate the point 
4 units down from y  = –2. C' would be (7, –6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  
  

 

ANSWER:  

 

6. x = 3 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line x = 3. 
  
Vertex A is 2 units left from x = 3, locate the point 
2 units right from x = 3. A ' would be at (5, 1). 
Vertex B is 1 unit left from  x = 3, locate the point 1
unit right from x = 3. B' would be at (4, –2). 
Vertex C is 4 units right from x = 3, locate the point
4 units left from x = 3. C' would be at (–1, 2). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

Graph each figure and its image under the given
reflection. 

7.  with vertices X(0, 4), Y(–3, 4), and Z(–4, –1) 
in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 
X(0, 4) → X'(0, 4) 
Y(–3, 4) → Y'(3, 4) 
Z(–4, –1) →Z'(4, –1) 
  
Plot the points. Then connect the vertices, X ', Y', 
and Z' to form the reflected image. 
  

 

ANSWER:  

 

8.  QRST with vertices Q(–1, 4), R(4, 4), S(3, 1), and
T(–2, 1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

Q(–1, 4) → Q'(–1, –4) 

R(4, 4) → R'(4, –4) 

S(3, 1) →S'(3, –1) 

T(–2, 1) →T'(–2, –1) 
  
Plot the points. Then connect the vertices, Q', R', S',
and T' to form the reflected image. 
  

 

ANSWER:  

 

9. Given quadrilaterals J(–3, 1), K(–1, 3), L(1, 3), and M
(–3, –1) and its image J'(1, –3), K'(3, –1), L'(3, 1), 
and M'(–1, –3), describe the transformation using 
coordinate notation.  

SOLUTION:  
Plot the points for the preimage and the image. 
  

 
The transformation sends each vertex as follows.
  
J(–3, 1) →  J'(1, –3) 

K(–1, 3) →  K'(3, –1) 

L(1, 3) → L'(3, 1) 

M(–3, –1)  → M'(–1, –3) 
  
That means that (x, y ) → (y , x). 
  
This is the result of a reflection over the y = x .  

ANSWER:  
(x, y ) → (y , x); reflection in the y = x .  

TOOLS Copy the figure and the given line of 
reflection. Then draw the reflected image in this
line using a ruler. 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point X  to the 
line k. Then locate X ' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect the vertices, X ', Y', and Z' to form the 
reflected image.  

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line s. 
Step 2: Measure the distance from point J to the 
line s. Then locate J' the same distance from line s 
on the opposite side.  
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect the vertices J', K', L', and M' to 
form the reflected image.  

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line c. 
Step 2: Measure the distance from point E to the 
line c. Then locate E' the same distance from line c 
on the opposite side.  
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect the vertices, E', F', G' and H' to 
form the reflected image.  

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line t. 
Step 2: Measure the distance from point A  to the 
line t. Then locate A ' the same distance from line t 
on the opposite side.  
Step 3: Repeat Step 2 to locate points B', C' and 
D'. Then connect the vertices, A ', B', C' and D' to 
form the reflected image.  

 

ANSWER:  

 

14.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line w. 
Step 2: Measure the distance from point P to the 
line w. Then locate P' the same distance from line w
on the opposite side.  
Step 3: Repeat Step 2 to locate points Q', R', S', 
T,' and U'. Then connect the vertices P', Q', R', S', 
T', and U' to form the reflected image.  

 

ANSWER:  

 

15.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point V to the 
line f . Then locate V' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect the vertices, V', W', X ', Y' and
Z' to form the reflected image.  

 

ANSWER:  

 

SPORTS When a ball is rolled or struck without
spin against a wall, it bounces off the wall and 
travels in a ray that is the reflected image of the
path of the ball if it had gone straight through 
the wall. Use this information in Exercises 16 
and 17. 

 
16. BILLIARDS Tadeo is playing billiards. He wants to

strike the eight ball with the cue ball so that the eight 
ball bounces off the rail and rolls into the indicated 
pocket. If the eight ball moves with no spin, draw a 
diagram showing the exact point P along the right rail
where the eight ball should hit after being struck by 
the cue ball. 

 

SOLUTION:  
We want to determine where the 8 ball should hit the
rail so that it goes into the side pocket. To do this, we
will need to locate a point P on the rail of the table 
such that P is collinear with the side pocket and the 
reflection of the 8 ball.  
  
Step 1: Locate the reflection of the 8 ball. The rail 
(red line) is equidistant from the 8 ball and the 
reflection. 

 
Step 2: Draw a line from the side pocket to the 
reflection. We now know the line along which the 8 
ball should travel in order to go into the side pocket. 

 
The intersection of the red and blue lines is the 
location of point P. The distance from P to the 8 ball 
and from P to the reflection are equal. 

 

ANSWER:  

 

17. INDOOR SOCCER Abby is playing indoor soccer,
and she wants to hit the ball to point C, but must 
avoid an opposing player at point B. She decides to 
hit the ball at point A so that it bounces off the side 
wall. Draw a diagram that shows the exact point 
along the top wall for which Abby should aim. 

 

SOLUTION:  
You are asked to locate a point P on line k such 
that cP + A'P  has the least possible value. 
 
The total distance from c to P and then from A ' to P
is least when these three points are collinear. Use 
the reflection of point A  in line k to find the location 
for point P. 
  
Draw A 'c . Locate P at the intersection of line k and
line A 'c. 
  
Compare the sum cP + A'P  for each case to verify 
that the location found for P minimizes this sum 

 

ANSWER:  

 

Graph each figure and its image in the given 
line. 

 

 

 
18.  y  = 3 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line y  =
3. 
  
Draw y  = 3. 
  
Vertex A is 5 units up from y  = 3, locate the point 5
units down from y  = 3. A ' would be (–5, –2). 
Vertex B is 2 units up from the y  = 3,  locate the 
point 2 units down from y  = 3. B' would be (–1, 1). 
Vertex C is 3 units down from y  = 3, locate the 
point 3 units up from y  = 3. C' would be (–4, 6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

19.  x = –1 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line x =
–1. 
  
Draw x = –1. 
  
Vertex A is 4 units left from x = –1, locate the point
4 units right from x = –1. A ' would be (3, 8). 
Vertex B is on the line x = –1,  so B' would be (–1, 
5). 
Vertex C is 3 units left from x = –1, locate the point
3 units right from x = –1. C' would be (2, 0). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

20. JKLM; x = 1 

SOLUTION:  
J is (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line x = 1. 
  
Draw the line x = 1. 
  
Vertex J is at 2 units right from x = 1, locate the 
point 2 units left from x = 1. J' would be (–1, 8). 
Vertex K is 5 units right from x = 1, locate the point
5 units left from x = 1. K' would be (–4, 8). 
Vertex L is 5 units right from x = 1, locate the point 
5 units left from x = 1. L' would be (–4, 5). 
Vertex M is on x = 1, so M' would be (1, 2). 
  
Then connect the vertices, J', K', L', and M' to form
the reflected image. 

 

ANSWER:  

 

21. JKLM; y  = 4 

SOLUTION:  
J is at (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line y  = 4. 
  
Draw the line y  = 4. 
  
Vertex J is 4 units up from y  = 4, locate the point 4 
units down from y  = 4. J' would be (3, 0). 
Vertex K is 4 units up from y  = 4, locate the point 4
units down from y  = 4. K' would be (6, 0). 
Vertex L is 1 unit up from y  = 4, locate the point 1 
unit down from y  = 4. L' would be (6, 3). 
Vertex M is 2 units down from y  = 4, locate the 
point 2 units up from y  = 4. M' would be (1, 6). 
  
Then connect the vertices J', K', L', and M' to form 
the reflected image. 

 

ANSWER:  

 

22. WXYZ; y  = –4 

SOLUTION:  
W is at (–2, –2), X  is at (6, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line y  = –4. 
  
Draw the line y  = –4. 
  
Vertex W is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. W' would be (–2, –6). 
Vertex X is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. X ' would be (6, –6). 
Vertex Y is 1 unit down from y  = –4, locate the 
point 1 unit up from y  = –4. Y' would be (4, –3). 
Vertex Z is 3 units down from y  = –4, locate the 
point 3 units up from y  = –4. Z' would be (0, –1). 
  
Then connect the vertices W', X ', Y', and Z' to form 
the reflected image. 
  

 

ANSWER:  

 

23. WXYZ; x = –2 

SOLUTION:  
W is at (–2, –2), X  is at (5, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line x = –2. 
  
Draw the line x = –2. 
  
Vertex W is on x = –2, so W' would be (–2, –2). 
Vertex X is 7 units right from x = –2, locate the 
point 7 units left from x = –2. X ' would be (–9, –2).
Vertex Y is 6 units right from x = –2, locate the 
point 6 units left from x = –2. Y' would be (–8, –5). 
Vertex Z is 2 units right from x = –2, locate the 
point 2 units left from x = –2. Z' would be (–4, –7).
  
Then connect the vertices, W', X ', Y', and Z' to form
the reflected image. 
  

 

ANSWER:  

 

STRUCTURE  Graph each figure and its image 
under the given reflection. 

24. rectangle ABCD with vertices A(–5, 2), B(1, 2), C(1, 
–1), and D(–5, –1) in the line y  = –2 

SOLUTION:  
To reflect over the line  y  = –2, subtract from the y -
coordinate the distance from the y  = –2 line.  
  
(x, y ) → (x, y – distance from y = –2 ) 

A(–5, 2) → Distance: +4, A'(–5, –6) 

B(1, 2) → Distance: +4, B'(1, –6) 

C(1, –1) → Distance: +1, C'(1, –3), 

D(–5, –1) →Distance: +1, D'(–5, –3) 
  
Plot the points. Then connect the vertices, A ', B', 
C', and D' to form the reflected image. 

 

ANSWER:  

 

25. square JKLM  with vertices J(–4, 6), K(0, 6), L(0, 2),
and M (–4, 2) in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 

J(–4, 6) → J'(4, 6) 

K(0, 6), → K'(0, 6) 

L(0, 2) → L'(0, 2) 

M(–4, 2)  → M'(4, 2) 
  
Plot the points. Then connect the vertices, J, K', 
L',and M' to form the reflected image. 

 

ANSWER:  

 

26.  with vertices F(–3, 2), G(–4, –1), and H(–6, 
–1) in the line y  = x 

SOLUTION:  
To reflect over line y  = x, interchange the x- and  y -
coordinates.  
  
(x, y ) → (y, x)  

 F(–3, 2), →   F'(2, –3) 

G(–4, –1) → G'(–1, –4) 

H(–6, –1) → H'(–1, –6) 
  
Plot the points. Then connect the vertices, F', G', 
and H' to form the reflected image. 
  

 

ANSWER:  

 

27.  with vertices W(2, 3), X(7, 3), Y(6, –1), and 

Z(1, –1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

W(2, 3) →  W'(2, –3) 

X(7, 3) → X'(7, –3), 

Y(6, –1) → Y'(6, 1) 

Z(1, –1) →  Z'(1, 1) 
  
Plot the points. Then connect the vertices, W', X ', 
Y',and Z' to form the reflected image. 
  

 

ANSWER:  

 

Given each figure and image, describe the 
transformation using coordinate notation. 

28. P(–1, 4), Q(2, 4), R(1, –1), and S(–1, –1) and P'(1, 
4), Q'(–2, 4), R'(–1, –1), and S'(1, –1)  

SOLUTION:  
Plot the points for the figure and its image.  

 
Compare the coordinates. 
  
P(–1, 4) →  P'(1, 4) 

Q(2, 4) → Q'(–2, 4) 

R(1, –1) → R'(–1, –1) 

S(–1, –1) →  S'(1, –1) 

To get from the figure to its image each (x, y ) → (–
x, y ). 
This means a reflection in the y -axis.  

ANSWER:  
(x, y ) → (–x, y ); reflection in the y -axis 

29. S(–3, –2), T(–2, 3), and U(2, 2) and S'(–2, –3), T'(3, 
–2), and U'(2, 2) 

SOLUTION:  
Plot the points for the figure and its image.  
  

 
  
Compare the coordinates. 
  
S(–3, –2) → S'(–2 –3) 

T(–2, 3) → T'(3, –2) 

U(2, 2) → U'(2, 2) 
Each vertex is transformed by (x, y ) → (y , x). 
This is a reflection in the line y  = x, interchange the 
x- and  y -coordinates.  

ANSWER:  
(x, y ) → (y , x); reflection in the line y  = x 

Each figure shows a preimage and its reflected 
image in some line. Copy each figure and draw 
the line of reflection. 

30.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

31.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  

 

ANSWER:  

 

32.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

CONSTRUCTION To construct the reflection 
of a figure in a line using only a compass and a 
straightedge, 
you can use: 
• the construction of a line perpendicular to a 
given line through a point not on the line 
(Lesson 1-5), and 
• the construction of a segment congruent to a 
given segment (Lesson 1-2). 

 
TOOLS  Copy each figure and the given line of 
reflection. Then construct the reflected image. 

33.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at B 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from B to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
A and C. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

34.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at K 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from K to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
J and L. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
  
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

35. ARCHITECTURE Refer to the photo of the 
building on page 227.  
a. Identify the line of reflection.  
b. Identify the preimage/image pairs. Assume that 
architectural features on the left-hand side of the 
picture represent the preimages. 

SOLUTION:  

a. is the line of reflection because each point to
its left matches a point to its right.  
b. A and C, D and F,  and ,  and .  

ANSWER:  

a.  

b. A and C, D and F,  and ,  and .  

ALGEBRA Graph the line y  = 2x – 3 and its 
reflected image in the given line. What is the 
equation of the reflected image? 

36. x-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the x-axis, the x-intercept will 
be the same in the reflection. Use the y-intercept to 
find a second point on the reflected line. Since the y-
intercept is –3,  the y-intercept of the reflected line 
will be 3.  
  
Use (1.5, 0) and (0, 3) to write an equation for the 
reflected line.  
  

 
  

 
  

 

ANSWER:  

 

37. y-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y-axis, the y-intercept will 
be the same in the reflection. Use the x-intercept to 
find a second point on the reflected line. Since the x-
intercept is 1.5,  the x-intercept of the reflected line 
will be –1.5.  
  
Use (–1.5, 0) and (0, –3) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

38. y  = x 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y = x line, the x- and y-
coordinates are switched. Switch the coordinates for 
the intercepts.  The y-intercept is (0, –3), so x-
intercept of the reflected line would be (–3, 0). The 
x-intercept is (1.5, 0), so y-intercept of the reflected 
line would be (0, 1.5) 
  
Use (0, 1.5) and (–3, 0) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

39. Reflect  shown below in the line y  = 3x. 

 

SOLUTION:  
Each vertex and its image will be equidistant from y  
= 3x. To estimate the placement of the images of 
each vertex, first find the equation of the lines 
perpendicular to y  = 3x that pass through each 

vertex. Each of these lines will have the slope , 

which is the negative reciprocal of the slope in y  = 
3x. 
  
Vertex C(-3, 6) 

 
Graph this line. Use a ruler to find the distance 
between C(-3, 6) and the point of intersection with 
the line of reflection. Mark C' an equal distance 
along this line. 
  
Vertex D(-1, 1) 

 
Graph this line. Use a ruler to find the distance 
between D(-1, 1) and the point of intersection with 
the line of reflection. Mark D' an equal distance 
along this line. 
  
Vertex E(3, 5) 

 
Graph this line. Use a ruler to find the distance 
between E(3, 5) and the point of intersection with 
the line of reflection. Mark E' an equal distance 
along this line. 
Connect the vertices, C', D', and E' to form the 
reflected image. 

 
  

 

ANSWER:  

 

40. Relocate vertex C so that ABCDE is convex, and all 
sides remain the same length. 

 

SOLUTION:  
If you reflect vertex C over the BD line, the figure 
would become convex.  

 

ANSWER:  

 

ALGEBRA Graph the reflection of each 
function in the given line. Then write the 
equation of the reflected image. 

41. x-axis 

 

SOLUTION:  
To reflect a point in the x-axis, multiply its y -
coordinate by –1.  
  
To reflect   in the x-axis multiply by –
1.  

 

ANSWER:  

 

42. y-axis 

 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
To reflect  over the y -axis, multiply x 
by –1. The reflected equation will then be 

. 
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3-1 Reflections 



Copy the figure and the given line of reflection. 
Then draw the reflected image in this line using
a ruler. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line a. 
Step 2: Measure the distance from point C to the 
line a. Then locate C' the same distance from line a 
on the opposite side.  
Step 3: Repeat Step 2 to locate points D' and F'. 
Then connect the vertices, C', D', and F' to form 
the reflected image.  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point Q to the 
line k. Then locate Q' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points R', S' and 
T'. Then connect the vertices, Q', R', S', and T' to 
form the reflected image.  

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point W to the 
line f . Then locate W' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect the vertices, W', X ', Y' and Z' to 
form the reflected image.  
  

 

ANSWER:  

 

4. SPORTING EVENTS Toru is waiting at a café for 
a friend to bring him a ticket to a sold-out sporting 
event. At what point P along the street should the 
friend try to stop his car to minimize the distance 
Toru will have to walk from the café, to the car, and 
then to the arena entrance? Draw a diagram. 

 

SOLUTION:  
 You are asked to locate a point P on line se such 
that cP + Pe has the least possible value. 
 
The total distance from s to P and then from P to e 
is least when these three points are collinear. Use 
the reflection of point c over the road to find the 
location for point P. 
  
 Draw c'e (or se).  

 
  
Locate P at the intersection of road and line se . 

 
  
Compare the sum cP + Pe for each case to verify 
that the location found for P minimizes this sum. 

ANSWER:  
Sample answer: 

 

Graph  and its image in the given line.

 
5. y  = –2 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line y  = –2. 
  
Vertex A is 3 units up from y  = –2, locate the point 
3 units down from y  = –2. A ' would be (1, –5). 
Vertex B is on the line y  = –2, so B' would be at the
same point (2, –2). 
Vertex C is 4 units up from y  = –2, locate the point 
4 units down from y  = –2. C' would be (7, –6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  
  

 

ANSWER:  

 

6. x = 3 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line x = 3. 
  
Vertex A is 2 units left from x = 3, locate the point 
2 units right from x = 3. A ' would be at (5, 1). 
Vertex B is 1 unit left from  x = 3, locate the point 1
unit right from x = 3. B' would be at (4, –2). 
Vertex C is 4 units right from x = 3, locate the point
4 units left from x = 3. C' would be at (–1, 2). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

Graph each figure and its image under the given
reflection. 

7.  with vertices X(0, 4), Y(–3, 4), and Z(–4, –1) 
in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 
X(0, 4) → X'(0, 4) 
Y(–3, 4) → Y'(3, 4) 
Z(–4, –1) →Z'(4, –1) 
  
Plot the points. Then connect the vertices, X ', Y', 
and Z' to form the reflected image. 
  

 

ANSWER:  

 

8.  QRST with vertices Q(–1, 4), R(4, 4), S(3, 1), and
T(–2, 1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

Q(–1, 4) → Q'(–1, –4) 

R(4, 4) → R'(4, –4) 

S(3, 1) →S'(3, –1) 

T(–2, 1) →T'(–2, –1) 
  
Plot the points. Then connect the vertices, Q', R', S',
and T' to form the reflected image. 
  

 

ANSWER:  

 

9. Given quadrilaterals J(–3, 1), K(–1, 3), L(1, 3), and M
(–3, –1) and its image J'(1, –3), K'(3, –1), L'(3, 1), 
and M'(–1, –3), describe the transformation using 
coordinate notation.  

SOLUTION:  
Plot the points for the preimage and the image. 
  

 
The transformation sends each vertex as follows.
  
J(–3, 1) →  J'(1, –3) 

K(–1, 3) →  K'(3, –1) 

L(1, 3) → L'(3, 1) 

M(–3, –1)  → M'(–1, –3) 
  
That means that (x, y ) → (y , x). 
  
This is the result of a reflection over the y = x .  

ANSWER:  
(x, y ) → (y , x); reflection in the y = x .  

TOOLS Copy the figure and the given line of 
reflection. Then draw the reflected image in this
line using a ruler. 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point X  to the 
line k. Then locate X ' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect the vertices, X ', Y', and Z' to form the 
reflected image.  

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line s. 
Step 2: Measure the distance from point J to the 
line s. Then locate J' the same distance from line s 
on the opposite side.  
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect the vertices J', K', L', and M' to 
form the reflected image.  

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line c. 
Step 2: Measure the distance from point E to the 
line c. Then locate E' the same distance from line c 
on the opposite side.  
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect the vertices, E', F', G' and H' to 
form the reflected image.  

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line t. 
Step 2: Measure the distance from point A  to the 
line t. Then locate A ' the same distance from line t 
on the opposite side.  
Step 3: Repeat Step 2 to locate points B', C' and 
D'. Then connect the vertices, A ', B', C' and D' to 
form the reflected image.  

 

ANSWER:  

 

14.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line w. 
Step 2: Measure the distance from point P to the 
line w. Then locate P' the same distance from line w
on the opposite side.  
Step 3: Repeat Step 2 to locate points Q', R', S', 
T,' and U'. Then connect the vertices P', Q', R', S', 
T', and U' to form the reflected image.  

 

ANSWER:  

 

15.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point V to the 
line f . Then locate V' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect the vertices, V', W', X ', Y' and
Z' to form the reflected image.  

 

ANSWER:  

 

SPORTS When a ball is rolled or struck without
spin against a wall, it bounces off the wall and 
travels in a ray that is the reflected image of the
path of the ball if it had gone straight through 
the wall. Use this information in Exercises 16 
and 17. 

 
16. BILLIARDS Tadeo is playing billiards. He wants to

strike the eight ball with the cue ball so that the eight 
ball bounces off the rail and rolls into the indicated 
pocket. If the eight ball moves with no spin, draw a 
diagram showing the exact point P along the right rail
where the eight ball should hit after being struck by 
the cue ball. 

 

SOLUTION:  
We want to determine where the 8 ball should hit the
rail so that it goes into the side pocket. To do this, we
will need to locate a point P on the rail of the table 
such that P is collinear with the side pocket and the 
reflection of the 8 ball.  
  
Step 1: Locate the reflection of the 8 ball. The rail 
(red line) is equidistant from the 8 ball and the 
reflection. 

 
Step 2: Draw a line from the side pocket to the 
reflection. We now know the line along which the 8 
ball should travel in order to go into the side pocket. 

 
The intersection of the red and blue lines is the 
location of point P. The distance from P to the 8 ball 
and from P to the reflection are equal. 

 

ANSWER:  

 

17. INDOOR SOCCER Abby is playing indoor soccer,
and she wants to hit the ball to point C, but must 
avoid an opposing player at point B. She decides to 
hit the ball at point A so that it bounces off the side 
wall. Draw a diagram that shows the exact point 
along the top wall for which Abby should aim. 

 

SOLUTION:  
You are asked to locate a point P on line k such 
that cP + A'P  has the least possible value. 
 
The total distance from c to P and then from A ' to P
is least when these three points are collinear. Use 
the reflection of point A  in line k to find the location 
for point P. 
  
Draw A 'c . Locate P at the intersection of line k and
line A 'c. 
  
Compare the sum cP + A'P  for each case to verify 
that the location found for P minimizes this sum 

 

ANSWER:  

 

Graph each figure and its image in the given 
line. 

 

 

 
18.  y  = 3 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line y  =
3. 
  
Draw y  = 3. 
  
Vertex A is 5 units up from y  = 3, locate the point 5
units down from y  = 3. A ' would be (–5, –2). 
Vertex B is 2 units up from the y  = 3,  locate the 
point 2 units down from y  = 3. B' would be (–1, 1). 
Vertex C is 3 units down from y  = 3, locate the 
point 3 units up from y  = 3. C' would be (–4, 6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

19.  x = –1 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line x =
–1. 
  
Draw x = –1. 
  
Vertex A is 4 units left from x = –1, locate the point
4 units right from x = –1. A ' would be (3, 8). 
Vertex B is on the line x = –1,  so B' would be (–1, 
5). 
Vertex C is 3 units left from x = –1, locate the point
3 units right from x = –1. C' would be (2, 0). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

20. JKLM; x = 1 

SOLUTION:  
J is (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line x = 1. 
  
Draw the line x = 1. 
  
Vertex J is at 2 units right from x = 1, locate the 
point 2 units left from x = 1. J' would be (–1, 8). 
Vertex K is 5 units right from x = 1, locate the point
5 units left from x = 1. K' would be (–4, 8). 
Vertex L is 5 units right from x = 1, locate the point 
5 units left from x = 1. L' would be (–4, 5). 
Vertex M is on x = 1, so M' would be (1, 2). 
  
Then connect the vertices, J', K', L', and M' to form
the reflected image. 

 

ANSWER:  

 

21. JKLM; y  = 4 

SOLUTION:  
J is at (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line y  = 4. 
  
Draw the line y  = 4. 
  
Vertex J is 4 units up from y  = 4, locate the point 4 
units down from y  = 4. J' would be (3, 0). 
Vertex K is 4 units up from y  = 4, locate the point 4
units down from y  = 4. K' would be (6, 0). 
Vertex L is 1 unit up from y  = 4, locate the point 1 
unit down from y  = 4. L' would be (6, 3). 
Vertex M is 2 units down from y  = 4, locate the 
point 2 units up from y  = 4. M' would be (1, 6). 
  
Then connect the vertices J', K', L', and M' to form 
the reflected image. 

 

ANSWER:  

 

22. WXYZ; y  = –4 

SOLUTION:  
W is at (–2, –2), X  is at (6, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line y  = –4. 
  
Draw the line y  = –4. 
  
Vertex W is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. W' would be (–2, –6). 
Vertex X is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. X ' would be (6, –6). 
Vertex Y is 1 unit down from y  = –4, locate the 
point 1 unit up from y  = –4. Y' would be (4, –3). 
Vertex Z is 3 units down from y  = –4, locate the 
point 3 units up from y  = –4. Z' would be (0, –1). 
  
Then connect the vertices W', X ', Y', and Z' to form 
the reflected image. 
  

 

ANSWER:  

 

23. WXYZ; x = –2 

SOLUTION:  
W is at (–2, –2), X  is at (5, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line x = –2. 
  
Draw the line x = –2. 
  
Vertex W is on x = –2, so W' would be (–2, –2). 
Vertex X is 7 units right from x = –2, locate the 
point 7 units left from x = –2. X ' would be (–9, –2).
Vertex Y is 6 units right from x = –2, locate the 
point 6 units left from x = –2. Y' would be (–8, –5). 
Vertex Z is 2 units right from x = –2, locate the 
point 2 units left from x = –2. Z' would be (–4, –7).
  
Then connect the vertices, W', X ', Y', and Z' to form
the reflected image. 
  

 

ANSWER:  

 

STRUCTURE  Graph each figure and its image 
under the given reflection. 

24. rectangle ABCD with vertices A(–5, 2), B(1, 2), C(1, 
–1), and D(–5, –1) in the line y  = –2 

SOLUTION:  
To reflect over the line  y  = –2, subtract from the y -
coordinate the distance from the y  = –2 line.  
  
(x, y ) → (x, y – distance from y = –2 ) 

A(–5, 2) → Distance: +4, A'(–5, –6) 

B(1, 2) → Distance: +4, B'(1, –6) 

C(1, –1) → Distance: +1, C'(1, –3), 

D(–5, –1) →Distance: +1, D'(–5, –3) 
  
Plot the points. Then connect the vertices, A ', B', 
C', and D' to form the reflected image. 

 

ANSWER:  

 

25. square JKLM  with vertices J(–4, 6), K(0, 6), L(0, 2),
and M (–4, 2) in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 

J(–4, 6) → J'(4, 6) 

K(0, 6), → K'(0, 6) 

L(0, 2) → L'(0, 2) 

M(–4, 2)  → M'(4, 2) 
  
Plot the points. Then connect the vertices, J, K', 
L',and M' to form the reflected image. 

 

ANSWER:  

 

26.  with vertices F(–3, 2), G(–4, –1), and H(–6, 
–1) in the line y  = x 

SOLUTION:  
To reflect over line y  = x, interchange the x- and  y -
coordinates.  
  
(x, y ) → (y, x)  

 F(–3, 2), →   F'(2, –3) 

G(–4, –1) → G'(–1, –4) 

H(–6, –1) → H'(–1, –6) 
  
Plot the points. Then connect the vertices, F', G', 
and H' to form the reflected image. 
  

 

ANSWER:  

 

27.  with vertices W(2, 3), X(7, 3), Y(6, –1), and 

Z(1, –1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

W(2, 3) →  W'(2, –3) 

X(7, 3) → X'(7, –3), 

Y(6, –1) → Y'(6, 1) 

Z(1, –1) →  Z'(1, 1) 
  
Plot the points. Then connect the vertices, W', X ', 
Y',and Z' to form the reflected image. 
  

 

ANSWER:  

 

Given each figure and image, describe the 
transformation using coordinate notation. 

28. P(–1, 4), Q(2, 4), R(1, –1), and S(–1, –1) and P'(1, 
4), Q'(–2, 4), R'(–1, –1), and S'(1, –1)  

SOLUTION:  
Plot the points for the figure and its image.  

 
Compare the coordinates. 
  
P(–1, 4) →  P'(1, 4) 

Q(2, 4) → Q'(–2, 4) 

R(1, –1) → R'(–1, –1) 

S(–1, –1) →  S'(1, –1) 

To get from the figure to its image each (x, y ) → (–
x, y ). 
This means a reflection in the y -axis.  

ANSWER:  
(x, y ) → (–x, y ); reflection in the y -axis 

29. S(–3, –2), T(–2, 3), and U(2, 2) and S'(–2, –3), T'(3, 
–2), and U'(2, 2) 

SOLUTION:  
Plot the points for the figure and its image.  
  

 
  
Compare the coordinates. 
  
S(–3, –2) → S'(–2 –3) 

T(–2, 3) → T'(3, –2) 

U(2, 2) → U'(2, 2) 
Each vertex is transformed by (x, y ) → (y , x). 
This is a reflection in the line y  = x, interchange the 
x- and  y -coordinates.  

ANSWER:  
(x, y ) → (y , x); reflection in the line y  = x 

Each figure shows a preimage and its reflected 
image in some line. Copy each figure and draw 
the line of reflection. 

30.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

31.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  

 

ANSWER:  

 

32.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

CONSTRUCTION To construct the reflection 
of a figure in a line using only a compass and a 
straightedge, 
you can use: 
• the construction of a line perpendicular to a 
given line through a point not on the line 
(Lesson 1-5), and 
• the construction of a segment congruent to a 
given segment (Lesson 1-2). 

 
TOOLS  Copy each figure and the given line of 
reflection. Then construct the reflected image. 

33.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at B 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from B to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
A and C. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

34.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at K 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from K to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
J and L. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
  
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

35. ARCHITECTURE Refer to the photo of the 
building on page 227.  
a. Identify the line of reflection.  
b. Identify the preimage/image pairs. Assume that 
architectural features on the left-hand side of the 
picture represent the preimages. 

SOLUTION:  

a. is the line of reflection because each point to
its left matches a point to its right.  
b. A and C, D and F,  and ,  and .  

ANSWER:  

a.  

b. A and C, D and F,  and ,  and .  

ALGEBRA Graph the line y  = 2x – 3 and its 
reflected image in the given line. What is the 
equation of the reflected image? 

36. x-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the x-axis, the x-intercept will 
be the same in the reflection. Use the y-intercept to 
find a second point on the reflected line. Since the y-
intercept is –3,  the y-intercept of the reflected line 
will be 3.  
  
Use (1.5, 0) and (0, 3) to write an equation for the 
reflected line.  
  

 
  

 
  

 

ANSWER:  

 

37. y-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y-axis, the y-intercept will 
be the same in the reflection. Use the x-intercept to 
find a second point on the reflected line. Since the x-
intercept is 1.5,  the x-intercept of the reflected line 
will be –1.5.  
  
Use (–1.5, 0) and (0, –3) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

38. y  = x 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y = x line, the x- and y-
coordinates are switched. Switch the coordinates for 
the intercepts.  The y-intercept is (0, –3), so x-
intercept of the reflected line would be (–3, 0). The 
x-intercept is (1.5, 0), so y-intercept of the reflected 
line would be (0, 1.5) 
  
Use (0, 1.5) and (–3, 0) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

39. Reflect  shown below in the line y  = 3x. 

 

SOLUTION:  
Each vertex and its image will be equidistant from y  
= 3x. To estimate the placement of the images of 
each vertex, first find the equation of the lines 
perpendicular to y  = 3x that pass through each 

vertex. Each of these lines will have the slope , 

which is the negative reciprocal of the slope in y  = 
3x. 
  
Vertex C(-3, 6) 

 
Graph this line. Use a ruler to find the distance 
between C(-3, 6) and the point of intersection with 
the line of reflection. Mark C' an equal distance 
along this line. 
  
Vertex D(-1, 1) 

 
Graph this line. Use a ruler to find the distance 
between D(-1, 1) and the point of intersection with 
the line of reflection. Mark D' an equal distance 
along this line. 
  
Vertex E(3, 5) 

 
Graph this line. Use a ruler to find the distance 
between E(3, 5) and the point of intersection with 
the line of reflection. Mark E' an equal distance 
along this line. 
Connect the vertices, C', D', and E' to form the 
reflected image. 

 
  

 

ANSWER:  

 

40. Relocate vertex C so that ABCDE is convex, and all 
sides remain the same length. 

 

SOLUTION:  
If you reflect vertex C over the BD line, the figure 
would become convex.  

 

ANSWER:  

 

ALGEBRA Graph the reflection of each 
function in the given line. Then write the 
equation of the reflected image. 

41. x-axis 

 

SOLUTION:  
To reflect a point in the x-axis, multiply its y -
coordinate by –1.  
  
To reflect   in the x-axis multiply by –
1.  

 

ANSWER:  

 

42. y-axis 

 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
To reflect  over the y -axis, multiply x 
by –1. The reflected equation will then be 

. 

  
  

 

Copy the figure and the given line of reflection. 
Then draw the reflected image in this line using
a ruler. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line a. 
Step 2: Measure the distance from point C to the 
line a. Then locate C' the same distance from line a 
on the opposite side.  
Step 3: Repeat Step 2 to locate points D' and F'. 
Then connect the vertices, C', D', and F' to form 
the reflected image.  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point Q to the 
line k. Then locate Q' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points R', S' and 
T'. Then connect the vertices, Q', R', S', and T' to 
form the reflected image.  

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point W to the 
line f . Then locate W' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect the vertices, W', X ', Y' and Z' to 
form the reflected image.  
  

 

ANSWER:  

 

4. SPORTING EVENTS Toru is waiting at a café for 
a friend to bring him a ticket to a sold-out sporting 
event. At what point P along the street should the 
friend try to stop his car to minimize the distance 
Toru will have to walk from the café, to the car, and 
then to the arena entrance? Draw a diagram. 

 

SOLUTION:  
 You are asked to locate a point P on line se such 
that cP + Pe has the least possible value. 
 
The total distance from s to P and then from P to e 
is least when these three points are collinear. Use 
the reflection of point c over the road to find the 
location for point P. 
  
 Draw c'e (or se).  

 
  
Locate P at the intersection of road and line se . 

 
  
Compare the sum cP + Pe for each case to verify 
that the location found for P minimizes this sum. 

ANSWER:  
Sample answer: 

 

Graph  and its image in the given line.

 
5. y  = –2 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line y  = –2. 
  
Vertex A is 3 units up from y  = –2, locate the point 
3 units down from y  = –2. A ' would be (1, –5). 
Vertex B is on the line y  = –2, so B' would be at the
same point (2, –2). 
Vertex C is 4 units up from y  = –2, locate the point 
4 units down from y  = –2. C' would be (7, –6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  
  

 

ANSWER:  

 

6. x = 3 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line x = 3. 
  
Vertex A is 2 units left from x = 3, locate the point 
2 units right from x = 3. A ' would be at (5, 1). 
Vertex B is 1 unit left from  x = 3, locate the point 1
unit right from x = 3. B' would be at (4, –2). 
Vertex C is 4 units right from x = 3, locate the point
4 units left from x = 3. C' would be at (–1, 2). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

Graph each figure and its image under the given
reflection. 

7.  with vertices X(0, 4), Y(–3, 4), and Z(–4, –1) 
in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 
X(0, 4) → X'(0, 4) 
Y(–3, 4) → Y'(3, 4) 
Z(–4, –1) →Z'(4, –1) 
  
Plot the points. Then connect the vertices, X ', Y', 
and Z' to form the reflected image. 
  

 

ANSWER:  

 

8.  QRST with vertices Q(–1, 4), R(4, 4), S(3, 1), and
T(–2, 1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

Q(–1, 4) → Q'(–1, –4) 

R(4, 4) → R'(4, –4) 

S(3, 1) →S'(3, –1) 

T(–2, 1) →T'(–2, –1) 
  
Plot the points. Then connect the vertices, Q', R', S',
and T' to form the reflected image. 
  

 

ANSWER:  

 

9. Given quadrilaterals J(–3, 1), K(–1, 3), L(1, 3), and M
(–3, –1) and its image J'(1, –3), K'(3, –1), L'(3, 1), 
and M'(–1, –3), describe the transformation using 
coordinate notation.  

SOLUTION:  
Plot the points for the preimage and the image. 
  

 
The transformation sends each vertex as follows.
  
J(–3, 1) →  J'(1, –3) 

K(–1, 3) →  K'(3, –1) 

L(1, 3) → L'(3, 1) 

M(–3, –1)  → M'(–1, –3) 
  
That means that (x, y ) → (y , x). 
  
This is the result of a reflection over the y = x .  

ANSWER:  
(x, y ) → (y , x); reflection in the y = x .  

TOOLS Copy the figure and the given line of 
reflection. Then draw the reflected image in this
line using a ruler. 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point X  to the 
line k. Then locate X ' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect the vertices, X ', Y', and Z' to form the 
reflected image.  

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line s. 
Step 2: Measure the distance from point J to the 
line s. Then locate J' the same distance from line s 
on the opposite side.  
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect the vertices J', K', L', and M' to 
form the reflected image.  

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line c. 
Step 2: Measure the distance from point E to the 
line c. Then locate E' the same distance from line c 
on the opposite side.  
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect the vertices, E', F', G' and H' to 
form the reflected image.  

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line t. 
Step 2: Measure the distance from point A  to the 
line t. Then locate A ' the same distance from line t 
on the opposite side.  
Step 3: Repeat Step 2 to locate points B', C' and 
D'. Then connect the vertices, A ', B', C' and D' to 
form the reflected image.  

 

ANSWER:  

 

14.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line w. 
Step 2: Measure the distance from point P to the 
line w. Then locate P' the same distance from line w
on the opposite side.  
Step 3: Repeat Step 2 to locate points Q', R', S', 
T,' and U'. Then connect the vertices P', Q', R', S', 
T', and U' to form the reflected image.  

 

ANSWER:  

 

15.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point V to the 
line f . Then locate V' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect the vertices, V', W', X ', Y' and
Z' to form the reflected image.  

 

ANSWER:  

 

SPORTS When a ball is rolled or struck without
spin against a wall, it bounces off the wall and 
travels in a ray that is the reflected image of the
path of the ball if it had gone straight through 
the wall. Use this information in Exercises 16 
and 17. 

 
16. BILLIARDS Tadeo is playing billiards. He wants to

strike the eight ball with the cue ball so that the eight 
ball bounces off the rail and rolls into the indicated 
pocket. If the eight ball moves with no spin, draw a 
diagram showing the exact point P along the right rail
where the eight ball should hit after being struck by 
the cue ball. 

 

SOLUTION:  
We want to determine where the 8 ball should hit the
rail so that it goes into the side pocket. To do this, we
will need to locate a point P on the rail of the table 
such that P is collinear with the side pocket and the 
reflection of the 8 ball.  
  
Step 1: Locate the reflection of the 8 ball. The rail 
(red line) is equidistant from the 8 ball and the 
reflection. 

 
Step 2: Draw a line from the side pocket to the 
reflection. We now know the line along which the 8 
ball should travel in order to go into the side pocket. 

 
The intersection of the red and blue lines is the 
location of point P. The distance from P to the 8 ball 
and from P to the reflection are equal. 

 

ANSWER:  

 

17. INDOOR SOCCER Abby is playing indoor soccer,
and she wants to hit the ball to point C, but must 
avoid an opposing player at point B. She decides to 
hit the ball at point A so that it bounces off the side 
wall. Draw a diagram that shows the exact point 
along the top wall for which Abby should aim. 

 

SOLUTION:  
You are asked to locate a point P on line k such 
that cP + A'P  has the least possible value. 
 
The total distance from c to P and then from A ' to P
is least when these three points are collinear. Use 
the reflection of point A  in line k to find the location 
for point P. 
  
Draw A 'c . Locate P at the intersection of line k and
line A 'c. 
  
Compare the sum cP + A'P  for each case to verify 
that the location found for P minimizes this sum 

 

ANSWER:  

 

Graph each figure and its image in the given 
line. 

 

 

 
18.  y  = 3 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line y  =
3. 
  
Draw y  = 3. 
  
Vertex A is 5 units up from y  = 3, locate the point 5
units down from y  = 3. A ' would be (–5, –2). 
Vertex B is 2 units up from the y  = 3,  locate the 
point 2 units down from y  = 3. B' would be (–1, 1). 
Vertex C is 3 units down from y  = 3, locate the 
point 3 units up from y  = 3. C' would be (–4, 6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

19.  x = –1 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line x =
–1. 
  
Draw x = –1. 
  
Vertex A is 4 units left from x = –1, locate the point
4 units right from x = –1. A ' would be (3, 8). 
Vertex B is on the line x = –1,  so B' would be (–1, 
5). 
Vertex C is 3 units left from x = –1, locate the point
3 units right from x = –1. C' would be (2, 0). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

20. JKLM; x = 1 

SOLUTION:  
J is (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line x = 1. 
  
Draw the line x = 1. 
  
Vertex J is at 2 units right from x = 1, locate the 
point 2 units left from x = 1. J' would be (–1, 8). 
Vertex K is 5 units right from x = 1, locate the point
5 units left from x = 1. K' would be (–4, 8). 
Vertex L is 5 units right from x = 1, locate the point 
5 units left from x = 1. L' would be (–4, 5). 
Vertex M is on x = 1, so M' would be (1, 2). 
  
Then connect the vertices, J', K', L', and M' to form
the reflected image. 

 

ANSWER:  

 

21. JKLM; y  = 4 

SOLUTION:  
J is at (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line y  = 4. 
  
Draw the line y  = 4. 
  
Vertex J is 4 units up from y  = 4, locate the point 4 
units down from y  = 4. J' would be (3, 0). 
Vertex K is 4 units up from y  = 4, locate the point 4
units down from y  = 4. K' would be (6, 0). 
Vertex L is 1 unit up from y  = 4, locate the point 1 
unit down from y  = 4. L' would be (6, 3). 
Vertex M is 2 units down from y  = 4, locate the 
point 2 units up from y  = 4. M' would be (1, 6). 
  
Then connect the vertices J', K', L', and M' to form 
the reflected image. 

 

ANSWER:  

 

22. WXYZ; y  = –4 

SOLUTION:  
W is at (–2, –2), X  is at (6, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line y  = –4. 
  
Draw the line y  = –4. 
  
Vertex W is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. W' would be (–2, –6). 
Vertex X is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. X ' would be (6, –6). 
Vertex Y is 1 unit down from y  = –4, locate the 
point 1 unit up from y  = –4. Y' would be (4, –3). 
Vertex Z is 3 units down from y  = –4, locate the 
point 3 units up from y  = –4. Z' would be (0, –1). 
  
Then connect the vertices W', X ', Y', and Z' to form 
the reflected image. 
  

 

ANSWER:  

 

23. WXYZ; x = –2 

SOLUTION:  
W is at (–2, –2), X  is at (5, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line x = –2. 
  
Draw the line x = –2. 
  
Vertex W is on x = –2, so W' would be (–2, –2). 
Vertex X is 7 units right from x = –2, locate the 
point 7 units left from x = –2. X ' would be (–9, –2).
Vertex Y is 6 units right from x = –2, locate the 
point 6 units left from x = –2. Y' would be (–8, –5). 
Vertex Z is 2 units right from x = –2, locate the 
point 2 units left from x = –2. Z' would be (–4, –7).
  
Then connect the vertices, W', X ', Y', and Z' to form
the reflected image. 
  

 

ANSWER:  

 

STRUCTURE  Graph each figure and its image 
under the given reflection. 

24. rectangle ABCD with vertices A(–5, 2), B(1, 2), C(1, 
–1), and D(–5, –1) in the line y  = –2 

SOLUTION:  
To reflect over the line  y  = –2, subtract from the y -
coordinate the distance from the y  = –2 line.  
  
(x, y ) → (x, y – distance from y = –2 ) 

A(–5, 2) → Distance: +4, A'(–5, –6) 

B(1, 2) → Distance: +4, B'(1, –6) 

C(1, –1) → Distance: +1, C'(1, –3), 

D(–5, –1) →Distance: +1, D'(–5, –3) 
  
Plot the points. Then connect the vertices, A ', B', 
C', and D' to form the reflected image. 

 

ANSWER:  

 

25. square JKLM  with vertices J(–4, 6), K(0, 6), L(0, 2),
and M (–4, 2) in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 

J(–4, 6) → J'(4, 6) 

K(0, 6), → K'(0, 6) 

L(0, 2) → L'(0, 2) 

M(–4, 2)  → M'(4, 2) 
  
Plot the points. Then connect the vertices, J, K', 
L',and M' to form the reflected image. 

 

ANSWER:  

 

26.  with vertices F(–3, 2), G(–4, –1), and H(–6, 
–1) in the line y  = x 

SOLUTION:  
To reflect over line y  = x, interchange the x- and  y -
coordinates.  
  
(x, y ) → (y, x)  

 F(–3, 2), →   F'(2, –3) 

G(–4, –1) → G'(–1, –4) 

H(–6, –1) → H'(–1, –6) 
  
Plot the points. Then connect the vertices, F', G', 
and H' to form the reflected image. 
  

 

ANSWER:  

 

27.  with vertices W(2, 3), X(7, 3), Y(6, –1), and 

Z(1, –1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

W(2, 3) →  W'(2, –3) 

X(7, 3) → X'(7, –3), 

Y(6, –1) → Y'(6, 1) 

Z(1, –1) →  Z'(1, 1) 
  
Plot the points. Then connect the vertices, W', X ', 
Y',and Z' to form the reflected image. 
  

 

ANSWER:  

 

Given each figure and image, describe the 
transformation using coordinate notation. 

28. P(–1, 4), Q(2, 4), R(1, –1), and S(–1, –1) and P'(1, 
4), Q'(–2, 4), R'(–1, –1), and S'(1, –1)  

SOLUTION:  
Plot the points for the figure and its image.  

 
Compare the coordinates. 
  
P(–1, 4) →  P'(1, 4) 

Q(2, 4) → Q'(–2, 4) 

R(1, –1) → R'(–1, –1) 

S(–1, –1) →  S'(1, –1) 

To get from the figure to its image each (x, y ) → (–
x, y ). 
This means a reflection in the y -axis.  

ANSWER:  
(x, y ) → (–x, y ); reflection in the y -axis 

29. S(–3, –2), T(–2, 3), and U(2, 2) and S'(–2, –3), T'(3, 
–2), and U'(2, 2) 

SOLUTION:  
Plot the points for the figure and its image.  
  

 
  
Compare the coordinates. 
  
S(–3, –2) → S'(–2 –3) 

T(–2, 3) → T'(3, –2) 

U(2, 2) → U'(2, 2) 
Each vertex is transformed by (x, y ) → (y , x). 
This is a reflection in the line y  = x, interchange the 
x- and  y -coordinates.  

ANSWER:  
(x, y ) → (y , x); reflection in the line y  = x 

Each figure shows a preimage and its reflected 
image in some line. Copy each figure and draw 
the line of reflection. 

30.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

31.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  

 

ANSWER:  

 

32.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

CONSTRUCTION To construct the reflection 
of a figure in a line using only a compass and a 
straightedge, 
you can use: 
• the construction of a line perpendicular to a 
given line through a point not on the line 
(Lesson 1-5), and 
• the construction of a segment congruent to a 
given segment (Lesson 1-2). 

 
TOOLS  Copy each figure and the given line of 
reflection. Then construct the reflected image. 

33.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at B 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from B to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
A and C. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

34.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at K 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from K to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
J and L. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
  
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

35. ARCHITECTURE Refer to the photo of the 
building on page 227.  
a. Identify the line of reflection.  
b. Identify the preimage/image pairs. Assume that 
architectural features on the left-hand side of the 
picture represent the preimages. 

SOLUTION:  

a. is the line of reflection because each point to
its left matches a point to its right.  
b. A and C, D and F,  and ,  and .  

ANSWER:  

a.  

b. A and C, D and F,  and ,  and .  

ALGEBRA Graph the line y  = 2x – 3 and its 
reflected image in the given line. What is the 
equation of the reflected image? 

36. x-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the x-axis, the x-intercept will 
be the same in the reflection. Use the y-intercept to 
find a second point on the reflected line. Since the y-
intercept is –3,  the y-intercept of the reflected line 
will be 3.  
  
Use (1.5, 0) and (0, 3) to write an equation for the 
reflected line.  
  

 
  

 
  

 

ANSWER:  

 

37. y-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y-axis, the y-intercept will 
be the same in the reflection. Use the x-intercept to 
find a second point on the reflected line. Since the x-
intercept is 1.5,  the x-intercept of the reflected line 
will be –1.5.  
  
Use (–1.5, 0) and (0, –3) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

38. y  = x 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y = x line, the x- and y-
coordinates are switched. Switch the coordinates for 
the intercepts.  The y-intercept is (0, –3), so x-
intercept of the reflected line would be (–3, 0). The 
x-intercept is (1.5, 0), so y-intercept of the reflected 
line would be (0, 1.5) 
  
Use (0, 1.5) and (–3, 0) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

39. Reflect  shown below in the line y  = 3x. 

 

SOLUTION:  
Each vertex and its image will be equidistant from y  
= 3x. To estimate the placement of the images of 
each vertex, first find the equation of the lines 
perpendicular to y  = 3x that pass through each 

vertex. Each of these lines will have the slope , 

which is the negative reciprocal of the slope in y  = 
3x. 
  
Vertex C(-3, 6) 

 
Graph this line. Use a ruler to find the distance 
between C(-3, 6) and the point of intersection with 
the line of reflection. Mark C' an equal distance 
along this line. 
  
Vertex D(-1, 1) 

 
Graph this line. Use a ruler to find the distance 
between D(-1, 1) and the point of intersection with 
the line of reflection. Mark D' an equal distance 
along this line. 
  
Vertex E(3, 5) 

 
Graph this line. Use a ruler to find the distance 
between E(3, 5) and the point of intersection with 
the line of reflection. Mark E' an equal distance 
along this line. 
Connect the vertices, C', D', and E' to form the 
reflected image. 

 
  

 

ANSWER:  

 

40. Relocate vertex C so that ABCDE is convex, and all 
sides remain the same length. 

 

SOLUTION:  
If you reflect vertex C over the BD line, the figure 
would become convex.  

 

ANSWER:  

 

ALGEBRA Graph the reflection of each 
function in the given line. Then write the 
equation of the reflected image. 

41. x-axis 

 

SOLUTION:  
To reflect a point in the x-axis, multiply its y -
coordinate by –1.  
  
To reflect   in the x-axis multiply by –
1.  

 

ANSWER:  

 

42. y-axis 

 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
To reflect  over the y -axis, multiply x 
by –1. The reflected equation will then be 

. 
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3-1 Reflections 



Copy the figure and the given line of reflection. 
Then draw the reflected image in this line using
a ruler. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line a. 
Step 2: Measure the distance from point C to the 
line a. Then locate C' the same distance from line a 
on the opposite side.  
Step 3: Repeat Step 2 to locate points D' and F'. 
Then connect the vertices, C', D', and F' to form 
the reflected image.  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point Q to the 
line k. Then locate Q' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points R', S' and 
T'. Then connect the vertices, Q', R', S', and T' to 
form the reflected image.  

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point W to the 
line f . Then locate W' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect the vertices, W', X ', Y' and Z' to 
form the reflected image.  
  

 

ANSWER:  

 

4. SPORTING EVENTS Toru is waiting at a café for 
a friend to bring him a ticket to a sold-out sporting 
event. At what point P along the street should the 
friend try to stop his car to minimize the distance 
Toru will have to walk from the café, to the car, and 
then to the arena entrance? Draw a diagram. 

 

SOLUTION:  
 You are asked to locate a point P on line se such 
that cP + Pe has the least possible value. 
 
The total distance from s to P and then from P to e 
is least when these three points are collinear. Use 
the reflection of point c over the road to find the 
location for point P. 
  
 Draw c'e (or se).  

 
  
Locate P at the intersection of road and line se . 

 
  
Compare the sum cP + Pe for each case to verify 
that the location found for P minimizes this sum. 

ANSWER:  
Sample answer: 

 

Graph  and its image in the given line.

 
5. y  = –2 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line y  = –2. 
  
Vertex A is 3 units up from y  = –2, locate the point 
3 units down from y  = –2. A ' would be (1, –5). 
Vertex B is on the line y  = –2, so B' would be at the
same point (2, –2). 
Vertex C is 4 units up from y  = –2, locate the point 
4 units down from y  = –2. C' would be (7, –6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  
  

 

ANSWER:  

 

6. x = 3 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line x = 3. 
  
Vertex A is 2 units left from x = 3, locate the point 
2 units right from x = 3. A ' would be at (5, 1). 
Vertex B is 1 unit left from  x = 3, locate the point 1
unit right from x = 3. B' would be at (4, –2). 
Vertex C is 4 units right from x = 3, locate the point
4 units left from x = 3. C' would be at (–1, 2). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

Graph each figure and its image under the given
reflection. 

7.  with vertices X(0, 4), Y(–3, 4), and Z(–4, –1) 
in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 
X(0, 4) → X'(0, 4) 
Y(–3, 4) → Y'(3, 4) 
Z(–4, –1) →Z'(4, –1) 
  
Plot the points. Then connect the vertices, X ', Y', 
and Z' to form the reflected image. 
  

 

ANSWER:  

 

8.  QRST with vertices Q(–1, 4), R(4, 4), S(3, 1), and
T(–2, 1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

Q(–1, 4) → Q'(–1, –4) 

R(4, 4) → R'(4, –4) 

S(3, 1) →S'(3, –1) 

T(–2, 1) →T'(–2, –1) 
  
Plot the points. Then connect the vertices, Q', R', S',
and T' to form the reflected image. 
  

 

ANSWER:  

 

9. Given quadrilaterals J(–3, 1), K(–1, 3), L(1, 3), and M
(–3, –1) and its image J'(1, –3), K'(3, –1), L'(3, 1), 
and M'(–1, –3), describe the transformation using 
coordinate notation.  

SOLUTION:  
Plot the points for the preimage and the image. 
  

 
The transformation sends each vertex as follows.
  
J(–3, 1) →  J'(1, –3) 

K(–1, 3) →  K'(3, –1) 

L(1, 3) → L'(3, 1) 

M(–3, –1)  → M'(–1, –3) 
  
That means that (x, y ) → (y , x). 
  
This is the result of a reflection over the y = x .  

ANSWER:  
(x, y ) → (y , x); reflection in the y = x .  

TOOLS Copy the figure and the given line of 
reflection. Then draw the reflected image in this
line using a ruler. 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point X  to the 
line k. Then locate X ' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect the vertices, X ', Y', and Z' to form the 
reflected image.  

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line s. 
Step 2: Measure the distance from point J to the 
line s. Then locate J' the same distance from line s 
on the opposite side.  
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect the vertices J', K', L', and M' to 
form the reflected image.  

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line c. 
Step 2: Measure the distance from point E to the 
line c. Then locate E' the same distance from line c 
on the opposite side.  
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect the vertices, E', F', G' and H' to 
form the reflected image.  

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line t. 
Step 2: Measure the distance from point A  to the 
line t. Then locate A ' the same distance from line t 
on the opposite side.  
Step 3: Repeat Step 2 to locate points B', C' and 
D'. Then connect the vertices, A ', B', C' and D' to 
form the reflected image.  

 

ANSWER:  

 

14.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line w. 
Step 2: Measure the distance from point P to the 
line w. Then locate P' the same distance from line w
on the opposite side.  
Step 3: Repeat Step 2 to locate points Q', R', S', 
T,' and U'. Then connect the vertices P', Q', R', S', 
T', and U' to form the reflected image.  

 

ANSWER:  

 

15.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point V to the 
line f . Then locate V' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect the vertices, V', W', X ', Y' and
Z' to form the reflected image.  

 

ANSWER:  

 

SPORTS When a ball is rolled or struck without
spin against a wall, it bounces off the wall and 
travels in a ray that is the reflected image of the
path of the ball if it had gone straight through 
the wall. Use this information in Exercises 16 
and 17. 

 
16. BILLIARDS Tadeo is playing billiards. He wants to

strike the eight ball with the cue ball so that the eight 
ball bounces off the rail and rolls into the indicated 
pocket. If the eight ball moves with no spin, draw a 
diagram showing the exact point P along the right rail
where the eight ball should hit after being struck by 
the cue ball. 

 

SOLUTION:  
We want to determine where the 8 ball should hit the
rail so that it goes into the side pocket. To do this, we
will need to locate a point P on the rail of the table 
such that P is collinear with the side pocket and the 
reflection of the 8 ball.  
  
Step 1: Locate the reflection of the 8 ball. The rail 
(red line) is equidistant from the 8 ball and the 
reflection. 

 
Step 2: Draw a line from the side pocket to the 
reflection. We now know the line along which the 8 
ball should travel in order to go into the side pocket. 

 
The intersection of the red and blue lines is the 
location of point P. The distance from P to the 8 ball 
and from P to the reflection are equal. 

 

ANSWER:  

 

17. INDOOR SOCCER Abby is playing indoor soccer,
and she wants to hit the ball to point C, but must 
avoid an opposing player at point B. She decides to 
hit the ball at point A so that it bounces off the side 
wall. Draw a diagram that shows the exact point 
along the top wall for which Abby should aim. 

 

SOLUTION:  
You are asked to locate a point P on line k such 
that cP + A'P  has the least possible value. 
 
The total distance from c to P and then from A ' to P
is least when these three points are collinear. Use 
the reflection of point A  in line k to find the location 
for point P. 
  
Draw A 'c . Locate P at the intersection of line k and
line A 'c. 
  
Compare the sum cP + A'P  for each case to verify 
that the location found for P minimizes this sum 

 

ANSWER:  

 

Graph each figure and its image in the given 
line. 

 

 

 
18.  y  = 3 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line y  =
3. 
  
Draw y  = 3. 
  
Vertex A is 5 units up from y  = 3, locate the point 5
units down from y  = 3. A ' would be (–5, –2). 
Vertex B is 2 units up from the y  = 3,  locate the 
point 2 units down from y  = 3. B' would be (–1, 1). 
Vertex C is 3 units down from y  = 3, locate the 
point 3 units up from y  = 3. C' would be (–4, 6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

19.  x = –1 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line x =
–1. 
  
Draw x = –1. 
  
Vertex A is 4 units left from x = –1, locate the point
4 units right from x = –1. A ' would be (3, 8). 
Vertex B is on the line x = –1,  so B' would be (–1, 
5). 
Vertex C is 3 units left from x = –1, locate the point
3 units right from x = –1. C' would be (2, 0). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

20. JKLM; x = 1 

SOLUTION:  
J is (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line x = 1. 
  
Draw the line x = 1. 
  
Vertex J is at 2 units right from x = 1, locate the 
point 2 units left from x = 1. J' would be (–1, 8). 
Vertex K is 5 units right from x = 1, locate the point
5 units left from x = 1. K' would be (–4, 8). 
Vertex L is 5 units right from x = 1, locate the point 
5 units left from x = 1. L' would be (–4, 5). 
Vertex M is on x = 1, so M' would be (1, 2). 
  
Then connect the vertices, J', K', L', and M' to form
the reflected image. 

 

ANSWER:  

 

21. JKLM; y  = 4 

SOLUTION:  
J is at (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line y  = 4. 
  
Draw the line y  = 4. 
  
Vertex J is 4 units up from y  = 4, locate the point 4 
units down from y  = 4. J' would be (3, 0). 
Vertex K is 4 units up from y  = 4, locate the point 4
units down from y  = 4. K' would be (6, 0). 
Vertex L is 1 unit up from y  = 4, locate the point 1 
unit down from y  = 4. L' would be (6, 3). 
Vertex M is 2 units down from y  = 4, locate the 
point 2 units up from y  = 4. M' would be (1, 6). 
  
Then connect the vertices J', K', L', and M' to form 
the reflected image. 

 

ANSWER:  

 

22. WXYZ; y  = –4 

SOLUTION:  
W is at (–2, –2), X  is at (6, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line y  = –4. 
  
Draw the line y  = –4. 
  
Vertex W is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. W' would be (–2, –6). 
Vertex X is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. X ' would be (6, –6). 
Vertex Y is 1 unit down from y  = –4, locate the 
point 1 unit up from y  = –4. Y' would be (4, –3). 
Vertex Z is 3 units down from y  = –4, locate the 
point 3 units up from y  = –4. Z' would be (0, –1). 
  
Then connect the vertices W', X ', Y', and Z' to form 
the reflected image. 
  

 

ANSWER:  

 

23. WXYZ; x = –2 

SOLUTION:  
W is at (–2, –2), X  is at (5, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line x = –2. 
  
Draw the line x = –2. 
  
Vertex W is on x = –2, so W' would be (–2, –2). 
Vertex X is 7 units right from x = –2, locate the 
point 7 units left from x = –2. X ' would be (–9, –2).
Vertex Y is 6 units right from x = –2, locate the 
point 6 units left from x = –2. Y' would be (–8, –5). 
Vertex Z is 2 units right from x = –2, locate the 
point 2 units left from x = –2. Z' would be (–4, –7).
  
Then connect the vertices, W', X ', Y', and Z' to form
the reflected image. 
  

 

ANSWER:  

 

STRUCTURE  Graph each figure and its image 
under the given reflection. 

24. rectangle ABCD with vertices A(–5, 2), B(1, 2), C(1, 
–1), and D(–5, –1) in the line y  = –2 

SOLUTION:  
To reflect over the line  y  = –2, subtract from the y -
coordinate the distance from the y  = –2 line.  
  
(x, y ) → (x, y – distance from y = –2 ) 

A(–5, 2) → Distance: +4, A'(–5, –6) 

B(1, 2) → Distance: +4, B'(1, –6) 

C(1, –1) → Distance: +1, C'(1, –3), 

D(–5, –1) →Distance: +1, D'(–5, –3) 
  
Plot the points. Then connect the vertices, A ', B', 
C', and D' to form the reflected image. 

 

ANSWER:  

 

25. square JKLM  with vertices J(–4, 6), K(0, 6), L(0, 2),
and M (–4, 2) in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 

J(–4, 6) → J'(4, 6) 

K(0, 6), → K'(0, 6) 

L(0, 2) → L'(0, 2) 

M(–4, 2)  → M'(4, 2) 
  
Plot the points. Then connect the vertices, J, K', 
L',and M' to form the reflected image. 

 

ANSWER:  

 

26.  with vertices F(–3, 2), G(–4, –1), and H(–6, 
–1) in the line y  = x 

SOLUTION:  
To reflect over line y  = x, interchange the x- and  y -
coordinates.  
  
(x, y ) → (y, x)  

 F(–3, 2), →   F'(2, –3) 

G(–4, –1) → G'(–1, –4) 

H(–6, –1) → H'(–1, –6) 
  
Plot the points. Then connect the vertices, F', G', 
and H' to form the reflected image. 
  

 

ANSWER:  

 

27.  with vertices W(2, 3), X(7, 3), Y(6, –1), and 

Z(1, –1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

W(2, 3) →  W'(2, –3) 

X(7, 3) → X'(7, –3), 

Y(6, –1) → Y'(6, 1) 

Z(1, –1) →  Z'(1, 1) 
  
Plot the points. Then connect the vertices, W', X ', 
Y',and Z' to form the reflected image. 
  

 

ANSWER:  

 

Given each figure and image, describe the 
transformation using coordinate notation. 

28. P(–1, 4), Q(2, 4), R(1, –1), and S(–1, –1) and P'(1, 
4), Q'(–2, 4), R'(–1, –1), and S'(1, –1)  

SOLUTION:  
Plot the points for the figure and its image.  

 
Compare the coordinates. 
  
P(–1, 4) →  P'(1, 4) 

Q(2, 4) → Q'(–2, 4) 

R(1, –1) → R'(–1, –1) 

S(–1, –1) →  S'(1, –1) 

To get from the figure to its image each (x, y ) → (–
x, y ). 
This means a reflection in the y -axis.  

ANSWER:  
(x, y ) → (–x, y ); reflection in the y -axis 

29. S(–3, –2), T(–2, 3), and U(2, 2) and S'(–2, –3), T'(3, 
–2), and U'(2, 2) 

SOLUTION:  
Plot the points for the figure and its image.  
  

 
  
Compare the coordinates. 
  
S(–3, –2) → S'(–2 –3) 

T(–2, 3) → T'(3, –2) 

U(2, 2) → U'(2, 2) 
Each vertex is transformed by (x, y ) → (y , x). 
This is a reflection in the line y  = x, interchange the 
x- and  y -coordinates.  

ANSWER:  
(x, y ) → (y , x); reflection in the line y  = x 

Each figure shows a preimage and its reflected 
image in some line. Copy each figure and draw 
the line of reflection. 

30.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

31.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  

 

ANSWER:  

 

32.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

CONSTRUCTION To construct the reflection 
of a figure in a line using only a compass and a 
straightedge, 
you can use: 
• the construction of a line perpendicular to a 
given line through a point not on the line 
(Lesson 1-5), and 
• the construction of a segment congruent to a 
given segment (Lesson 1-2). 

 
TOOLS  Copy each figure and the given line of 
reflection. Then construct the reflected image. 

33.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at B 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from B to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
A and C. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

34.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at K 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from K to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
J and L. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
  
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

35. ARCHITECTURE Refer to the photo of the 
building on page 227.  
a. Identify the line of reflection.  
b. Identify the preimage/image pairs. Assume that 
architectural features on the left-hand side of the 
picture represent the preimages. 

SOLUTION:  

a. is the line of reflection because each point to
its left matches a point to its right.  
b. A and C, D and F,  and ,  and .  

ANSWER:  

a.  

b. A and C, D and F,  and ,  and .  

ALGEBRA Graph the line y  = 2x – 3 and its 
reflected image in the given line. What is the 
equation of the reflected image? 

36. x-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the x-axis, the x-intercept will 
be the same in the reflection. Use the y-intercept to 
find a second point on the reflected line. Since the y-
intercept is –3,  the y-intercept of the reflected line 
will be 3.  
  
Use (1.5, 0) and (0, 3) to write an equation for the 
reflected line.  
  

 
  

 
  

 

ANSWER:  

 

37. y-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y-axis, the y-intercept will 
be the same in the reflection. Use the x-intercept to 
find a second point on the reflected line. Since the x-
intercept is 1.5,  the x-intercept of the reflected line 
will be –1.5.  
  
Use (–1.5, 0) and (0, –3) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

38. y  = x 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y = x line, the x- and y-
coordinates are switched. Switch the coordinates for 
the intercepts.  The y-intercept is (0, –3), so x-
intercept of the reflected line would be (–3, 0). The 
x-intercept is (1.5, 0), so y-intercept of the reflected 
line would be (0, 1.5) 
  
Use (0, 1.5) and (–3, 0) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

39. Reflect  shown below in the line y  = 3x. 

 

SOLUTION:  
Each vertex and its image will be equidistant from y  
= 3x. To estimate the placement of the images of 
each vertex, first find the equation of the lines 
perpendicular to y  = 3x that pass through each 

vertex. Each of these lines will have the slope , 

which is the negative reciprocal of the slope in y  = 
3x. 
  
Vertex C(-3, 6) 

 
Graph this line. Use a ruler to find the distance 
between C(-3, 6) and the point of intersection with 
the line of reflection. Mark C' an equal distance 
along this line. 
  
Vertex D(-1, 1) 

 
Graph this line. Use a ruler to find the distance 
between D(-1, 1) and the point of intersection with 
the line of reflection. Mark D' an equal distance 
along this line. 
  
Vertex E(3, 5) 

 
Graph this line. Use a ruler to find the distance 
between E(3, 5) and the point of intersection with 
the line of reflection. Mark E' an equal distance 
along this line. 
Connect the vertices, C', D', and E' to form the 
reflected image. 

 
  

 

ANSWER:  

 

40. Relocate vertex C so that ABCDE is convex, and all 
sides remain the same length. 

 

SOLUTION:  
If you reflect vertex C over the BD line, the figure 
would become convex.  

 

ANSWER:  

 

ALGEBRA Graph the reflection of each 
function in the given line. Then write the 
equation of the reflected image. 

41. x-axis 

 

SOLUTION:  
To reflect a point in the x-axis, multiply its y -
coordinate by –1.  
  
To reflect   in the x-axis multiply by –
1.  

 

ANSWER:  

 

42. y-axis 

 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
To reflect  over the y -axis, multiply x 
by –1. The reflected equation will then be 

. 

  
  

 

Copy the figure and the given line of reflection. 
Then draw the reflected image in this line using
a ruler. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line a. 
Step 2: Measure the distance from point C to the 
line a. Then locate C' the same distance from line a 
on the opposite side.  
Step 3: Repeat Step 2 to locate points D' and F'. 
Then connect the vertices, C', D', and F' to form 
the reflected image.  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point Q to the 
line k. Then locate Q' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points R', S' and 
T'. Then connect the vertices, Q', R', S', and T' to 
form the reflected image.  

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point W to the 
line f . Then locate W' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect the vertices, W', X ', Y' and Z' to 
form the reflected image.  
  

 

ANSWER:  

 

4. SPORTING EVENTS Toru is waiting at a café for 
a friend to bring him a ticket to a sold-out sporting 
event. At what point P along the street should the 
friend try to stop his car to minimize the distance 
Toru will have to walk from the café, to the car, and 
then to the arena entrance? Draw a diagram. 

 

SOLUTION:  
 You are asked to locate a point P on line se such 
that cP + Pe has the least possible value. 
 
The total distance from s to P and then from P to e 
is least when these three points are collinear. Use 
the reflection of point c over the road to find the 
location for point P. 
  
 Draw c'e (or se).  

 
  
Locate P at the intersection of road and line se . 

 
  
Compare the sum cP + Pe for each case to verify 
that the location found for P minimizes this sum. 

ANSWER:  
Sample answer: 

 

Graph  and its image in the given line.

 
5. y  = –2 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line y  = –2. 
  
Vertex A is 3 units up from y  = –2, locate the point 
3 units down from y  = –2. A ' would be (1, –5). 
Vertex B is on the line y  = –2, so B' would be at the
same point (2, –2). 
Vertex C is 4 units up from y  = –2, locate the point 
4 units down from y  = –2. C' would be (7, –6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  
  

 

ANSWER:  

 

6. x = 3 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line x = 3. 
  
Vertex A is 2 units left from x = 3, locate the point 
2 units right from x = 3. A ' would be at (5, 1). 
Vertex B is 1 unit left from  x = 3, locate the point 1
unit right from x = 3. B' would be at (4, –2). 
Vertex C is 4 units right from x = 3, locate the point
4 units left from x = 3. C' would be at (–1, 2). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

Graph each figure and its image under the given
reflection. 

7.  with vertices X(0, 4), Y(–3, 4), and Z(–4, –1) 
in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 
X(0, 4) → X'(0, 4) 
Y(–3, 4) → Y'(3, 4) 
Z(–4, –1) →Z'(4, –1) 
  
Plot the points. Then connect the vertices, X ', Y', 
and Z' to form the reflected image. 
  

 

ANSWER:  

 

8.  QRST with vertices Q(–1, 4), R(4, 4), S(3, 1), and
T(–2, 1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

Q(–1, 4) → Q'(–1, –4) 

R(4, 4) → R'(4, –4) 

S(3, 1) →S'(3, –1) 

T(–2, 1) →T'(–2, –1) 
  
Plot the points. Then connect the vertices, Q', R', S',
and T' to form the reflected image. 
  

 

ANSWER:  

 

9. Given quadrilaterals J(–3, 1), K(–1, 3), L(1, 3), and M
(–3, –1) and its image J'(1, –3), K'(3, –1), L'(3, 1), 
and M'(–1, –3), describe the transformation using 
coordinate notation.  

SOLUTION:  
Plot the points for the preimage and the image. 
  

 
The transformation sends each vertex as follows.
  
J(–3, 1) →  J'(1, –3) 

K(–1, 3) →  K'(3, –1) 

L(1, 3) → L'(3, 1) 

M(–3, –1)  → M'(–1, –3) 
  
That means that (x, y ) → (y , x). 
  
This is the result of a reflection over the y = x .  

ANSWER:  
(x, y ) → (y , x); reflection in the y = x .  

TOOLS Copy the figure and the given line of 
reflection. Then draw the reflected image in this
line using a ruler. 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point X  to the 
line k. Then locate X ' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect the vertices, X ', Y', and Z' to form the 
reflected image.  

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line s. 
Step 2: Measure the distance from point J to the 
line s. Then locate J' the same distance from line s 
on the opposite side.  
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect the vertices J', K', L', and M' to 
form the reflected image.  

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line c. 
Step 2: Measure the distance from point E to the 
line c. Then locate E' the same distance from line c 
on the opposite side.  
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect the vertices, E', F', G' and H' to 
form the reflected image.  

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line t. 
Step 2: Measure the distance from point A  to the 
line t. Then locate A ' the same distance from line t 
on the opposite side.  
Step 3: Repeat Step 2 to locate points B', C' and 
D'. Then connect the vertices, A ', B', C' and D' to 
form the reflected image.  

 

ANSWER:  

 

14.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line w. 
Step 2: Measure the distance from point P to the 
line w. Then locate P' the same distance from line w
on the opposite side.  
Step 3: Repeat Step 2 to locate points Q', R', S', 
T,' and U'. Then connect the vertices P', Q', R', S', 
T', and U' to form the reflected image.  

 

ANSWER:  

 

15.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point V to the 
line f . Then locate V' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect the vertices, V', W', X ', Y' and
Z' to form the reflected image.  

 

ANSWER:  

 

SPORTS When a ball is rolled or struck without
spin against a wall, it bounces off the wall and 
travels in a ray that is the reflected image of the
path of the ball if it had gone straight through 
the wall. Use this information in Exercises 16 
and 17. 

 
16. BILLIARDS Tadeo is playing billiards. He wants to

strike the eight ball with the cue ball so that the eight 
ball bounces off the rail and rolls into the indicated 
pocket. If the eight ball moves with no spin, draw a 
diagram showing the exact point P along the right rail
where the eight ball should hit after being struck by 
the cue ball. 

 

SOLUTION:  
We want to determine where the 8 ball should hit the
rail so that it goes into the side pocket. To do this, we
will need to locate a point P on the rail of the table 
such that P is collinear with the side pocket and the 
reflection of the 8 ball.  
  
Step 1: Locate the reflection of the 8 ball. The rail 
(red line) is equidistant from the 8 ball and the 
reflection. 

 
Step 2: Draw a line from the side pocket to the 
reflection. We now know the line along which the 8 
ball should travel in order to go into the side pocket. 

 
The intersection of the red and blue lines is the 
location of point P. The distance from P to the 8 ball 
and from P to the reflection are equal. 

 

ANSWER:  

 

17. INDOOR SOCCER Abby is playing indoor soccer,
and she wants to hit the ball to point C, but must 
avoid an opposing player at point B. She decides to 
hit the ball at point A so that it bounces off the side 
wall. Draw a diagram that shows the exact point 
along the top wall for which Abby should aim. 

 

SOLUTION:  
You are asked to locate a point P on line k such 
that cP + A'P  has the least possible value. 
 
The total distance from c to P and then from A ' to P
is least when these three points are collinear. Use 
the reflection of point A  in line k to find the location 
for point P. 
  
Draw A 'c . Locate P at the intersection of line k and
line A 'c. 
  
Compare the sum cP + A'P  for each case to verify 
that the location found for P minimizes this sum 

 

ANSWER:  

 

Graph each figure and its image in the given 
line. 

 

 

 
18.  y  = 3 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line y  =
3. 
  
Draw y  = 3. 
  
Vertex A is 5 units up from y  = 3, locate the point 5
units down from y  = 3. A ' would be (–5, –2). 
Vertex B is 2 units up from the y  = 3,  locate the 
point 2 units down from y  = 3. B' would be (–1, 1). 
Vertex C is 3 units down from y  = 3, locate the 
point 3 units up from y  = 3. C' would be (–4, 6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

19.  x = –1 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line x =
–1. 
  
Draw x = –1. 
  
Vertex A is 4 units left from x = –1, locate the point
4 units right from x = –1. A ' would be (3, 8). 
Vertex B is on the line x = –1,  so B' would be (–1, 
5). 
Vertex C is 3 units left from x = –1, locate the point
3 units right from x = –1. C' would be (2, 0). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

20. JKLM; x = 1 

SOLUTION:  
J is (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line x = 1. 
  
Draw the line x = 1. 
  
Vertex J is at 2 units right from x = 1, locate the 
point 2 units left from x = 1. J' would be (–1, 8). 
Vertex K is 5 units right from x = 1, locate the point
5 units left from x = 1. K' would be (–4, 8). 
Vertex L is 5 units right from x = 1, locate the point 
5 units left from x = 1. L' would be (–4, 5). 
Vertex M is on x = 1, so M' would be (1, 2). 
  
Then connect the vertices, J', K', L', and M' to form
the reflected image. 

 

ANSWER:  

 

21. JKLM; y  = 4 

SOLUTION:  
J is at (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line y  = 4. 
  
Draw the line y  = 4. 
  
Vertex J is 4 units up from y  = 4, locate the point 4 
units down from y  = 4. J' would be (3, 0). 
Vertex K is 4 units up from y  = 4, locate the point 4
units down from y  = 4. K' would be (6, 0). 
Vertex L is 1 unit up from y  = 4, locate the point 1 
unit down from y  = 4. L' would be (6, 3). 
Vertex M is 2 units down from y  = 4, locate the 
point 2 units up from y  = 4. M' would be (1, 6). 
  
Then connect the vertices J', K', L', and M' to form 
the reflected image. 

 

ANSWER:  

 

22. WXYZ; y  = –4 

SOLUTION:  
W is at (–2, –2), X  is at (6, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line y  = –4. 
  
Draw the line y  = –4. 
  
Vertex W is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. W' would be (–2, –6). 
Vertex X is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. X ' would be (6, –6). 
Vertex Y is 1 unit down from y  = –4, locate the 
point 1 unit up from y  = –4. Y' would be (4, –3). 
Vertex Z is 3 units down from y  = –4, locate the 
point 3 units up from y  = –4. Z' would be (0, –1). 
  
Then connect the vertices W', X ', Y', and Z' to form 
the reflected image. 
  

 

ANSWER:  

 

23. WXYZ; x = –2 

SOLUTION:  
W is at (–2, –2), X  is at (5, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line x = –2. 
  
Draw the line x = –2. 
  
Vertex W is on x = –2, so W' would be (–2, –2). 
Vertex X is 7 units right from x = –2, locate the 
point 7 units left from x = –2. X ' would be (–9, –2).
Vertex Y is 6 units right from x = –2, locate the 
point 6 units left from x = –2. Y' would be (–8, –5). 
Vertex Z is 2 units right from x = –2, locate the 
point 2 units left from x = –2. Z' would be (–4, –7).
  
Then connect the vertices, W', X ', Y', and Z' to form
the reflected image. 
  

 

ANSWER:  

 

STRUCTURE  Graph each figure and its image 
under the given reflection. 

24. rectangle ABCD with vertices A(–5, 2), B(1, 2), C(1, 
–1), and D(–5, –1) in the line y  = –2 

SOLUTION:  
To reflect over the line  y  = –2, subtract from the y -
coordinate the distance from the y  = –2 line.  
  
(x, y ) → (x, y – distance from y = –2 ) 

A(–5, 2) → Distance: +4, A'(–5, –6) 

B(1, 2) → Distance: +4, B'(1, –6) 

C(1, –1) → Distance: +1, C'(1, –3), 

D(–5, –1) →Distance: +1, D'(–5, –3) 
  
Plot the points. Then connect the vertices, A ', B', 
C', and D' to form the reflected image. 

 

ANSWER:  

 

25. square JKLM  with vertices J(–4, 6), K(0, 6), L(0, 2),
and M (–4, 2) in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 

J(–4, 6) → J'(4, 6) 

K(0, 6), → K'(0, 6) 

L(0, 2) → L'(0, 2) 

M(–4, 2)  → M'(4, 2) 
  
Plot the points. Then connect the vertices, J, K', 
L',and M' to form the reflected image. 

 

ANSWER:  

 

26.  with vertices F(–3, 2), G(–4, –1), and H(–6, 
–1) in the line y  = x 

SOLUTION:  
To reflect over line y  = x, interchange the x- and  y -
coordinates.  
  
(x, y ) → (y, x)  

 F(–3, 2), →   F'(2, –3) 

G(–4, –1) → G'(–1, –4) 

H(–6, –1) → H'(–1, –6) 
  
Plot the points. Then connect the vertices, F', G', 
and H' to form the reflected image. 
  

 

ANSWER:  

 

27.  with vertices W(2, 3), X(7, 3), Y(6, –1), and 

Z(1, –1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

W(2, 3) →  W'(2, –3) 

X(7, 3) → X'(7, –3), 

Y(6, –1) → Y'(6, 1) 

Z(1, –1) →  Z'(1, 1) 
  
Plot the points. Then connect the vertices, W', X ', 
Y',and Z' to form the reflected image. 
  

 

ANSWER:  

 

Given each figure and image, describe the 
transformation using coordinate notation. 

28. P(–1, 4), Q(2, 4), R(1, –1), and S(–1, –1) and P'(1, 
4), Q'(–2, 4), R'(–1, –1), and S'(1, –1)  

SOLUTION:  
Plot the points for the figure and its image.  

 
Compare the coordinates. 
  
P(–1, 4) →  P'(1, 4) 

Q(2, 4) → Q'(–2, 4) 

R(1, –1) → R'(–1, –1) 

S(–1, –1) →  S'(1, –1) 

To get from the figure to its image each (x, y ) → (–
x, y ). 
This means a reflection in the y -axis.  

ANSWER:  
(x, y ) → (–x, y ); reflection in the y -axis 

29. S(–3, –2), T(–2, 3), and U(2, 2) and S'(–2, –3), T'(3, 
–2), and U'(2, 2) 

SOLUTION:  
Plot the points for the figure and its image.  
  

 
  
Compare the coordinates. 
  
S(–3, –2) → S'(–2 –3) 

T(–2, 3) → T'(3, –2) 

U(2, 2) → U'(2, 2) 
Each vertex is transformed by (x, y ) → (y , x). 
This is a reflection in the line y  = x, interchange the 
x- and  y -coordinates.  

ANSWER:  
(x, y ) → (y , x); reflection in the line y  = x 

Each figure shows a preimage and its reflected 
image in some line. Copy each figure and draw 
the line of reflection. 

30.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

31.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  

 

ANSWER:  

 

32.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

CONSTRUCTION To construct the reflection 
of a figure in a line using only a compass and a 
straightedge, 
you can use: 
• the construction of a line perpendicular to a 
given line through a point not on the line 
(Lesson 1-5), and 
• the construction of a segment congruent to a 
given segment (Lesson 1-2). 

 
TOOLS  Copy each figure and the given line of 
reflection. Then construct the reflected image. 

33.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at B 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from B to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
A and C. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

34.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at K 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from K to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
J and L. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
  
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

35. ARCHITECTURE Refer to the photo of the 
building on page 227.  
a. Identify the line of reflection.  
b. Identify the preimage/image pairs. Assume that 
architectural features on the left-hand side of the 
picture represent the preimages. 

SOLUTION:  

a. is the line of reflection because each point to
its left matches a point to its right.  
b. A and C, D and F,  and ,  and .  

ANSWER:  

a.  

b. A and C, D and F,  and ,  and .  

ALGEBRA Graph the line y  = 2x – 3 and its 
reflected image in the given line. What is the 
equation of the reflected image? 

36. x-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the x-axis, the x-intercept will 
be the same in the reflection. Use the y-intercept to 
find a second point on the reflected line. Since the y-
intercept is –3,  the y-intercept of the reflected line 
will be 3.  
  
Use (1.5, 0) and (0, 3) to write an equation for the 
reflected line.  
  

 
  

 
  

 

ANSWER:  

 

37. y-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y-axis, the y-intercept will 
be the same in the reflection. Use the x-intercept to 
find a second point on the reflected line. Since the x-
intercept is 1.5,  the x-intercept of the reflected line 
will be –1.5.  
  
Use (–1.5, 0) and (0, –3) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

38. y  = x 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y = x line, the x- and y-
coordinates are switched. Switch the coordinates for 
the intercepts.  The y-intercept is (0, –3), so x-
intercept of the reflected line would be (–3, 0). The 
x-intercept is (1.5, 0), so y-intercept of the reflected 
line would be (0, 1.5) 
  
Use (0, 1.5) and (–3, 0) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

39. Reflect  shown below in the line y  = 3x. 

 

SOLUTION:  
Each vertex and its image will be equidistant from y  
= 3x. To estimate the placement of the images of 
each vertex, first find the equation of the lines 
perpendicular to y  = 3x that pass through each 

vertex. Each of these lines will have the slope , 

which is the negative reciprocal of the slope in y  = 
3x. 
  
Vertex C(-3, 6) 

 
Graph this line. Use a ruler to find the distance 
between C(-3, 6) and the point of intersection with 
the line of reflection. Mark C' an equal distance 
along this line. 
  
Vertex D(-1, 1) 

 
Graph this line. Use a ruler to find the distance 
between D(-1, 1) and the point of intersection with 
the line of reflection. Mark D' an equal distance 
along this line. 
  
Vertex E(3, 5) 

 
Graph this line. Use a ruler to find the distance 
between E(3, 5) and the point of intersection with 
the line of reflection. Mark E' an equal distance 
along this line. 
Connect the vertices, C', D', and E' to form the 
reflected image. 

 
  

 

ANSWER:  

 

40. Relocate vertex C so that ABCDE is convex, and all 
sides remain the same length. 

 

SOLUTION:  
If you reflect vertex C over the BD line, the figure 
would become convex.  

 

ANSWER:  

 

ALGEBRA Graph the reflection of each 
function in the given line. Then write the 
equation of the reflected image. 

41. x-axis 

 

SOLUTION:  
To reflect a point in the x-axis, multiply its y -
coordinate by –1.  
  
To reflect   in the x-axis multiply by –
1.  

 

ANSWER:  

 

42. y-axis 

 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
To reflect  over the y -axis, multiply x 
by –1. The reflected equation will then be 

. 
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Copy the figure and the given line of reflection. 
Then draw the reflected image in this line using
a ruler. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line a. 
Step 2: Measure the distance from point C to the 
line a. Then locate C' the same distance from line a 
on the opposite side.  
Step 3: Repeat Step 2 to locate points D' and F'. 
Then connect the vertices, C', D', and F' to form 
the reflected image.  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point Q to the 
line k. Then locate Q' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points R', S' and 
T'. Then connect the vertices, Q', R', S', and T' to 
form the reflected image.  

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point W to the 
line f . Then locate W' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect the vertices, W', X ', Y' and Z' to 
form the reflected image.  
  

 

ANSWER:  

 

4. SPORTING EVENTS Toru is waiting at a café for 
a friend to bring him a ticket to a sold-out sporting 
event. At what point P along the street should the 
friend try to stop his car to minimize the distance 
Toru will have to walk from the café, to the car, and 
then to the arena entrance? Draw a diagram. 

 

SOLUTION:  
 You are asked to locate a point P on line se such 
that cP + Pe has the least possible value. 
 
The total distance from s to P and then from P to e 
is least when these three points are collinear. Use 
the reflection of point c over the road to find the 
location for point P. 
  
 Draw c'e (or se).  

 
  
Locate P at the intersection of road and line se . 

 
  
Compare the sum cP + Pe for each case to verify 
that the location found for P minimizes this sum. 

ANSWER:  
Sample answer: 

 

Graph  and its image in the given line.

 
5. y  = –2 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line y  = –2. 
  
Vertex A is 3 units up from y  = –2, locate the point 
3 units down from y  = –2. A ' would be (1, –5). 
Vertex B is on the line y  = –2, so B' would be at the
same point (2, –2). 
Vertex C is 4 units up from y  = –2, locate the point 
4 units down from y  = –2. C' would be (7, –6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  
  

 

ANSWER:  

 

6. x = 3 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line x = 3. 
  
Vertex A is 2 units left from x = 3, locate the point 
2 units right from x = 3. A ' would be at (5, 1). 
Vertex B is 1 unit left from  x = 3, locate the point 1
unit right from x = 3. B' would be at (4, –2). 
Vertex C is 4 units right from x = 3, locate the point
4 units left from x = 3. C' would be at (–1, 2). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

Graph each figure and its image under the given
reflection. 

7.  with vertices X(0, 4), Y(–3, 4), and Z(–4, –1) 
in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 
X(0, 4) → X'(0, 4) 
Y(–3, 4) → Y'(3, 4) 
Z(–4, –1) →Z'(4, –1) 
  
Plot the points. Then connect the vertices, X ', Y', 
and Z' to form the reflected image. 
  

 

ANSWER:  

 

8.  QRST with vertices Q(–1, 4), R(4, 4), S(3, 1), and
T(–2, 1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

Q(–1, 4) → Q'(–1, –4) 

R(4, 4) → R'(4, –4) 

S(3, 1) →S'(3, –1) 

T(–2, 1) →T'(–2, –1) 
  
Plot the points. Then connect the vertices, Q', R', S',
and T' to form the reflected image. 
  

 

ANSWER:  

 

9. Given quadrilaterals J(–3, 1), K(–1, 3), L(1, 3), and M
(–3, –1) and its image J'(1, –3), K'(3, –1), L'(3, 1), 
and M'(–1, –3), describe the transformation using 
coordinate notation.  

SOLUTION:  
Plot the points for the preimage and the image. 
  

 
The transformation sends each vertex as follows.
  
J(–3, 1) →  J'(1, –3) 

K(–1, 3) →  K'(3, –1) 

L(1, 3) → L'(3, 1) 

M(–3, –1)  → M'(–1, –3) 
  
That means that (x, y ) → (y , x). 
  
This is the result of a reflection over the y = x .  

ANSWER:  
(x, y ) → (y , x); reflection in the y = x .  

TOOLS Copy the figure and the given line of 
reflection. Then draw the reflected image in this
line using a ruler. 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point X  to the 
line k. Then locate X ' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect the vertices, X ', Y', and Z' to form the 
reflected image.  

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line s. 
Step 2: Measure the distance from point J to the 
line s. Then locate J' the same distance from line s 
on the opposite side.  
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect the vertices J', K', L', and M' to 
form the reflected image.  

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line c. 
Step 2: Measure the distance from point E to the 
line c. Then locate E' the same distance from line c 
on the opposite side.  
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect the vertices, E', F', G' and H' to 
form the reflected image.  

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line t. 
Step 2: Measure the distance from point A  to the 
line t. Then locate A ' the same distance from line t 
on the opposite side.  
Step 3: Repeat Step 2 to locate points B', C' and 
D'. Then connect the vertices, A ', B', C' and D' to 
form the reflected image.  

 

ANSWER:  

 

14.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line w. 
Step 2: Measure the distance from point P to the 
line w. Then locate P' the same distance from line w
on the opposite side.  
Step 3: Repeat Step 2 to locate points Q', R', S', 
T,' and U'. Then connect the vertices P', Q', R', S', 
T', and U' to form the reflected image.  

 

ANSWER:  

 

15.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point V to the 
line f . Then locate V' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect the vertices, V', W', X ', Y' and
Z' to form the reflected image.  

 

ANSWER:  

 

SPORTS When a ball is rolled or struck without
spin against a wall, it bounces off the wall and 
travels in a ray that is the reflected image of the
path of the ball if it had gone straight through 
the wall. Use this information in Exercises 16 
and 17. 

 
16. BILLIARDS Tadeo is playing billiards. He wants to

strike the eight ball with the cue ball so that the eight 
ball bounces off the rail and rolls into the indicated 
pocket. If the eight ball moves with no spin, draw a 
diagram showing the exact point P along the right rail
where the eight ball should hit after being struck by 
the cue ball. 

 

SOLUTION:  
We want to determine where the 8 ball should hit the
rail so that it goes into the side pocket. To do this, we
will need to locate a point P on the rail of the table 
such that P is collinear with the side pocket and the 
reflection of the 8 ball.  
  
Step 1: Locate the reflection of the 8 ball. The rail 
(red line) is equidistant from the 8 ball and the 
reflection. 

 
Step 2: Draw a line from the side pocket to the 
reflection. We now know the line along which the 8 
ball should travel in order to go into the side pocket. 

 
The intersection of the red and blue lines is the 
location of point P. The distance from P to the 8 ball 
and from P to the reflection are equal. 

 

ANSWER:  

 

17. INDOOR SOCCER Abby is playing indoor soccer,
and she wants to hit the ball to point C, but must 
avoid an opposing player at point B. She decides to 
hit the ball at point A so that it bounces off the side 
wall. Draw a diagram that shows the exact point 
along the top wall for which Abby should aim. 

 

SOLUTION:  
You are asked to locate a point P on line k such 
that cP + A'P  has the least possible value. 
 
The total distance from c to P and then from A ' to P
is least when these three points are collinear. Use 
the reflection of point A  in line k to find the location 
for point P. 
  
Draw A 'c . Locate P at the intersection of line k and
line A 'c. 
  
Compare the sum cP + A'P  for each case to verify 
that the location found for P minimizes this sum 

 

ANSWER:  

 

Graph each figure and its image in the given 
line. 

 

 

 
18.  y  = 3 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line y  =
3. 
  
Draw y  = 3. 
  
Vertex A is 5 units up from y  = 3, locate the point 5
units down from y  = 3. A ' would be (–5, –2). 
Vertex B is 2 units up from the y  = 3,  locate the 
point 2 units down from y  = 3. B' would be (–1, 1). 
Vertex C is 3 units down from y  = 3, locate the 
point 3 units up from y  = 3. C' would be (–4, 6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

19.  x = –1 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line x =
–1. 
  
Draw x = –1. 
  
Vertex A is 4 units left from x = –1, locate the point
4 units right from x = –1. A ' would be (3, 8). 
Vertex B is on the line x = –1,  so B' would be (–1, 
5). 
Vertex C is 3 units left from x = –1, locate the point
3 units right from x = –1. C' would be (2, 0). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

20. JKLM; x = 1 

SOLUTION:  
J is (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line x = 1. 
  
Draw the line x = 1. 
  
Vertex J is at 2 units right from x = 1, locate the 
point 2 units left from x = 1. J' would be (–1, 8). 
Vertex K is 5 units right from x = 1, locate the point
5 units left from x = 1. K' would be (–4, 8). 
Vertex L is 5 units right from x = 1, locate the point 
5 units left from x = 1. L' would be (–4, 5). 
Vertex M is on x = 1, so M' would be (1, 2). 
  
Then connect the vertices, J', K', L', and M' to form
the reflected image. 

 

ANSWER:  

 

21. JKLM; y  = 4 

SOLUTION:  
J is at (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line y  = 4. 
  
Draw the line y  = 4. 
  
Vertex J is 4 units up from y  = 4, locate the point 4 
units down from y  = 4. J' would be (3, 0). 
Vertex K is 4 units up from y  = 4, locate the point 4
units down from y  = 4. K' would be (6, 0). 
Vertex L is 1 unit up from y  = 4, locate the point 1 
unit down from y  = 4. L' would be (6, 3). 
Vertex M is 2 units down from y  = 4, locate the 
point 2 units up from y  = 4. M' would be (1, 6). 
  
Then connect the vertices J', K', L', and M' to form 
the reflected image. 

 

ANSWER:  

 

22. WXYZ; y  = –4 

SOLUTION:  
W is at (–2, –2), X  is at (6, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line y  = –4. 
  
Draw the line y  = –4. 
  
Vertex W is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. W' would be (–2, –6). 
Vertex X is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. X ' would be (6, –6). 
Vertex Y is 1 unit down from y  = –4, locate the 
point 1 unit up from y  = –4. Y' would be (4, –3). 
Vertex Z is 3 units down from y  = –4, locate the 
point 3 units up from y  = –4. Z' would be (0, –1). 
  
Then connect the vertices W', X ', Y', and Z' to form 
the reflected image. 
  

 

ANSWER:  

 

23. WXYZ; x = –2 

SOLUTION:  
W is at (–2, –2), X  is at (5, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line x = –2. 
  
Draw the line x = –2. 
  
Vertex W is on x = –2, so W' would be (–2, –2). 
Vertex X is 7 units right from x = –2, locate the 
point 7 units left from x = –2. X ' would be (–9, –2).
Vertex Y is 6 units right from x = –2, locate the 
point 6 units left from x = –2. Y' would be (–8, –5). 
Vertex Z is 2 units right from x = –2, locate the 
point 2 units left from x = –2. Z' would be (–4, –7).
  
Then connect the vertices, W', X ', Y', and Z' to form
the reflected image. 
  

 

ANSWER:  

 

STRUCTURE  Graph each figure and its image 
under the given reflection. 

24. rectangle ABCD with vertices A(–5, 2), B(1, 2), C(1, 
–1), and D(–5, –1) in the line y  = –2 

SOLUTION:  
To reflect over the line  y  = –2, subtract from the y -
coordinate the distance from the y  = –2 line.  
  
(x, y ) → (x, y – distance from y = –2 ) 

A(–5, 2) → Distance: +4, A'(–5, –6) 

B(1, 2) → Distance: +4, B'(1, –6) 

C(1, –1) → Distance: +1, C'(1, –3), 

D(–5, –1) →Distance: +1, D'(–5, –3) 
  
Plot the points. Then connect the vertices, A ', B', 
C', and D' to form the reflected image. 

 

ANSWER:  

 

25. square JKLM  with vertices J(–4, 6), K(0, 6), L(0, 2),
and M (–4, 2) in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 

J(–4, 6) → J'(4, 6) 

K(0, 6), → K'(0, 6) 

L(0, 2) → L'(0, 2) 

M(–4, 2)  → M'(4, 2) 
  
Plot the points. Then connect the vertices, J, K', 
L',and M' to form the reflected image. 

 

ANSWER:  

 

26.  with vertices F(–3, 2), G(–4, –1), and H(–6, 
–1) in the line y  = x 

SOLUTION:  
To reflect over line y  = x, interchange the x- and  y -
coordinates.  
  
(x, y ) → (y, x)  

 F(–3, 2), →   F'(2, –3) 

G(–4, –1) → G'(–1, –4) 

H(–6, –1) → H'(–1, –6) 
  
Plot the points. Then connect the vertices, F', G', 
and H' to form the reflected image. 
  

 

ANSWER:  

 

27.  with vertices W(2, 3), X(7, 3), Y(6, –1), and 

Z(1, –1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

W(2, 3) →  W'(2, –3) 

X(7, 3) → X'(7, –3), 

Y(6, –1) → Y'(6, 1) 

Z(1, –1) →  Z'(1, 1) 
  
Plot the points. Then connect the vertices, W', X ', 
Y',and Z' to form the reflected image. 
  

 

ANSWER:  

 

Given each figure and image, describe the 
transformation using coordinate notation. 

28. P(–1, 4), Q(2, 4), R(1, –1), and S(–1, –1) and P'(1, 
4), Q'(–2, 4), R'(–1, –1), and S'(1, –1)  

SOLUTION:  
Plot the points for the figure and its image.  

 
Compare the coordinates. 
  
P(–1, 4) →  P'(1, 4) 

Q(2, 4) → Q'(–2, 4) 

R(1, –1) → R'(–1, –1) 

S(–1, –1) →  S'(1, –1) 

To get from the figure to its image each (x, y ) → (–
x, y ). 
This means a reflection in the y -axis.  

ANSWER:  
(x, y ) → (–x, y ); reflection in the y -axis 

29. S(–3, –2), T(–2, 3), and U(2, 2) and S'(–2, –3), T'(3, 
–2), and U'(2, 2) 

SOLUTION:  
Plot the points for the figure and its image.  
  

 
  
Compare the coordinates. 
  
S(–3, –2) → S'(–2 –3) 

T(–2, 3) → T'(3, –2) 

U(2, 2) → U'(2, 2) 
Each vertex is transformed by (x, y ) → (y , x). 
This is a reflection in the line y  = x, interchange the 
x- and  y -coordinates.  

ANSWER:  
(x, y ) → (y , x); reflection in the line y  = x 

Each figure shows a preimage and its reflected 
image in some line. Copy each figure and draw 
the line of reflection. 

30.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

31.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  

 

ANSWER:  

 

32.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

CONSTRUCTION To construct the reflection 
of a figure in a line using only a compass and a 
straightedge, 
you can use: 
• the construction of a line perpendicular to a 
given line through a point not on the line 
(Lesson 1-5), and 
• the construction of a segment congruent to a 
given segment (Lesson 1-2). 

 
TOOLS  Copy each figure and the given line of 
reflection. Then construct the reflected image. 

33.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at B 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from B to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
A and C. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

34.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at K 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from K to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
J and L. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
  
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

35. ARCHITECTURE Refer to the photo of the 
building on page 227.  
a. Identify the line of reflection.  
b. Identify the preimage/image pairs. Assume that 
architectural features on the left-hand side of the 
picture represent the preimages. 

SOLUTION:  

a. is the line of reflection because each point to
its left matches a point to its right.  
b. A and C, D and F,  and ,  and .  

ANSWER:  

a.  

b. A and C, D and F,  and ,  and .  

ALGEBRA Graph the line y  = 2x – 3 and its 
reflected image in the given line. What is the 
equation of the reflected image? 

36. x-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the x-axis, the x-intercept will 
be the same in the reflection. Use the y-intercept to 
find a second point on the reflected line. Since the y-
intercept is –3,  the y-intercept of the reflected line 
will be 3.  
  
Use (1.5, 0) and (0, 3) to write an equation for the 
reflected line.  
  

 
  

 
  

 

ANSWER:  

 

37. y-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y-axis, the y-intercept will 
be the same in the reflection. Use the x-intercept to 
find a second point on the reflected line. Since the x-
intercept is 1.5,  the x-intercept of the reflected line 
will be –1.5.  
  
Use (–1.5, 0) and (0, –3) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

38. y  = x 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y = x line, the x- and y-
coordinates are switched. Switch the coordinates for 
the intercepts.  The y-intercept is (0, –3), so x-
intercept of the reflected line would be (–3, 0). The 
x-intercept is (1.5, 0), so y-intercept of the reflected 
line would be (0, 1.5) 
  
Use (0, 1.5) and (–3, 0) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

39. Reflect  shown below in the line y  = 3x. 

 

SOLUTION:  
Each vertex and its image will be equidistant from y  
= 3x. To estimate the placement of the images of 
each vertex, first find the equation of the lines 
perpendicular to y  = 3x that pass through each 

vertex. Each of these lines will have the slope , 

which is the negative reciprocal of the slope in y  = 
3x. 
  
Vertex C(-3, 6) 

 
Graph this line. Use a ruler to find the distance 
between C(-3, 6) and the point of intersection with 
the line of reflection. Mark C' an equal distance 
along this line. 
  
Vertex D(-1, 1) 

 
Graph this line. Use a ruler to find the distance 
between D(-1, 1) and the point of intersection with 
the line of reflection. Mark D' an equal distance 
along this line. 
  
Vertex E(3, 5) 

 
Graph this line. Use a ruler to find the distance 
between E(3, 5) and the point of intersection with 
the line of reflection. Mark E' an equal distance 
along this line. 
Connect the vertices, C', D', and E' to form the 
reflected image. 

 
  

 

ANSWER:  

 

40. Relocate vertex C so that ABCDE is convex, and all 
sides remain the same length. 

 

SOLUTION:  
If you reflect vertex C over the BD line, the figure 
would become convex.  

 

ANSWER:  

 

ALGEBRA Graph the reflection of each 
function in the given line. Then write the 
equation of the reflected image. 

41. x-axis 

 

SOLUTION:  
To reflect a point in the x-axis, multiply its y -
coordinate by –1.  
  
To reflect   in the x-axis multiply by –
1.  

 

ANSWER:  

 

42. y-axis 

 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
To reflect  over the y -axis, multiply x 
by –1. The reflected equation will then be 

. 

  
  

 

Copy the figure and the given line of reflection. 
Then draw the reflected image in this line using
a ruler. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line a. 
Step 2: Measure the distance from point C to the 
line a. Then locate C' the same distance from line a 
on the opposite side.  
Step 3: Repeat Step 2 to locate points D' and F'. 
Then connect the vertices, C', D', and F' to form 
the reflected image.  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point Q to the 
line k. Then locate Q' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points R', S' and 
T'. Then connect the vertices, Q', R', S', and T' to 
form the reflected image.  

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point W to the 
line f . Then locate W' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect the vertices, W', X ', Y' and Z' to 
form the reflected image.  
  

 

ANSWER:  

 

4. SPORTING EVENTS Toru is waiting at a café for 
a friend to bring him a ticket to a sold-out sporting 
event. At what point P along the street should the 
friend try to stop his car to minimize the distance 
Toru will have to walk from the café, to the car, and 
then to the arena entrance? Draw a diagram. 

 

SOLUTION:  
 You are asked to locate a point P on line se such 
that cP + Pe has the least possible value. 
 
The total distance from s to P and then from P to e 
is least when these three points are collinear. Use 
the reflection of point c over the road to find the 
location for point P. 
  
 Draw c'e (or se).  

 
  
Locate P at the intersection of road and line se . 

 
  
Compare the sum cP + Pe for each case to verify 
that the location found for P minimizes this sum. 

ANSWER:  
Sample answer: 

 

Graph  and its image in the given line.

 
5. y  = –2 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line y  = –2. 
  
Vertex A is 3 units up from y  = –2, locate the point 
3 units down from y  = –2. A ' would be (1, –5). 
Vertex B is on the line y  = –2, so B' would be at the
same point (2, –2). 
Vertex C is 4 units up from y  = –2, locate the point 
4 units down from y  = –2. C' would be (7, –6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  
  

 

ANSWER:  

 

6. x = 3 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line x = 3. 
  
Vertex A is 2 units left from x = 3, locate the point 
2 units right from x = 3. A ' would be at (5, 1). 
Vertex B is 1 unit left from  x = 3, locate the point 1
unit right from x = 3. B' would be at (4, –2). 
Vertex C is 4 units right from x = 3, locate the point
4 units left from x = 3. C' would be at (–1, 2). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

Graph each figure and its image under the given
reflection. 

7.  with vertices X(0, 4), Y(–3, 4), and Z(–4, –1) 
in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 
X(0, 4) → X'(0, 4) 
Y(–3, 4) → Y'(3, 4) 
Z(–4, –1) →Z'(4, –1) 
  
Plot the points. Then connect the vertices, X ', Y', 
and Z' to form the reflected image. 
  

 

ANSWER:  

 

8.  QRST with vertices Q(–1, 4), R(4, 4), S(3, 1), and
T(–2, 1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

Q(–1, 4) → Q'(–1, –4) 

R(4, 4) → R'(4, –4) 

S(3, 1) →S'(3, –1) 

T(–2, 1) →T'(–2, –1) 
  
Plot the points. Then connect the vertices, Q', R', S',
and T' to form the reflected image. 
  

 

ANSWER:  

 

9. Given quadrilaterals J(–3, 1), K(–1, 3), L(1, 3), and M
(–3, –1) and its image J'(1, –3), K'(3, –1), L'(3, 1), 
and M'(–1, –3), describe the transformation using 
coordinate notation.  

SOLUTION:  
Plot the points for the preimage and the image. 
  

 
The transformation sends each vertex as follows.
  
J(–3, 1) →  J'(1, –3) 

K(–1, 3) →  K'(3, –1) 

L(1, 3) → L'(3, 1) 

M(–3, –1)  → M'(–1, –3) 
  
That means that (x, y ) → (y , x). 
  
This is the result of a reflection over the y = x .  

ANSWER:  
(x, y ) → (y , x); reflection in the y = x .  

TOOLS Copy the figure and the given line of 
reflection. Then draw the reflected image in this
line using a ruler. 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point X  to the 
line k. Then locate X ' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect the vertices, X ', Y', and Z' to form the 
reflected image.  

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line s. 
Step 2: Measure the distance from point J to the 
line s. Then locate J' the same distance from line s 
on the opposite side.  
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect the vertices J', K', L', and M' to 
form the reflected image.  

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line c. 
Step 2: Measure the distance from point E to the 
line c. Then locate E' the same distance from line c 
on the opposite side.  
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect the vertices, E', F', G' and H' to 
form the reflected image.  

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line t. 
Step 2: Measure the distance from point A  to the 
line t. Then locate A ' the same distance from line t 
on the opposite side.  
Step 3: Repeat Step 2 to locate points B', C' and 
D'. Then connect the vertices, A ', B', C' and D' to 
form the reflected image.  

 

ANSWER:  

 

14.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line w. 
Step 2: Measure the distance from point P to the 
line w. Then locate P' the same distance from line w
on the opposite side.  
Step 3: Repeat Step 2 to locate points Q', R', S', 
T,' and U'. Then connect the vertices P', Q', R', S', 
T', and U' to form the reflected image.  

 

ANSWER:  

 

15.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point V to the 
line f . Then locate V' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect the vertices, V', W', X ', Y' and
Z' to form the reflected image.  

 

ANSWER:  

 

SPORTS When a ball is rolled or struck without
spin against a wall, it bounces off the wall and 
travels in a ray that is the reflected image of the
path of the ball if it had gone straight through 
the wall. Use this information in Exercises 16 
and 17. 

 
16. BILLIARDS Tadeo is playing billiards. He wants to

strike the eight ball with the cue ball so that the eight 
ball bounces off the rail and rolls into the indicated 
pocket. If the eight ball moves with no spin, draw a 
diagram showing the exact point P along the right rail
where the eight ball should hit after being struck by 
the cue ball. 

 

SOLUTION:  
We want to determine where the 8 ball should hit the
rail so that it goes into the side pocket. To do this, we
will need to locate a point P on the rail of the table 
such that P is collinear with the side pocket and the 
reflection of the 8 ball.  
  
Step 1: Locate the reflection of the 8 ball. The rail 
(red line) is equidistant from the 8 ball and the 
reflection. 

 
Step 2: Draw a line from the side pocket to the 
reflection. We now know the line along which the 8 
ball should travel in order to go into the side pocket. 

 
The intersection of the red and blue lines is the 
location of point P. The distance from P to the 8 ball 
and from P to the reflection are equal. 

 

ANSWER:  

 

17. INDOOR SOCCER Abby is playing indoor soccer,
and she wants to hit the ball to point C, but must 
avoid an opposing player at point B. She decides to 
hit the ball at point A so that it bounces off the side 
wall. Draw a diagram that shows the exact point 
along the top wall for which Abby should aim. 

 

SOLUTION:  
You are asked to locate a point P on line k such 
that cP + A'P  has the least possible value. 
 
The total distance from c to P and then from A ' to P
is least when these three points are collinear. Use 
the reflection of point A  in line k to find the location 
for point P. 
  
Draw A 'c . Locate P at the intersection of line k and
line A 'c. 
  
Compare the sum cP + A'P  for each case to verify 
that the location found for P minimizes this sum 

 

ANSWER:  

 

Graph each figure and its image in the given 
line. 

 

 

 
18.  y  = 3 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line y  =
3. 
  
Draw y  = 3. 
  
Vertex A is 5 units up from y  = 3, locate the point 5
units down from y  = 3. A ' would be (–5, –2). 
Vertex B is 2 units up from the y  = 3,  locate the 
point 2 units down from y  = 3. B' would be (–1, 1). 
Vertex C is 3 units down from y  = 3, locate the 
point 3 units up from y  = 3. C' would be (–4, 6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

19.  x = –1 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line x =
–1. 
  
Draw x = –1. 
  
Vertex A is 4 units left from x = –1, locate the point
4 units right from x = –1. A ' would be (3, 8). 
Vertex B is on the line x = –1,  so B' would be (–1, 
5). 
Vertex C is 3 units left from x = –1, locate the point
3 units right from x = –1. C' would be (2, 0). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

20. JKLM; x = 1 

SOLUTION:  
J is (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line x = 1. 
  
Draw the line x = 1. 
  
Vertex J is at 2 units right from x = 1, locate the 
point 2 units left from x = 1. J' would be (–1, 8). 
Vertex K is 5 units right from x = 1, locate the point
5 units left from x = 1. K' would be (–4, 8). 
Vertex L is 5 units right from x = 1, locate the point 
5 units left from x = 1. L' would be (–4, 5). 
Vertex M is on x = 1, so M' would be (1, 2). 
  
Then connect the vertices, J', K', L', and M' to form
the reflected image. 

 

ANSWER:  

 

21. JKLM; y  = 4 

SOLUTION:  
J is at (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line y  = 4. 
  
Draw the line y  = 4. 
  
Vertex J is 4 units up from y  = 4, locate the point 4 
units down from y  = 4. J' would be (3, 0). 
Vertex K is 4 units up from y  = 4, locate the point 4
units down from y  = 4. K' would be (6, 0). 
Vertex L is 1 unit up from y  = 4, locate the point 1 
unit down from y  = 4. L' would be (6, 3). 
Vertex M is 2 units down from y  = 4, locate the 
point 2 units up from y  = 4. M' would be (1, 6). 
  
Then connect the vertices J', K', L', and M' to form 
the reflected image. 

 

ANSWER:  

 

22. WXYZ; y  = –4 

SOLUTION:  
W is at (–2, –2), X  is at (6, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line y  = –4. 
  
Draw the line y  = –4. 
  
Vertex W is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. W' would be (–2, –6). 
Vertex X is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. X ' would be (6, –6). 
Vertex Y is 1 unit down from y  = –4, locate the 
point 1 unit up from y  = –4. Y' would be (4, –3). 
Vertex Z is 3 units down from y  = –4, locate the 
point 3 units up from y  = –4. Z' would be (0, –1). 
  
Then connect the vertices W', X ', Y', and Z' to form 
the reflected image. 
  

 

ANSWER:  

 

23. WXYZ; x = –2 

SOLUTION:  
W is at (–2, –2), X  is at (5, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line x = –2. 
  
Draw the line x = –2. 
  
Vertex W is on x = –2, so W' would be (–2, –2). 
Vertex X is 7 units right from x = –2, locate the 
point 7 units left from x = –2. X ' would be (–9, –2).
Vertex Y is 6 units right from x = –2, locate the 
point 6 units left from x = –2. Y' would be (–8, –5). 
Vertex Z is 2 units right from x = –2, locate the 
point 2 units left from x = –2. Z' would be (–4, –7).
  
Then connect the vertices, W', X ', Y', and Z' to form
the reflected image. 
  

 

ANSWER:  

 

STRUCTURE  Graph each figure and its image 
under the given reflection. 

24. rectangle ABCD with vertices A(–5, 2), B(1, 2), C(1, 
–1), and D(–5, –1) in the line y  = –2 

SOLUTION:  
To reflect over the line  y  = –2, subtract from the y -
coordinate the distance from the y  = –2 line.  
  
(x, y ) → (x, y – distance from y = –2 ) 

A(–5, 2) → Distance: +4, A'(–5, –6) 

B(1, 2) → Distance: +4, B'(1, –6) 

C(1, –1) → Distance: +1, C'(1, –3), 

D(–5, –1) →Distance: +1, D'(–5, –3) 
  
Plot the points. Then connect the vertices, A ', B', 
C', and D' to form the reflected image. 

 

ANSWER:  

 

25. square JKLM  with vertices J(–4, 6), K(0, 6), L(0, 2),
and M (–4, 2) in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 

J(–4, 6) → J'(4, 6) 

K(0, 6), → K'(0, 6) 

L(0, 2) → L'(0, 2) 

M(–4, 2)  → M'(4, 2) 
  
Plot the points. Then connect the vertices, J, K', 
L',and M' to form the reflected image. 

 

ANSWER:  

 

26.  with vertices F(–3, 2), G(–4, –1), and H(–6, 
–1) in the line y  = x 

SOLUTION:  
To reflect over line y  = x, interchange the x- and  y -
coordinates.  
  
(x, y ) → (y, x)  

 F(–3, 2), →   F'(2, –3) 

G(–4, –1) → G'(–1, –4) 

H(–6, –1) → H'(–1, –6) 
  
Plot the points. Then connect the vertices, F', G', 
and H' to form the reflected image. 
  

 

ANSWER:  

 

27.  with vertices W(2, 3), X(7, 3), Y(6, –1), and 

Z(1, –1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

W(2, 3) →  W'(2, –3) 

X(7, 3) → X'(7, –3), 

Y(6, –1) → Y'(6, 1) 

Z(1, –1) →  Z'(1, 1) 
  
Plot the points. Then connect the vertices, W', X ', 
Y',and Z' to form the reflected image. 
  

 

ANSWER:  

 

Given each figure and image, describe the 
transformation using coordinate notation. 

28. P(–1, 4), Q(2, 4), R(1, –1), and S(–1, –1) and P'(1, 
4), Q'(–2, 4), R'(–1, –1), and S'(1, –1)  

SOLUTION:  
Plot the points for the figure and its image.  

 
Compare the coordinates. 
  
P(–1, 4) →  P'(1, 4) 

Q(2, 4) → Q'(–2, 4) 

R(1, –1) → R'(–1, –1) 

S(–1, –1) →  S'(1, –1) 

To get from the figure to its image each (x, y ) → (–
x, y ). 
This means a reflection in the y -axis.  

ANSWER:  
(x, y ) → (–x, y ); reflection in the y -axis 

29. S(–3, –2), T(–2, 3), and U(2, 2) and S'(–2, –3), T'(3, 
–2), and U'(2, 2) 

SOLUTION:  
Plot the points for the figure and its image.  
  

 
  
Compare the coordinates. 
  
S(–3, –2) → S'(–2 –3) 

T(–2, 3) → T'(3, –2) 

U(2, 2) → U'(2, 2) 
Each vertex is transformed by (x, y ) → (y , x). 
This is a reflection in the line y  = x, interchange the 
x- and  y -coordinates.  

ANSWER:  
(x, y ) → (y , x); reflection in the line y  = x 

Each figure shows a preimage and its reflected 
image in some line. Copy each figure and draw 
the line of reflection. 

30.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

31.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  

 

ANSWER:  

 

32.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

CONSTRUCTION To construct the reflection 
of a figure in a line using only a compass and a 
straightedge, 
you can use: 
• the construction of a line perpendicular to a 
given line through a point not on the line 
(Lesson 1-5), and 
• the construction of a segment congruent to a 
given segment (Lesson 1-2). 

 
TOOLS  Copy each figure and the given line of 
reflection. Then construct the reflected image. 

33.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at B 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from B to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
A and C. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

34.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at K 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from K to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
J and L. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
  
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

35. ARCHITECTURE Refer to the photo of the 
building on page 227.  
a. Identify the line of reflection.  
b. Identify the preimage/image pairs. Assume that 
architectural features on the left-hand side of the 
picture represent the preimages. 

SOLUTION:  

a. is the line of reflection because each point to
its left matches a point to its right.  
b. A and C, D and F,  and ,  and .  

ANSWER:  

a.  

b. A and C, D and F,  and ,  and .  

ALGEBRA Graph the line y  = 2x – 3 and its 
reflected image in the given line. What is the 
equation of the reflected image? 

36. x-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the x-axis, the x-intercept will 
be the same in the reflection. Use the y-intercept to 
find a second point on the reflected line. Since the y-
intercept is –3,  the y-intercept of the reflected line 
will be 3.  
  
Use (1.5, 0) and (0, 3) to write an equation for the 
reflected line.  
  

 
  

 
  

 

ANSWER:  

 

37. y-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y-axis, the y-intercept will 
be the same in the reflection. Use the x-intercept to 
find a second point on the reflected line. Since the x-
intercept is 1.5,  the x-intercept of the reflected line 
will be –1.5.  
  
Use (–1.5, 0) and (0, –3) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

38. y  = x 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y = x line, the x- and y-
coordinates are switched. Switch the coordinates for 
the intercepts.  The y-intercept is (0, –3), so x-
intercept of the reflected line would be (–3, 0). The 
x-intercept is (1.5, 0), so y-intercept of the reflected 
line would be (0, 1.5) 
  
Use (0, 1.5) and (–3, 0) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

39. Reflect  shown below in the line y  = 3x. 

 

SOLUTION:  
Each vertex and its image will be equidistant from y  
= 3x. To estimate the placement of the images of 
each vertex, first find the equation of the lines 
perpendicular to y  = 3x that pass through each 

vertex. Each of these lines will have the slope , 

which is the negative reciprocal of the slope in y  = 
3x. 
  
Vertex C(-3, 6) 

 
Graph this line. Use a ruler to find the distance 
between C(-3, 6) and the point of intersection with 
the line of reflection. Mark C' an equal distance 
along this line. 
  
Vertex D(-1, 1) 

 
Graph this line. Use a ruler to find the distance 
between D(-1, 1) and the point of intersection with 
the line of reflection. Mark D' an equal distance 
along this line. 
  
Vertex E(3, 5) 

 
Graph this line. Use a ruler to find the distance 
between E(3, 5) and the point of intersection with 
the line of reflection. Mark E' an equal distance 
along this line. 
Connect the vertices, C', D', and E' to form the 
reflected image. 

 
  

 

ANSWER:  

 

40. Relocate vertex C so that ABCDE is convex, and all 
sides remain the same length. 

 

SOLUTION:  
If you reflect vertex C over the BD line, the figure 
would become convex.  

 

ANSWER:  

 

ALGEBRA Graph the reflection of each 
function in the given line. Then write the 
equation of the reflected image. 

41. x-axis 

 

SOLUTION:  
To reflect a point in the x-axis, multiply its y -
coordinate by –1.  
  
To reflect   in the x-axis multiply by –
1.  

 

ANSWER:  

 

42. y-axis 

 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
To reflect  over the y -axis, multiply x 
by –1. The reflected equation will then be 

. 
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Copy the figure and the given line of reflection. 
Then draw the reflected image in this line using
a ruler. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line a. 
Step 2: Measure the distance from point C to the 
line a. Then locate C' the same distance from line a 
on the opposite side.  
Step 3: Repeat Step 2 to locate points D' and F'. 
Then connect the vertices, C', D', and F' to form 
the reflected image.  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point Q to the 
line k. Then locate Q' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points R', S' and 
T'. Then connect the vertices, Q', R', S', and T' to 
form the reflected image.  

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point W to the 
line f . Then locate W' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect the vertices, W', X ', Y' and Z' to 
form the reflected image.  
  

 

ANSWER:  

 

4. SPORTING EVENTS Toru is waiting at a café for 
a friend to bring him a ticket to a sold-out sporting 
event. At what point P along the street should the 
friend try to stop his car to minimize the distance 
Toru will have to walk from the café, to the car, and 
then to the arena entrance? Draw a diagram. 

 

SOLUTION:  
 You are asked to locate a point P on line se such 
that cP + Pe has the least possible value. 
 
The total distance from s to P and then from P to e 
is least when these three points are collinear. Use 
the reflection of point c over the road to find the 
location for point P. 
  
 Draw c'e (or se).  

 
  
Locate P at the intersection of road and line se . 

 
  
Compare the sum cP + Pe for each case to verify 
that the location found for P minimizes this sum. 

ANSWER:  
Sample answer: 

 

Graph  and its image in the given line.

 
5. y  = –2 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line y  = –2. 
  
Vertex A is 3 units up from y  = –2, locate the point 
3 units down from y  = –2. A ' would be (1, –5). 
Vertex B is on the line y  = –2, so B' would be at the
same point (2, –2). 
Vertex C is 4 units up from y  = –2, locate the point 
4 units down from y  = –2. C' would be (7, –6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  
  

 

ANSWER:  

 

6. x = 3 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line x = 3. 
  
Vertex A is 2 units left from x = 3, locate the point 
2 units right from x = 3. A ' would be at (5, 1). 
Vertex B is 1 unit left from  x = 3, locate the point 1
unit right from x = 3. B' would be at (4, –2). 
Vertex C is 4 units right from x = 3, locate the point
4 units left from x = 3. C' would be at (–1, 2). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

Graph each figure and its image under the given
reflection. 

7.  with vertices X(0, 4), Y(–3, 4), and Z(–4, –1) 
in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 
X(0, 4) → X'(0, 4) 
Y(–3, 4) → Y'(3, 4) 
Z(–4, –1) →Z'(4, –1) 
  
Plot the points. Then connect the vertices, X ', Y', 
and Z' to form the reflected image. 
  

 

ANSWER:  

 

8.  QRST with vertices Q(–1, 4), R(4, 4), S(3, 1), and
T(–2, 1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

Q(–1, 4) → Q'(–1, –4) 

R(4, 4) → R'(4, –4) 

S(3, 1) →S'(3, –1) 

T(–2, 1) →T'(–2, –1) 
  
Plot the points. Then connect the vertices, Q', R', S',
and T' to form the reflected image. 
  

 

ANSWER:  

 

9. Given quadrilaterals J(–3, 1), K(–1, 3), L(1, 3), and M
(–3, –1) and its image J'(1, –3), K'(3, –1), L'(3, 1), 
and M'(–1, –3), describe the transformation using 
coordinate notation.  

SOLUTION:  
Plot the points for the preimage and the image. 
  

 
The transformation sends each vertex as follows.
  
J(–3, 1) →  J'(1, –3) 

K(–1, 3) →  K'(3, –1) 

L(1, 3) → L'(3, 1) 

M(–3, –1)  → M'(–1, –3) 
  
That means that (x, y ) → (y , x). 
  
This is the result of a reflection over the y = x .  

ANSWER:  
(x, y ) → (y , x); reflection in the y = x .  

TOOLS Copy the figure and the given line of 
reflection. Then draw the reflected image in this
line using a ruler. 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point X  to the 
line k. Then locate X ' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect the vertices, X ', Y', and Z' to form the 
reflected image.  

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line s. 
Step 2: Measure the distance from point J to the 
line s. Then locate J' the same distance from line s 
on the opposite side.  
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect the vertices J', K', L', and M' to 
form the reflected image.  

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line c. 
Step 2: Measure the distance from point E to the 
line c. Then locate E' the same distance from line c 
on the opposite side.  
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect the vertices, E', F', G' and H' to 
form the reflected image.  

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line t. 
Step 2: Measure the distance from point A  to the 
line t. Then locate A ' the same distance from line t 
on the opposite side.  
Step 3: Repeat Step 2 to locate points B', C' and 
D'. Then connect the vertices, A ', B', C' and D' to 
form the reflected image.  

 

ANSWER:  

 

14.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line w. 
Step 2: Measure the distance from point P to the 
line w. Then locate P' the same distance from line w
on the opposite side.  
Step 3: Repeat Step 2 to locate points Q', R', S', 
T,' and U'. Then connect the vertices P', Q', R', S', 
T', and U' to form the reflected image.  

 

ANSWER:  

 

15.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point V to the 
line f . Then locate V' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect the vertices, V', W', X ', Y' and
Z' to form the reflected image.  

 

ANSWER:  

 

SPORTS When a ball is rolled or struck without
spin against a wall, it bounces off the wall and 
travels in a ray that is the reflected image of the
path of the ball if it had gone straight through 
the wall. Use this information in Exercises 16 
and 17. 

 
16. BILLIARDS Tadeo is playing billiards. He wants to

strike the eight ball with the cue ball so that the eight 
ball bounces off the rail and rolls into the indicated 
pocket. If the eight ball moves with no spin, draw a 
diagram showing the exact point P along the right rail
where the eight ball should hit after being struck by 
the cue ball. 

 

SOLUTION:  
We want to determine where the 8 ball should hit the
rail so that it goes into the side pocket. To do this, we
will need to locate a point P on the rail of the table 
such that P is collinear with the side pocket and the 
reflection of the 8 ball.  
  
Step 1: Locate the reflection of the 8 ball. The rail 
(red line) is equidistant from the 8 ball and the 
reflection. 

 
Step 2: Draw a line from the side pocket to the 
reflection. We now know the line along which the 8 
ball should travel in order to go into the side pocket. 

 
The intersection of the red and blue lines is the 
location of point P. The distance from P to the 8 ball 
and from P to the reflection are equal. 

 

ANSWER:  

 

17. INDOOR SOCCER Abby is playing indoor soccer,
and she wants to hit the ball to point C, but must 
avoid an opposing player at point B. She decides to 
hit the ball at point A so that it bounces off the side 
wall. Draw a diagram that shows the exact point 
along the top wall for which Abby should aim. 

 

SOLUTION:  
You are asked to locate a point P on line k such 
that cP + A'P  has the least possible value. 
 
The total distance from c to P and then from A ' to P
is least when these three points are collinear. Use 
the reflection of point A  in line k to find the location 
for point P. 
  
Draw A 'c . Locate P at the intersection of line k and
line A 'c. 
  
Compare the sum cP + A'P  for each case to verify 
that the location found for P minimizes this sum 

 

ANSWER:  

 

Graph each figure and its image in the given 
line. 

 

 

 
18.  y  = 3 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line y  =
3. 
  
Draw y  = 3. 
  
Vertex A is 5 units up from y  = 3, locate the point 5
units down from y  = 3. A ' would be (–5, –2). 
Vertex B is 2 units up from the y  = 3,  locate the 
point 2 units down from y  = 3. B' would be (–1, 1). 
Vertex C is 3 units down from y  = 3, locate the 
point 3 units up from y  = 3. C' would be (–4, 6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

19.  x = –1 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line x =
–1. 
  
Draw x = –1. 
  
Vertex A is 4 units left from x = –1, locate the point
4 units right from x = –1. A ' would be (3, 8). 
Vertex B is on the line x = –1,  so B' would be (–1, 
5). 
Vertex C is 3 units left from x = –1, locate the point
3 units right from x = –1. C' would be (2, 0). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

20. JKLM; x = 1 

SOLUTION:  
J is (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line x = 1. 
  
Draw the line x = 1. 
  
Vertex J is at 2 units right from x = 1, locate the 
point 2 units left from x = 1. J' would be (–1, 8). 
Vertex K is 5 units right from x = 1, locate the point
5 units left from x = 1. K' would be (–4, 8). 
Vertex L is 5 units right from x = 1, locate the point 
5 units left from x = 1. L' would be (–4, 5). 
Vertex M is on x = 1, so M' would be (1, 2). 
  
Then connect the vertices, J', K', L', and M' to form
the reflected image. 

 

ANSWER:  

 

21. JKLM; y  = 4 

SOLUTION:  
J is at (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line y  = 4. 
  
Draw the line y  = 4. 
  
Vertex J is 4 units up from y  = 4, locate the point 4 
units down from y  = 4. J' would be (3, 0). 
Vertex K is 4 units up from y  = 4, locate the point 4
units down from y  = 4. K' would be (6, 0). 
Vertex L is 1 unit up from y  = 4, locate the point 1 
unit down from y  = 4. L' would be (6, 3). 
Vertex M is 2 units down from y  = 4, locate the 
point 2 units up from y  = 4. M' would be (1, 6). 
  
Then connect the vertices J', K', L', and M' to form 
the reflected image. 

 

ANSWER:  

 

22. WXYZ; y  = –4 

SOLUTION:  
W is at (–2, –2), X  is at (6, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line y  = –4. 
  
Draw the line y  = –4. 
  
Vertex W is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. W' would be (–2, –6). 
Vertex X is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. X ' would be (6, –6). 
Vertex Y is 1 unit down from y  = –4, locate the 
point 1 unit up from y  = –4. Y' would be (4, –3). 
Vertex Z is 3 units down from y  = –4, locate the 
point 3 units up from y  = –4. Z' would be (0, –1). 
  
Then connect the vertices W', X ', Y', and Z' to form 
the reflected image. 
  

 

ANSWER:  

 

23. WXYZ; x = –2 

SOLUTION:  
W is at (–2, –2), X  is at (5, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line x = –2. 
  
Draw the line x = –2. 
  
Vertex W is on x = –2, so W' would be (–2, –2). 
Vertex X is 7 units right from x = –2, locate the 
point 7 units left from x = –2. X ' would be (–9, –2).
Vertex Y is 6 units right from x = –2, locate the 
point 6 units left from x = –2. Y' would be (–8, –5). 
Vertex Z is 2 units right from x = –2, locate the 
point 2 units left from x = –2. Z' would be (–4, –7).
  
Then connect the vertices, W', X ', Y', and Z' to form
the reflected image. 
  

 

ANSWER:  

 

STRUCTURE  Graph each figure and its image 
under the given reflection. 

24. rectangle ABCD with vertices A(–5, 2), B(1, 2), C(1, 
–1), and D(–5, –1) in the line y  = –2 

SOLUTION:  
To reflect over the line  y  = –2, subtract from the y -
coordinate the distance from the y  = –2 line.  
  
(x, y ) → (x, y – distance from y = –2 ) 

A(–5, 2) → Distance: +4, A'(–5, –6) 

B(1, 2) → Distance: +4, B'(1, –6) 

C(1, –1) → Distance: +1, C'(1, –3), 

D(–5, –1) →Distance: +1, D'(–5, –3) 
  
Plot the points. Then connect the vertices, A ', B', 
C', and D' to form the reflected image. 

 

ANSWER:  

 

25. square JKLM  with vertices J(–4, 6), K(0, 6), L(0, 2),
and M (–4, 2) in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 

J(–4, 6) → J'(4, 6) 

K(0, 6), → K'(0, 6) 

L(0, 2) → L'(0, 2) 

M(–4, 2)  → M'(4, 2) 
  
Plot the points. Then connect the vertices, J, K', 
L',and M' to form the reflected image. 

 

ANSWER:  

 

26.  with vertices F(–3, 2), G(–4, –1), and H(–6, 
–1) in the line y  = x 

SOLUTION:  
To reflect over line y  = x, interchange the x- and  y -
coordinates.  
  
(x, y ) → (y, x)  

 F(–3, 2), →   F'(2, –3) 

G(–4, –1) → G'(–1, –4) 

H(–6, –1) → H'(–1, –6) 
  
Plot the points. Then connect the vertices, F', G', 
and H' to form the reflected image. 
  

 

ANSWER:  

 

27.  with vertices W(2, 3), X(7, 3), Y(6, –1), and 

Z(1, –1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

W(2, 3) →  W'(2, –3) 

X(7, 3) → X'(7, –3), 

Y(6, –1) → Y'(6, 1) 

Z(1, –1) →  Z'(1, 1) 
  
Plot the points. Then connect the vertices, W', X ', 
Y',and Z' to form the reflected image. 
  

 

ANSWER:  

 

Given each figure and image, describe the 
transformation using coordinate notation. 

28. P(–1, 4), Q(2, 4), R(1, –1), and S(–1, –1) and P'(1, 
4), Q'(–2, 4), R'(–1, –1), and S'(1, –1)  

SOLUTION:  
Plot the points for the figure and its image.  

 
Compare the coordinates. 
  
P(–1, 4) →  P'(1, 4) 

Q(2, 4) → Q'(–2, 4) 

R(1, –1) → R'(–1, –1) 

S(–1, –1) →  S'(1, –1) 

To get from the figure to its image each (x, y ) → (–
x, y ). 
This means a reflection in the y -axis.  

ANSWER:  
(x, y ) → (–x, y ); reflection in the y -axis 

29. S(–3, –2), T(–2, 3), and U(2, 2) and S'(–2, –3), T'(3, 
–2), and U'(2, 2) 

SOLUTION:  
Plot the points for the figure and its image.  
  

 
  
Compare the coordinates. 
  
S(–3, –2) → S'(–2 –3) 

T(–2, 3) → T'(3, –2) 

U(2, 2) → U'(2, 2) 
Each vertex is transformed by (x, y ) → (y , x). 
This is a reflection in the line y  = x, interchange the 
x- and  y -coordinates.  

ANSWER:  
(x, y ) → (y , x); reflection in the line y  = x 

Each figure shows a preimage and its reflected 
image in some line. Copy each figure and draw 
the line of reflection. 

30.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

31.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  

 

ANSWER:  

 

32.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

CONSTRUCTION To construct the reflection 
of a figure in a line using only a compass and a 
straightedge, 
you can use: 
• the construction of a line perpendicular to a 
given line through a point not on the line 
(Lesson 1-5), and 
• the construction of a segment congruent to a 
given segment (Lesson 1-2). 

 
TOOLS  Copy each figure and the given line of 
reflection. Then construct the reflected image. 

33.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at B 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from B to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
A and C. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

34.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at K 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from K to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
J and L. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
  
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

35. ARCHITECTURE Refer to the photo of the 
building on page 227.  
a. Identify the line of reflection.  
b. Identify the preimage/image pairs. Assume that 
architectural features on the left-hand side of the 
picture represent the preimages. 

SOLUTION:  

a. is the line of reflection because each point to
its left matches a point to its right.  
b. A and C, D and F,  and ,  and .  

ANSWER:  

a.  

b. A and C, D and F,  and ,  and .  

ALGEBRA Graph the line y  = 2x – 3 and its 
reflected image in the given line. What is the 
equation of the reflected image? 

36. x-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the x-axis, the x-intercept will 
be the same in the reflection. Use the y-intercept to 
find a second point on the reflected line. Since the y-
intercept is –3,  the y-intercept of the reflected line 
will be 3.  
  
Use (1.5, 0) and (0, 3) to write an equation for the 
reflected line.  
  

 
  

 
  

 

ANSWER:  

 

37. y-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y-axis, the y-intercept will 
be the same in the reflection. Use the x-intercept to 
find a second point on the reflected line. Since the x-
intercept is 1.5,  the x-intercept of the reflected line 
will be –1.5.  
  
Use (–1.5, 0) and (0, –3) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

38. y  = x 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y = x line, the x- and y-
coordinates are switched. Switch the coordinates for 
the intercepts.  The y-intercept is (0, –3), so x-
intercept of the reflected line would be (–3, 0). The 
x-intercept is (1.5, 0), so y-intercept of the reflected 
line would be (0, 1.5) 
  
Use (0, 1.5) and (–3, 0) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

39. Reflect  shown below in the line y  = 3x. 

 

SOLUTION:  
Each vertex and its image will be equidistant from y  
= 3x. To estimate the placement of the images of 
each vertex, first find the equation of the lines 
perpendicular to y  = 3x that pass through each 

vertex. Each of these lines will have the slope , 

which is the negative reciprocal of the slope in y  = 
3x. 
  
Vertex C(-3, 6) 

 
Graph this line. Use a ruler to find the distance 
between C(-3, 6) and the point of intersection with 
the line of reflection. Mark C' an equal distance 
along this line. 
  
Vertex D(-1, 1) 

 
Graph this line. Use a ruler to find the distance 
between D(-1, 1) and the point of intersection with 
the line of reflection. Mark D' an equal distance 
along this line. 
  
Vertex E(3, 5) 

 
Graph this line. Use a ruler to find the distance 
between E(3, 5) and the point of intersection with 
the line of reflection. Mark E' an equal distance 
along this line. 
Connect the vertices, C', D', and E' to form the 
reflected image. 

 
  

 

ANSWER:  

 

40. Relocate vertex C so that ABCDE is convex, and all 
sides remain the same length. 

 

SOLUTION:  
If you reflect vertex C over the BD line, the figure 
would become convex.  

 

ANSWER:  

 

ALGEBRA Graph the reflection of each 
function in the given line. Then write the 
equation of the reflected image. 

41. x-axis 

 

SOLUTION:  
To reflect a point in the x-axis, multiply its y -
coordinate by –1.  
  
To reflect   in the x-axis multiply by –
1.  

 

ANSWER:  

 

42. y-axis 

 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
To reflect  over the y -axis, multiply x 
by –1. The reflected equation will then be 

. 

  
  

 

Copy the figure and the given line of reflection. 
Then draw the reflected image in this line using
a ruler. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line a. 
Step 2: Measure the distance from point C to the 
line a. Then locate C' the same distance from line a 
on the opposite side.  
Step 3: Repeat Step 2 to locate points D' and F'. 
Then connect the vertices, C', D', and F' to form 
the reflected image.  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point Q to the 
line k. Then locate Q' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points R', S' and 
T'. Then connect the vertices, Q', R', S', and T' to 
form the reflected image.  

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point W to the 
line f . Then locate W' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect the vertices, W', X ', Y' and Z' to 
form the reflected image.  
  

 

ANSWER:  

 

4. SPORTING EVENTS Toru is waiting at a café for 
a friend to bring him a ticket to a sold-out sporting 
event. At what point P along the street should the 
friend try to stop his car to minimize the distance 
Toru will have to walk from the café, to the car, and 
then to the arena entrance? Draw a diagram. 

 

SOLUTION:  
 You are asked to locate a point P on line se such 
that cP + Pe has the least possible value. 
 
The total distance from s to P and then from P to e 
is least when these three points are collinear. Use 
the reflection of point c over the road to find the 
location for point P. 
  
 Draw c'e (or se).  

 
  
Locate P at the intersection of road and line se . 

 
  
Compare the sum cP + Pe for each case to verify 
that the location found for P minimizes this sum. 

ANSWER:  
Sample answer: 

 

Graph  and its image in the given line.

 
5. y  = –2 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line y  = –2. 
  
Vertex A is 3 units up from y  = –2, locate the point 
3 units down from y  = –2. A ' would be (1, –5). 
Vertex B is on the line y  = –2, so B' would be at the
same point (2, –2). 
Vertex C is 4 units up from y  = –2, locate the point 
4 units down from y  = –2. C' would be (7, –6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  
  

 

ANSWER:  

 

6. x = 3 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line x = 3. 
  
Vertex A is 2 units left from x = 3, locate the point 
2 units right from x = 3. A ' would be at (5, 1). 
Vertex B is 1 unit left from  x = 3, locate the point 1
unit right from x = 3. B' would be at (4, –2). 
Vertex C is 4 units right from x = 3, locate the point
4 units left from x = 3. C' would be at (–1, 2). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

Graph each figure and its image under the given
reflection. 

7.  with vertices X(0, 4), Y(–3, 4), and Z(–4, –1) 
in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 
X(0, 4) → X'(0, 4) 
Y(–3, 4) → Y'(3, 4) 
Z(–4, –1) →Z'(4, –1) 
  
Plot the points. Then connect the vertices, X ', Y', 
and Z' to form the reflected image. 
  

 

ANSWER:  

 

8.  QRST with vertices Q(–1, 4), R(4, 4), S(3, 1), and
T(–2, 1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

Q(–1, 4) → Q'(–1, –4) 

R(4, 4) → R'(4, –4) 

S(3, 1) →S'(3, –1) 

T(–2, 1) →T'(–2, –1) 
  
Plot the points. Then connect the vertices, Q', R', S',
and T' to form the reflected image. 
  

 

ANSWER:  

 

9. Given quadrilaterals J(–3, 1), K(–1, 3), L(1, 3), and M
(–3, –1) and its image J'(1, –3), K'(3, –1), L'(3, 1), 
and M'(–1, –3), describe the transformation using 
coordinate notation.  

SOLUTION:  
Plot the points for the preimage and the image. 
  

 
The transformation sends each vertex as follows.
  
J(–3, 1) →  J'(1, –3) 

K(–1, 3) →  K'(3, –1) 

L(1, 3) → L'(3, 1) 

M(–3, –1)  → M'(–1, –3) 
  
That means that (x, y ) → (y , x). 
  
This is the result of a reflection over the y = x .  

ANSWER:  
(x, y ) → (y , x); reflection in the y = x .  

TOOLS Copy the figure and the given line of 
reflection. Then draw the reflected image in this
line using a ruler. 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point X  to the 
line k. Then locate X ' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect the vertices, X ', Y', and Z' to form the 
reflected image.  

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line s. 
Step 2: Measure the distance from point J to the 
line s. Then locate J' the same distance from line s 
on the opposite side.  
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect the vertices J', K', L', and M' to 
form the reflected image.  

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line c. 
Step 2: Measure the distance from point E to the 
line c. Then locate E' the same distance from line c 
on the opposite side.  
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect the vertices, E', F', G' and H' to 
form the reflected image.  

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line t. 
Step 2: Measure the distance from point A  to the 
line t. Then locate A ' the same distance from line t 
on the opposite side.  
Step 3: Repeat Step 2 to locate points B', C' and 
D'. Then connect the vertices, A ', B', C' and D' to 
form the reflected image.  

 

ANSWER:  

 

14.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line w. 
Step 2: Measure the distance from point P to the 
line w. Then locate P' the same distance from line w
on the opposite side.  
Step 3: Repeat Step 2 to locate points Q', R', S', 
T,' and U'. Then connect the vertices P', Q', R', S', 
T', and U' to form the reflected image.  

 

ANSWER:  

 

15.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point V to the 
line f . Then locate V' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect the vertices, V', W', X ', Y' and
Z' to form the reflected image.  

 

ANSWER:  

 

SPORTS When a ball is rolled or struck without
spin against a wall, it bounces off the wall and 
travels in a ray that is the reflected image of the
path of the ball if it had gone straight through 
the wall. Use this information in Exercises 16 
and 17. 

 
16. BILLIARDS Tadeo is playing billiards. He wants to

strike the eight ball with the cue ball so that the eight 
ball bounces off the rail and rolls into the indicated 
pocket. If the eight ball moves with no spin, draw a 
diagram showing the exact point P along the right rail
where the eight ball should hit after being struck by 
the cue ball. 

 

SOLUTION:  
We want to determine where the 8 ball should hit the
rail so that it goes into the side pocket. To do this, we
will need to locate a point P on the rail of the table 
such that P is collinear with the side pocket and the 
reflection of the 8 ball.  
  
Step 1: Locate the reflection of the 8 ball. The rail 
(red line) is equidistant from the 8 ball and the 
reflection. 

 
Step 2: Draw a line from the side pocket to the 
reflection. We now know the line along which the 8 
ball should travel in order to go into the side pocket. 

 
The intersection of the red and blue lines is the 
location of point P. The distance from P to the 8 ball 
and from P to the reflection are equal. 

 

ANSWER:  

 

17. INDOOR SOCCER Abby is playing indoor soccer,
and she wants to hit the ball to point C, but must 
avoid an opposing player at point B. She decides to 
hit the ball at point A so that it bounces off the side 
wall. Draw a diagram that shows the exact point 
along the top wall for which Abby should aim. 

 

SOLUTION:  
You are asked to locate a point P on line k such 
that cP + A'P  has the least possible value. 
 
The total distance from c to P and then from A ' to P
is least when these three points are collinear. Use 
the reflection of point A  in line k to find the location 
for point P. 
  
Draw A 'c . Locate P at the intersection of line k and
line A 'c. 
  
Compare the sum cP + A'P  for each case to verify 
that the location found for P minimizes this sum 

 

ANSWER:  

 

Graph each figure and its image in the given 
line. 

 

 

 
18.  y  = 3 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line y  =
3. 
  
Draw y  = 3. 
  
Vertex A is 5 units up from y  = 3, locate the point 5
units down from y  = 3. A ' would be (–5, –2). 
Vertex B is 2 units up from the y  = 3,  locate the 
point 2 units down from y  = 3. B' would be (–1, 1). 
Vertex C is 3 units down from y  = 3, locate the 
point 3 units up from y  = 3. C' would be (–4, 6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

19.  x = –1 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line x =
–1. 
  
Draw x = –1. 
  
Vertex A is 4 units left from x = –1, locate the point
4 units right from x = –1. A ' would be (3, 8). 
Vertex B is on the line x = –1,  so B' would be (–1, 
5). 
Vertex C is 3 units left from x = –1, locate the point
3 units right from x = –1. C' would be (2, 0). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

20. JKLM; x = 1 

SOLUTION:  
J is (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line x = 1. 
  
Draw the line x = 1. 
  
Vertex J is at 2 units right from x = 1, locate the 
point 2 units left from x = 1. J' would be (–1, 8). 
Vertex K is 5 units right from x = 1, locate the point
5 units left from x = 1. K' would be (–4, 8). 
Vertex L is 5 units right from x = 1, locate the point 
5 units left from x = 1. L' would be (–4, 5). 
Vertex M is on x = 1, so M' would be (1, 2). 
  
Then connect the vertices, J', K', L', and M' to form
the reflected image. 

 

ANSWER:  

 

21. JKLM; y  = 4 

SOLUTION:  
J is at (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line y  = 4. 
  
Draw the line y  = 4. 
  
Vertex J is 4 units up from y  = 4, locate the point 4 
units down from y  = 4. J' would be (3, 0). 
Vertex K is 4 units up from y  = 4, locate the point 4
units down from y  = 4. K' would be (6, 0). 
Vertex L is 1 unit up from y  = 4, locate the point 1 
unit down from y  = 4. L' would be (6, 3). 
Vertex M is 2 units down from y  = 4, locate the 
point 2 units up from y  = 4. M' would be (1, 6). 
  
Then connect the vertices J', K', L', and M' to form 
the reflected image. 

 

ANSWER:  

 

22. WXYZ; y  = –4 

SOLUTION:  
W is at (–2, –2), X  is at (6, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line y  = –4. 
  
Draw the line y  = –4. 
  
Vertex W is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. W' would be (–2, –6). 
Vertex X is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. X ' would be (6, –6). 
Vertex Y is 1 unit down from y  = –4, locate the 
point 1 unit up from y  = –4. Y' would be (4, –3). 
Vertex Z is 3 units down from y  = –4, locate the 
point 3 units up from y  = –4. Z' would be (0, –1). 
  
Then connect the vertices W', X ', Y', and Z' to form 
the reflected image. 
  

 

ANSWER:  

 

23. WXYZ; x = –2 

SOLUTION:  
W is at (–2, –2), X  is at (5, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line x = –2. 
  
Draw the line x = –2. 
  
Vertex W is on x = –2, so W' would be (–2, –2). 
Vertex X is 7 units right from x = –2, locate the 
point 7 units left from x = –2. X ' would be (–9, –2).
Vertex Y is 6 units right from x = –2, locate the 
point 6 units left from x = –2. Y' would be (–8, –5). 
Vertex Z is 2 units right from x = –2, locate the 
point 2 units left from x = –2. Z' would be (–4, –7).
  
Then connect the vertices, W', X ', Y', and Z' to form
the reflected image. 
  

 

ANSWER:  

 

STRUCTURE  Graph each figure and its image 
under the given reflection. 

24. rectangle ABCD with vertices A(–5, 2), B(1, 2), C(1, 
–1), and D(–5, –1) in the line y  = –2 

SOLUTION:  
To reflect over the line  y  = –2, subtract from the y -
coordinate the distance from the y  = –2 line.  
  
(x, y ) → (x, y – distance from y = –2 ) 

A(–5, 2) → Distance: +4, A'(–5, –6) 

B(1, 2) → Distance: +4, B'(1, –6) 

C(1, –1) → Distance: +1, C'(1, –3), 

D(–5, –1) →Distance: +1, D'(–5, –3) 
  
Plot the points. Then connect the vertices, A ', B', 
C', and D' to form the reflected image. 

 

ANSWER:  

 

25. square JKLM  with vertices J(–4, 6), K(0, 6), L(0, 2),
and M (–4, 2) in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 

J(–4, 6) → J'(4, 6) 

K(0, 6), → K'(0, 6) 

L(0, 2) → L'(0, 2) 

M(–4, 2)  → M'(4, 2) 
  
Plot the points. Then connect the vertices, J, K', 
L',and M' to form the reflected image. 

 

ANSWER:  

 

26.  with vertices F(–3, 2), G(–4, –1), and H(–6, 
–1) in the line y  = x 

SOLUTION:  
To reflect over line y  = x, interchange the x- and  y -
coordinates.  
  
(x, y ) → (y, x)  

 F(–3, 2), →   F'(2, –3) 

G(–4, –1) → G'(–1, –4) 

H(–6, –1) → H'(–1, –6) 
  
Plot the points. Then connect the vertices, F', G', 
and H' to form the reflected image. 
  

 

ANSWER:  

 

27.  with vertices W(2, 3), X(7, 3), Y(6, –1), and 

Z(1, –1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

W(2, 3) →  W'(2, –3) 

X(7, 3) → X'(7, –3), 

Y(6, –1) → Y'(6, 1) 

Z(1, –1) →  Z'(1, 1) 
  
Plot the points. Then connect the vertices, W', X ', 
Y',and Z' to form the reflected image. 
  

 

ANSWER:  

 

Given each figure and image, describe the 
transformation using coordinate notation. 

28. P(–1, 4), Q(2, 4), R(1, –1), and S(–1, –1) and P'(1, 
4), Q'(–2, 4), R'(–1, –1), and S'(1, –1)  

SOLUTION:  
Plot the points for the figure and its image.  

 
Compare the coordinates. 
  
P(–1, 4) →  P'(1, 4) 

Q(2, 4) → Q'(–2, 4) 

R(1, –1) → R'(–1, –1) 

S(–1, –1) →  S'(1, –1) 

To get from the figure to its image each (x, y ) → (–
x, y ). 
This means a reflection in the y -axis.  

ANSWER:  
(x, y ) → (–x, y ); reflection in the y -axis 

29. S(–3, –2), T(–2, 3), and U(2, 2) and S'(–2, –3), T'(3, 
–2), and U'(2, 2) 

SOLUTION:  
Plot the points for the figure and its image.  
  

 
  
Compare the coordinates. 
  
S(–3, –2) → S'(–2 –3) 

T(–2, 3) → T'(3, –2) 

U(2, 2) → U'(2, 2) 
Each vertex is transformed by (x, y ) → (y , x). 
This is a reflection in the line y  = x, interchange the 
x- and  y -coordinates.  

ANSWER:  
(x, y ) → (y , x); reflection in the line y  = x 

Each figure shows a preimage and its reflected 
image in some line. Copy each figure and draw 
the line of reflection. 

30.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

31.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  

 

ANSWER:  

 

32.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

CONSTRUCTION To construct the reflection 
of a figure in a line using only a compass and a 
straightedge, 
you can use: 
• the construction of a line perpendicular to a 
given line through a point not on the line 
(Lesson 1-5), and 
• the construction of a segment congruent to a 
given segment (Lesson 1-2). 

 
TOOLS  Copy each figure and the given line of 
reflection. Then construct the reflected image. 

33.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at B 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from B to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
A and C. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

34.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at K 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from K to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
J and L. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
  
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

35. ARCHITECTURE Refer to the photo of the 
building on page 227.  
a. Identify the line of reflection.  
b. Identify the preimage/image pairs. Assume that 
architectural features on the left-hand side of the 
picture represent the preimages. 

SOLUTION:  

a. is the line of reflection because each point to
its left matches a point to its right.  
b. A and C, D and F,  and ,  and .  

ANSWER:  

a.  

b. A and C, D and F,  and ,  and .  

ALGEBRA Graph the line y  = 2x – 3 and its 
reflected image in the given line. What is the 
equation of the reflected image? 

36. x-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the x-axis, the x-intercept will 
be the same in the reflection. Use the y-intercept to 
find a second point on the reflected line. Since the y-
intercept is –3,  the y-intercept of the reflected line 
will be 3.  
  
Use (1.5, 0) and (0, 3) to write an equation for the 
reflected line.  
  

 
  

 
  

 

ANSWER:  

 

37. y-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y-axis, the y-intercept will 
be the same in the reflection. Use the x-intercept to 
find a second point on the reflected line. Since the x-
intercept is 1.5,  the x-intercept of the reflected line 
will be –1.5.  
  
Use (–1.5, 0) and (0, –3) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

38. y  = x 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y = x line, the x- and y-
coordinates are switched. Switch the coordinates for 
the intercepts.  The y-intercept is (0, –3), so x-
intercept of the reflected line would be (–3, 0). The 
x-intercept is (1.5, 0), so y-intercept of the reflected 
line would be (0, 1.5) 
  
Use (0, 1.5) and (–3, 0) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

39. Reflect  shown below in the line y  = 3x. 

 

SOLUTION:  
Each vertex and its image will be equidistant from y  
= 3x. To estimate the placement of the images of 
each vertex, first find the equation of the lines 
perpendicular to y  = 3x that pass through each 

vertex. Each of these lines will have the slope , 

which is the negative reciprocal of the slope in y  = 
3x. 
  
Vertex C(-3, 6) 

 
Graph this line. Use a ruler to find the distance 
between C(-3, 6) and the point of intersection with 
the line of reflection. Mark C' an equal distance 
along this line. 
  
Vertex D(-1, 1) 

 
Graph this line. Use a ruler to find the distance 
between D(-1, 1) and the point of intersection with 
the line of reflection. Mark D' an equal distance 
along this line. 
  
Vertex E(3, 5) 

 
Graph this line. Use a ruler to find the distance 
between E(3, 5) and the point of intersection with 
the line of reflection. Mark E' an equal distance 
along this line. 
Connect the vertices, C', D', and E' to form the 
reflected image. 

 
  

 

ANSWER:  

 

40. Relocate vertex C so that ABCDE is convex, and all 
sides remain the same length. 

 

SOLUTION:  
If you reflect vertex C over the BD line, the figure 
would become convex.  

 

ANSWER:  

 

ALGEBRA Graph the reflection of each 
function in the given line. Then write the 
equation of the reflected image. 

41. x-axis 

 

SOLUTION:  
To reflect a point in the x-axis, multiply its y -
coordinate by –1.  
  
To reflect   in the x-axis multiply by –
1.  

 

ANSWER:  

 

42. y-axis 

 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
To reflect  over the y -axis, multiply x 
by –1. The reflected equation will then be 

. 
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Copy the figure and the given line of reflection. 
Then draw the reflected image in this line using
a ruler. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line a. 
Step 2: Measure the distance from point C to the 
line a. Then locate C' the same distance from line a 
on the opposite side.  
Step 3: Repeat Step 2 to locate points D' and F'. 
Then connect the vertices, C', D', and F' to form 
the reflected image.  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point Q to the 
line k. Then locate Q' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points R', S' and 
T'. Then connect the vertices, Q', R', S', and T' to 
form the reflected image.  

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point W to the 
line f . Then locate W' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect the vertices, W', X ', Y' and Z' to 
form the reflected image.  
  

 

ANSWER:  

 

4. SPORTING EVENTS Toru is waiting at a café for 
a friend to bring him a ticket to a sold-out sporting 
event. At what point P along the street should the 
friend try to stop his car to minimize the distance 
Toru will have to walk from the café, to the car, and 
then to the arena entrance? Draw a diagram. 

 

SOLUTION:  
 You are asked to locate a point P on line se such 
that cP + Pe has the least possible value. 
 
The total distance from s to P and then from P to e 
is least when these three points are collinear. Use 
the reflection of point c over the road to find the 
location for point P. 
  
 Draw c'e (or se).  

 
  
Locate P at the intersection of road and line se . 

 
  
Compare the sum cP + Pe for each case to verify 
that the location found for P minimizes this sum. 

ANSWER:  
Sample answer: 

 

Graph  and its image in the given line.

 
5. y  = –2 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line y  = –2. 
  
Vertex A is 3 units up from y  = –2, locate the point 
3 units down from y  = –2. A ' would be (1, –5). 
Vertex B is on the line y  = –2, so B' would be at the
same point (2, –2). 
Vertex C is 4 units up from y  = –2, locate the point 
4 units down from y  = –2. C' would be (7, –6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  
  

 

ANSWER:  

 

6. x = 3 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line x = 3. 
  
Vertex A is 2 units left from x = 3, locate the point 
2 units right from x = 3. A ' would be at (5, 1). 
Vertex B is 1 unit left from  x = 3, locate the point 1
unit right from x = 3. B' would be at (4, –2). 
Vertex C is 4 units right from x = 3, locate the point
4 units left from x = 3. C' would be at (–1, 2). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

Graph each figure and its image under the given
reflection. 

7.  with vertices X(0, 4), Y(–3, 4), and Z(–4, –1) 
in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 
X(0, 4) → X'(0, 4) 
Y(–3, 4) → Y'(3, 4) 
Z(–4, –1) →Z'(4, –1) 
  
Plot the points. Then connect the vertices, X ', Y', 
and Z' to form the reflected image. 
  

 

ANSWER:  

 

8.  QRST with vertices Q(–1, 4), R(4, 4), S(3, 1), and
T(–2, 1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

Q(–1, 4) → Q'(–1, –4) 

R(4, 4) → R'(4, –4) 

S(3, 1) →S'(3, –1) 

T(–2, 1) →T'(–2, –1) 
  
Plot the points. Then connect the vertices, Q', R', S',
and T' to form the reflected image. 
  

 

ANSWER:  

 

9. Given quadrilaterals J(–3, 1), K(–1, 3), L(1, 3), and M
(–3, –1) and its image J'(1, –3), K'(3, –1), L'(3, 1), 
and M'(–1, –3), describe the transformation using 
coordinate notation.  

SOLUTION:  
Plot the points for the preimage and the image. 
  

 
The transformation sends each vertex as follows.
  
J(–3, 1) →  J'(1, –3) 

K(–1, 3) →  K'(3, –1) 

L(1, 3) → L'(3, 1) 

M(–3, –1)  → M'(–1, –3) 
  
That means that (x, y ) → (y , x). 
  
This is the result of a reflection over the y = x .  

ANSWER:  
(x, y ) → (y , x); reflection in the y = x .  

TOOLS Copy the figure and the given line of 
reflection. Then draw the reflected image in this
line using a ruler. 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point X  to the 
line k. Then locate X ' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect the vertices, X ', Y', and Z' to form the 
reflected image.  

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line s. 
Step 2: Measure the distance from point J to the 
line s. Then locate J' the same distance from line s 
on the opposite side.  
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect the vertices J', K', L', and M' to 
form the reflected image.  

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line c. 
Step 2: Measure the distance from point E to the 
line c. Then locate E' the same distance from line c 
on the opposite side.  
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect the vertices, E', F', G' and H' to 
form the reflected image.  

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line t. 
Step 2: Measure the distance from point A  to the 
line t. Then locate A ' the same distance from line t 
on the opposite side.  
Step 3: Repeat Step 2 to locate points B', C' and 
D'. Then connect the vertices, A ', B', C' and D' to 
form the reflected image.  

 

ANSWER:  

 

14.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line w. 
Step 2: Measure the distance from point P to the 
line w. Then locate P' the same distance from line w
on the opposite side.  
Step 3: Repeat Step 2 to locate points Q', R', S', 
T,' and U'. Then connect the vertices P', Q', R', S', 
T', and U' to form the reflected image.  

 

ANSWER:  

 

15.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point V to the 
line f . Then locate V' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect the vertices, V', W', X ', Y' and
Z' to form the reflected image.  

 

ANSWER:  

 

SPORTS When a ball is rolled or struck without
spin against a wall, it bounces off the wall and 
travels in a ray that is the reflected image of the
path of the ball if it had gone straight through 
the wall. Use this information in Exercises 16 
and 17. 

 
16. BILLIARDS Tadeo is playing billiards. He wants to

strike the eight ball with the cue ball so that the eight 
ball bounces off the rail and rolls into the indicated 
pocket. If the eight ball moves with no spin, draw a 
diagram showing the exact point P along the right rail
where the eight ball should hit after being struck by 
the cue ball. 

 

SOLUTION:  
We want to determine where the 8 ball should hit the
rail so that it goes into the side pocket. To do this, we
will need to locate a point P on the rail of the table 
such that P is collinear with the side pocket and the 
reflection of the 8 ball.  
  
Step 1: Locate the reflection of the 8 ball. The rail 
(red line) is equidistant from the 8 ball and the 
reflection. 

 
Step 2: Draw a line from the side pocket to the 
reflection. We now know the line along which the 8 
ball should travel in order to go into the side pocket. 

 
The intersection of the red and blue lines is the 
location of point P. The distance from P to the 8 ball 
and from P to the reflection are equal. 

 

ANSWER:  

 

17. INDOOR SOCCER Abby is playing indoor soccer,
and she wants to hit the ball to point C, but must 
avoid an opposing player at point B. She decides to 
hit the ball at point A so that it bounces off the side 
wall. Draw a diagram that shows the exact point 
along the top wall for which Abby should aim. 

 

SOLUTION:  
You are asked to locate a point P on line k such 
that cP + A'P  has the least possible value. 
 
The total distance from c to P and then from A ' to P
is least when these three points are collinear. Use 
the reflection of point A  in line k to find the location 
for point P. 
  
Draw A 'c . Locate P at the intersection of line k and
line A 'c. 
  
Compare the sum cP + A'P  for each case to verify 
that the location found for P minimizes this sum 

 

ANSWER:  

 

Graph each figure and its image in the given 
line. 

 

 

 
18.  y  = 3 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line y  =
3. 
  
Draw y  = 3. 
  
Vertex A is 5 units up from y  = 3, locate the point 5
units down from y  = 3. A ' would be (–5, –2). 
Vertex B is 2 units up from the y  = 3,  locate the 
point 2 units down from y  = 3. B' would be (–1, 1). 
Vertex C is 3 units down from y  = 3, locate the 
point 3 units up from y  = 3. C' would be (–4, 6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

19.  x = –1 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line x =
–1. 
  
Draw x = –1. 
  
Vertex A is 4 units left from x = –1, locate the point
4 units right from x = –1. A ' would be (3, 8). 
Vertex B is on the line x = –1,  so B' would be (–1, 
5). 
Vertex C is 3 units left from x = –1, locate the point
3 units right from x = –1. C' would be (2, 0). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

20. JKLM; x = 1 

SOLUTION:  
J is (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line x = 1. 
  
Draw the line x = 1. 
  
Vertex J is at 2 units right from x = 1, locate the 
point 2 units left from x = 1. J' would be (–1, 8). 
Vertex K is 5 units right from x = 1, locate the point
5 units left from x = 1. K' would be (–4, 8). 
Vertex L is 5 units right from x = 1, locate the point 
5 units left from x = 1. L' would be (–4, 5). 
Vertex M is on x = 1, so M' would be (1, 2). 
  
Then connect the vertices, J', K', L', and M' to form
the reflected image. 

 

ANSWER:  

 

21. JKLM; y  = 4 

SOLUTION:  
J is at (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line y  = 4. 
  
Draw the line y  = 4. 
  
Vertex J is 4 units up from y  = 4, locate the point 4 
units down from y  = 4. J' would be (3, 0). 
Vertex K is 4 units up from y  = 4, locate the point 4
units down from y  = 4. K' would be (6, 0). 
Vertex L is 1 unit up from y  = 4, locate the point 1 
unit down from y  = 4. L' would be (6, 3). 
Vertex M is 2 units down from y  = 4, locate the 
point 2 units up from y  = 4. M' would be (1, 6). 
  
Then connect the vertices J', K', L', and M' to form 
the reflected image. 

 

ANSWER:  

 

22. WXYZ; y  = –4 

SOLUTION:  
W is at (–2, –2), X  is at (6, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line y  = –4. 
  
Draw the line y  = –4. 
  
Vertex W is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. W' would be (–2, –6). 
Vertex X is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. X ' would be (6, –6). 
Vertex Y is 1 unit down from y  = –4, locate the 
point 1 unit up from y  = –4. Y' would be (4, –3). 
Vertex Z is 3 units down from y  = –4, locate the 
point 3 units up from y  = –4. Z' would be (0, –1). 
  
Then connect the vertices W', X ', Y', and Z' to form 
the reflected image. 
  

 

ANSWER:  

 

23. WXYZ; x = –2 

SOLUTION:  
W is at (–2, –2), X  is at (5, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line x = –2. 
  
Draw the line x = –2. 
  
Vertex W is on x = –2, so W' would be (–2, –2). 
Vertex X is 7 units right from x = –2, locate the 
point 7 units left from x = –2. X ' would be (–9, –2).
Vertex Y is 6 units right from x = –2, locate the 
point 6 units left from x = –2. Y' would be (–8, –5). 
Vertex Z is 2 units right from x = –2, locate the 
point 2 units left from x = –2. Z' would be (–4, –7).
  
Then connect the vertices, W', X ', Y', and Z' to form
the reflected image. 
  

 

ANSWER:  

 

STRUCTURE  Graph each figure and its image 
under the given reflection. 

24. rectangle ABCD with vertices A(–5, 2), B(1, 2), C(1, 
–1), and D(–5, –1) in the line y  = –2 

SOLUTION:  
To reflect over the line  y  = –2, subtract from the y -
coordinate the distance from the y  = –2 line.  
  
(x, y ) → (x, y – distance from y = –2 ) 

A(–5, 2) → Distance: +4, A'(–5, –6) 

B(1, 2) → Distance: +4, B'(1, –6) 

C(1, –1) → Distance: +1, C'(1, –3), 

D(–5, –1) →Distance: +1, D'(–5, –3) 
  
Plot the points. Then connect the vertices, A ', B', 
C', and D' to form the reflected image. 

 

ANSWER:  

 

25. square JKLM  with vertices J(–4, 6), K(0, 6), L(0, 2),
and M (–4, 2) in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 

J(–4, 6) → J'(4, 6) 

K(0, 6), → K'(0, 6) 

L(0, 2) → L'(0, 2) 

M(–4, 2)  → M'(4, 2) 
  
Plot the points. Then connect the vertices, J, K', 
L',and M' to form the reflected image. 

 

ANSWER:  

 

26.  with vertices F(–3, 2), G(–4, –1), and H(–6, 
–1) in the line y  = x 

SOLUTION:  
To reflect over line y  = x, interchange the x- and  y -
coordinates.  
  
(x, y ) → (y, x)  

 F(–3, 2), →   F'(2, –3) 

G(–4, –1) → G'(–1, –4) 

H(–6, –1) → H'(–1, –6) 
  
Plot the points. Then connect the vertices, F', G', 
and H' to form the reflected image. 
  

 

ANSWER:  

 

27.  with vertices W(2, 3), X(7, 3), Y(6, –1), and 

Z(1, –1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

W(2, 3) →  W'(2, –3) 

X(7, 3) → X'(7, –3), 

Y(6, –1) → Y'(6, 1) 

Z(1, –1) →  Z'(1, 1) 
  
Plot the points. Then connect the vertices, W', X ', 
Y',and Z' to form the reflected image. 
  

 

ANSWER:  

 

Given each figure and image, describe the 
transformation using coordinate notation. 

28. P(–1, 4), Q(2, 4), R(1, –1), and S(–1, –1) and P'(1, 
4), Q'(–2, 4), R'(–1, –1), and S'(1, –1)  

SOLUTION:  
Plot the points for the figure and its image.  

 
Compare the coordinates. 
  
P(–1, 4) →  P'(1, 4) 

Q(2, 4) → Q'(–2, 4) 

R(1, –1) → R'(–1, –1) 

S(–1, –1) →  S'(1, –1) 

To get from the figure to its image each (x, y ) → (–
x, y ). 
This means a reflection in the y -axis.  

ANSWER:  
(x, y ) → (–x, y ); reflection in the y -axis 

29. S(–3, –2), T(–2, 3), and U(2, 2) and S'(–2, –3), T'(3, 
–2), and U'(2, 2) 

SOLUTION:  
Plot the points for the figure and its image.  
  

 
  
Compare the coordinates. 
  
S(–3, –2) → S'(–2 –3) 

T(–2, 3) → T'(3, –2) 

U(2, 2) → U'(2, 2) 
Each vertex is transformed by (x, y ) → (y , x). 
This is a reflection in the line y  = x, interchange the 
x- and  y -coordinates.  

ANSWER:  
(x, y ) → (y , x); reflection in the line y  = x 

Each figure shows a preimage and its reflected 
image in some line. Copy each figure and draw 
the line of reflection. 

30.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

31.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  

 

ANSWER:  

 

32.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

CONSTRUCTION To construct the reflection 
of a figure in a line using only a compass and a 
straightedge, 
you can use: 
• the construction of a line perpendicular to a 
given line through a point not on the line 
(Lesson 1-5), and 
• the construction of a segment congruent to a 
given segment (Lesson 1-2). 

 
TOOLS  Copy each figure and the given line of 
reflection. Then construct the reflected image. 

33.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at B 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from B to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
A and C. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

34.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at K 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from K to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
J and L. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
  
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

35. ARCHITECTURE Refer to the photo of the 
building on page 227.  
a. Identify the line of reflection.  
b. Identify the preimage/image pairs. Assume that 
architectural features on the left-hand side of the 
picture represent the preimages. 

SOLUTION:  

a. is the line of reflection because each point to
its left matches a point to its right.  
b. A and C, D and F,  and ,  and .  

ANSWER:  

a.  

b. A and C, D and F,  and ,  and .  

ALGEBRA Graph the line y  = 2x – 3 and its 
reflected image in the given line. What is the 
equation of the reflected image? 

36. x-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the x-axis, the x-intercept will 
be the same in the reflection. Use the y-intercept to 
find a second point on the reflected line. Since the y-
intercept is –3,  the y-intercept of the reflected line 
will be 3.  
  
Use (1.5, 0) and (0, 3) to write an equation for the 
reflected line.  
  

 
  

 
  

 

ANSWER:  

 

37. y-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y-axis, the y-intercept will 
be the same in the reflection. Use the x-intercept to 
find a second point on the reflected line. Since the x-
intercept is 1.5,  the x-intercept of the reflected line 
will be –1.5.  
  
Use (–1.5, 0) and (0, –3) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

38. y  = x 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y = x line, the x- and y-
coordinates are switched. Switch the coordinates for 
the intercepts.  The y-intercept is (0, –3), so x-
intercept of the reflected line would be (–3, 0). The 
x-intercept is (1.5, 0), so y-intercept of the reflected 
line would be (0, 1.5) 
  
Use (0, 1.5) and (–3, 0) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

39. Reflect  shown below in the line y  = 3x. 

 

SOLUTION:  
Each vertex and its image will be equidistant from y  
= 3x. To estimate the placement of the images of 
each vertex, first find the equation of the lines 
perpendicular to y  = 3x that pass through each 

vertex. Each of these lines will have the slope , 

which is the negative reciprocal of the slope in y  = 
3x. 
  
Vertex C(-3, 6) 

 
Graph this line. Use a ruler to find the distance 
between C(-3, 6) and the point of intersection with 
the line of reflection. Mark C' an equal distance 
along this line. 
  
Vertex D(-1, 1) 

 
Graph this line. Use a ruler to find the distance 
between D(-1, 1) and the point of intersection with 
the line of reflection. Mark D' an equal distance 
along this line. 
  
Vertex E(3, 5) 

 
Graph this line. Use a ruler to find the distance 
between E(3, 5) and the point of intersection with 
the line of reflection. Mark E' an equal distance 
along this line. 
Connect the vertices, C', D', and E' to form the 
reflected image. 

 
  

 

ANSWER:  

 

40. Relocate vertex C so that ABCDE is convex, and all 
sides remain the same length. 

 

SOLUTION:  
If you reflect vertex C over the BD line, the figure 
would become convex.  

 

ANSWER:  

 

ALGEBRA Graph the reflection of each 
function in the given line. Then write the 
equation of the reflected image. 

41. x-axis 

 

SOLUTION:  
To reflect a point in the x-axis, multiply its y -
coordinate by –1.  
  
To reflect   in the x-axis multiply by –
1.  

 

ANSWER:  

 

42. y-axis 

 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
To reflect  over the y -axis, multiply x 
by –1. The reflected equation will then be 

. 

  
  

 

Copy the figure and the given line of reflection. 
Then draw the reflected image in this line using
a ruler. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line a. 
Step 2: Measure the distance from point C to the 
line a. Then locate C' the same distance from line a 
on the opposite side.  
Step 3: Repeat Step 2 to locate points D' and F'. 
Then connect the vertices, C', D', and F' to form 
the reflected image.  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point Q to the 
line k. Then locate Q' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points R', S' and 
T'. Then connect the vertices, Q', R', S', and T' to 
form the reflected image.  

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point W to the 
line f . Then locate W' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect the vertices, W', X ', Y' and Z' to 
form the reflected image.  
  

 

ANSWER:  

 

4. SPORTING EVENTS Toru is waiting at a café for 
a friend to bring him a ticket to a sold-out sporting 
event. At what point P along the street should the 
friend try to stop his car to minimize the distance 
Toru will have to walk from the café, to the car, and 
then to the arena entrance? Draw a diagram. 

 

SOLUTION:  
 You are asked to locate a point P on line se such 
that cP + Pe has the least possible value. 
 
The total distance from s to P and then from P to e 
is least when these three points are collinear. Use 
the reflection of point c over the road to find the 
location for point P. 
  
 Draw c'e (or se).  

 
  
Locate P at the intersection of road and line se . 

 
  
Compare the sum cP + Pe for each case to verify 
that the location found for P minimizes this sum. 

ANSWER:  
Sample answer: 

 

Graph  and its image in the given line.

 
5. y  = –2 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line y  = –2. 
  
Vertex A is 3 units up from y  = –2, locate the point 
3 units down from y  = –2. A ' would be (1, –5). 
Vertex B is on the line y  = –2, so B' would be at the
same point (2, –2). 
Vertex C is 4 units up from y  = –2, locate the point 
4 units down from y  = –2. C' would be (7, –6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  
  

 

ANSWER:  

 

6. x = 3 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line x = 3. 
  
Vertex A is 2 units left from x = 3, locate the point 
2 units right from x = 3. A ' would be at (5, 1). 
Vertex B is 1 unit left from  x = 3, locate the point 1
unit right from x = 3. B' would be at (4, –2). 
Vertex C is 4 units right from x = 3, locate the point
4 units left from x = 3. C' would be at (–1, 2). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

Graph each figure and its image under the given
reflection. 

7.  with vertices X(0, 4), Y(–3, 4), and Z(–4, –1) 
in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 
X(0, 4) → X'(0, 4) 
Y(–3, 4) → Y'(3, 4) 
Z(–4, –1) →Z'(4, –1) 
  
Plot the points. Then connect the vertices, X ', Y', 
and Z' to form the reflected image. 
  

 

ANSWER:  

 

8.  QRST with vertices Q(–1, 4), R(4, 4), S(3, 1), and
T(–2, 1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

Q(–1, 4) → Q'(–1, –4) 

R(4, 4) → R'(4, –4) 

S(3, 1) →S'(3, –1) 

T(–2, 1) →T'(–2, –1) 
  
Plot the points. Then connect the vertices, Q', R', S',
and T' to form the reflected image. 
  

 

ANSWER:  

 

9. Given quadrilaterals J(–3, 1), K(–1, 3), L(1, 3), and M
(–3, –1) and its image J'(1, –3), K'(3, –1), L'(3, 1), 
and M'(–1, –3), describe the transformation using 
coordinate notation.  

SOLUTION:  
Plot the points for the preimage and the image. 
  

 
The transformation sends each vertex as follows.
  
J(–3, 1) →  J'(1, –3) 

K(–1, 3) →  K'(3, –1) 

L(1, 3) → L'(3, 1) 

M(–3, –1)  → M'(–1, –3) 
  
That means that (x, y ) → (y , x). 
  
This is the result of a reflection over the y = x .  

ANSWER:  
(x, y ) → (y , x); reflection in the y = x .  

TOOLS Copy the figure and the given line of 
reflection. Then draw the reflected image in this
line using a ruler. 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point X  to the 
line k. Then locate X ' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect the vertices, X ', Y', and Z' to form the 
reflected image.  

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line s. 
Step 2: Measure the distance from point J to the 
line s. Then locate J' the same distance from line s 
on the opposite side.  
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect the vertices J', K', L', and M' to 
form the reflected image.  

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line c. 
Step 2: Measure the distance from point E to the 
line c. Then locate E' the same distance from line c 
on the opposite side.  
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect the vertices, E', F', G' and H' to 
form the reflected image.  

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line t. 
Step 2: Measure the distance from point A  to the 
line t. Then locate A ' the same distance from line t 
on the opposite side.  
Step 3: Repeat Step 2 to locate points B', C' and 
D'. Then connect the vertices, A ', B', C' and D' to 
form the reflected image.  

 

ANSWER:  

 

14.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line w. 
Step 2: Measure the distance from point P to the 
line w. Then locate P' the same distance from line w
on the opposite side.  
Step 3: Repeat Step 2 to locate points Q', R', S', 
T,' and U'. Then connect the vertices P', Q', R', S', 
T', and U' to form the reflected image.  

 

ANSWER:  

 

15.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point V to the 
line f . Then locate V' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect the vertices, V', W', X ', Y' and
Z' to form the reflected image.  

 

ANSWER:  

 

SPORTS When a ball is rolled or struck without
spin against a wall, it bounces off the wall and 
travels in a ray that is the reflected image of the
path of the ball if it had gone straight through 
the wall. Use this information in Exercises 16 
and 17. 

 
16. BILLIARDS Tadeo is playing billiards. He wants to

strike the eight ball with the cue ball so that the eight 
ball bounces off the rail and rolls into the indicated 
pocket. If the eight ball moves with no spin, draw a 
diagram showing the exact point P along the right rail
where the eight ball should hit after being struck by 
the cue ball. 

 

SOLUTION:  
We want to determine where the 8 ball should hit the
rail so that it goes into the side pocket. To do this, we
will need to locate a point P on the rail of the table 
such that P is collinear with the side pocket and the 
reflection of the 8 ball.  
  
Step 1: Locate the reflection of the 8 ball. The rail 
(red line) is equidistant from the 8 ball and the 
reflection. 

 
Step 2: Draw a line from the side pocket to the 
reflection. We now know the line along which the 8 
ball should travel in order to go into the side pocket. 

 
The intersection of the red and blue lines is the 
location of point P. The distance from P to the 8 ball 
and from P to the reflection are equal. 

 

ANSWER:  

 

17. INDOOR SOCCER Abby is playing indoor soccer,
and she wants to hit the ball to point C, but must 
avoid an opposing player at point B. She decides to 
hit the ball at point A so that it bounces off the side 
wall. Draw a diagram that shows the exact point 
along the top wall for which Abby should aim. 

 

SOLUTION:  
You are asked to locate a point P on line k such 
that cP + A'P  has the least possible value. 
 
The total distance from c to P and then from A ' to P
is least when these three points are collinear. Use 
the reflection of point A  in line k to find the location 
for point P. 
  
Draw A 'c . Locate P at the intersection of line k and
line A 'c. 
  
Compare the sum cP + A'P  for each case to verify 
that the location found for P minimizes this sum 

 

ANSWER:  

 

Graph each figure and its image in the given 
line. 

 

 

 
18.  y  = 3 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line y  =
3. 
  
Draw y  = 3. 
  
Vertex A is 5 units up from y  = 3, locate the point 5
units down from y  = 3. A ' would be (–5, –2). 
Vertex B is 2 units up from the y  = 3,  locate the 
point 2 units down from y  = 3. B' would be (–1, 1). 
Vertex C is 3 units down from y  = 3, locate the 
point 3 units up from y  = 3. C' would be (–4, 6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

19.  x = –1 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line x =
–1. 
  
Draw x = –1. 
  
Vertex A is 4 units left from x = –1, locate the point
4 units right from x = –1. A ' would be (3, 8). 
Vertex B is on the line x = –1,  so B' would be (–1, 
5). 
Vertex C is 3 units left from x = –1, locate the point
3 units right from x = –1. C' would be (2, 0). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

20. JKLM; x = 1 

SOLUTION:  
J is (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line x = 1. 
  
Draw the line x = 1. 
  
Vertex J is at 2 units right from x = 1, locate the 
point 2 units left from x = 1. J' would be (–1, 8). 
Vertex K is 5 units right from x = 1, locate the point
5 units left from x = 1. K' would be (–4, 8). 
Vertex L is 5 units right from x = 1, locate the point 
5 units left from x = 1. L' would be (–4, 5). 
Vertex M is on x = 1, so M' would be (1, 2). 
  
Then connect the vertices, J', K', L', and M' to form
the reflected image. 

 

ANSWER:  

 

21. JKLM; y  = 4 

SOLUTION:  
J is at (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line y  = 4. 
  
Draw the line y  = 4. 
  
Vertex J is 4 units up from y  = 4, locate the point 4 
units down from y  = 4. J' would be (3, 0). 
Vertex K is 4 units up from y  = 4, locate the point 4
units down from y  = 4. K' would be (6, 0). 
Vertex L is 1 unit up from y  = 4, locate the point 1 
unit down from y  = 4. L' would be (6, 3). 
Vertex M is 2 units down from y  = 4, locate the 
point 2 units up from y  = 4. M' would be (1, 6). 
  
Then connect the vertices J', K', L', and M' to form 
the reflected image. 

 

ANSWER:  

 

22. WXYZ; y  = –4 

SOLUTION:  
W is at (–2, –2), X  is at (6, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line y  = –4. 
  
Draw the line y  = –4. 
  
Vertex W is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. W' would be (–2, –6). 
Vertex X is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. X ' would be (6, –6). 
Vertex Y is 1 unit down from y  = –4, locate the 
point 1 unit up from y  = –4. Y' would be (4, –3). 
Vertex Z is 3 units down from y  = –4, locate the 
point 3 units up from y  = –4. Z' would be (0, –1). 
  
Then connect the vertices W', X ', Y', and Z' to form 
the reflected image. 
  

 

ANSWER:  

 

23. WXYZ; x = –2 

SOLUTION:  
W is at (–2, –2), X  is at (5, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line x = –2. 
  
Draw the line x = –2. 
  
Vertex W is on x = –2, so W' would be (–2, –2). 
Vertex X is 7 units right from x = –2, locate the 
point 7 units left from x = –2. X ' would be (–9, –2).
Vertex Y is 6 units right from x = –2, locate the 
point 6 units left from x = –2. Y' would be (–8, –5). 
Vertex Z is 2 units right from x = –2, locate the 
point 2 units left from x = –2. Z' would be (–4, –7).
  
Then connect the vertices, W', X ', Y', and Z' to form
the reflected image. 
  

 

ANSWER:  

 

STRUCTURE  Graph each figure and its image 
under the given reflection. 

24. rectangle ABCD with vertices A(–5, 2), B(1, 2), C(1, 
–1), and D(–5, –1) in the line y  = –2 

SOLUTION:  
To reflect over the line  y  = –2, subtract from the y -
coordinate the distance from the y  = –2 line.  
  
(x, y ) → (x, y – distance from y = –2 ) 

A(–5, 2) → Distance: +4, A'(–5, –6) 

B(1, 2) → Distance: +4, B'(1, –6) 

C(1, –1) → Distance: +1, C'(1, –3), 

D(–5, –1) →Distance: +1, D'(–5, –3) 
  
Plot the points. Then connect the vertices, A ', B', 
C', and D' to form the reflected image. 

 

ANSWER:  

 

25. square JKLM  with vertices J(–4, 6), K(0, 6), L(0, 2),
and M (–4, 2) in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 

J(–4, 6) → J'(4, 6) 

K(0, 6), → K'(0, 6) 

L(0, 2) → L'(0, 2) 

M(–4, 2)  → M'(4, 2) 
  
Plot the points. Then connect the vertices, J, K', 
L',and M' to form the reflected image. 

 

ANSWER:  

 

26.  with vertices F(–3, 2), G(–4, –1), and H(–6, 
–1) in the line y  = x 

SOLUTION:  
To reflect over line y  = x, interchange the x- and  y -
coordinates.  
  
(x, y ) → (y, x)  

 F(–3, 2), →   F'(2, –3) 

G(–4, –1) → G'(–1, –4) 

H(–6, –1) → H'(–1, –6) 
  
Plot the points. Then connect the vertices, F', G', 
and H' to form the reflected image. 
  

 

ANSWER:  

 

27.  with vertices W(2, 3), X(7, 3), Y(6, –1), and 

Z(1, –1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

W(2, 3) →  W'(2, –3) 

X(7, 3) → X'(7, –3), 

Y(6, –1) → Y'(6, 1) 

Z(1, –1) →  Z'(1, 1) 
  
Plot the points. Then connect the vertices, W', X ', 
Y',and Z' to form the reflected image. 
  

 

ANSWER:  

 

Given each figure and image, describe the 
transformation using coordinate notation. 

28. P(–1, 4), Q(2, 4), R(1, –1), and S(–1, –1) and P'(1, 
4), Q'(–2, 4), R'(–1, –1), and S'(1, –1)  

SOLUTION:  
Plot the points for the figure and its image.  

 
Compare the coordinates. 
  
P(–1, 4) →  P'(1, 4) 

Q(2, 4) → Q'(–2, 4) 

R(1, –1) → R'(–1, –1) 

S(–1, –1) →  S'(1, –1) 

To get from the figure to its image each (x, y ) → (–
x, y ). 
This means a reflection in the y -axis.  

ANSWER:  
(x, y ) → (–x, y ); reflection in the y -axis 

29. S(–3, –2), T(–2, 3), and U(2, 2) and S'(–2, –3), T'(3, 
–2), and U'(2, 2) 

SOLUTION:  
Plot the points for the figure and its image.  
  

 
  
Compare the coordinates. 
  
S(–3, –2) → S'(–2 –3) 

T(–2, 3) → T'(3, –2) 

U(2, 2) → U'(2, 2) 
Each vertex is transformed by (x, y ) → (y , x). 
This is a reflection in the line y  = x, interchange the 
x- and  y -coordinates.  

ANSWER:  
(x, y ) → (y , x); reflection in the line y  = x 

Each figure shows a preimage and its reflected 
image in some line. Copy each figure and draw 
the line of reflection. 

30.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

31.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  

 

ANSWER:  

 

32.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

CONSTRUCTION To construct the reflection 
of a figure in a line using only a compass and a 
straightedge, 
you can use: 
• the construction of a line perpendicular to a 
given line through a point not on the line 
(Lesson 1-5), and 
• the construction of a segment congruent to a 
given segment (Lesson 1-2). 

 
TOOLS  Copy each figure and the given line of 
reflection. Then construct the reflected image. 

33.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at B 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from B to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
A and C. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

34.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at K 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from K to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
J and L. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
  
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

35. ARCHITECTURE Refer to the photo of the 
building on page 227.  
a. Identify the line of reflection.  
b. Identify the preimage/image pairs. Assume that 
architectural features on the left-hand side of the 
picture represent the preimages. 

SOLUTION:  

a. is the line of reflection because each point to
its left matches a point to its right.  
b. A and C, D and F,  and ,  and .  

ANSWER:  

a.  

b. A and C, D and F,  and ,  and .  

ALGEBRA Graph the line y  = 2x – 3 and its 
reflected image in the given line. What is the 
equation of the reflected image? 

36. x-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the x-axis, the x-intercept will 
be the same in the reflection. Use the y-intercept to 
find a second point on the reflected line. Since the y-
intercept is –3,  the y-intercept of the reflected line 
will be 3.  
  
Use (1.5, 0) and (0, 3) to write an equation for the 
reflected line.  
  

 
  

 
  

 

ANSWER:  

 

37. y-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y-axis, the y-intercept will 
be the same in the reflection. Use the x-intercept to 
find a second point on the reflected line. Since the x-
intercept is 1.5,  the x-intercept of the reflected line 
will be –1.5.  
  
Use (–1.5, 0) and (0, –3) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

38. y  = x 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y = x line, the x- and y-
coordinates are switched. Switch the coordinates for 
the intercepts.  The y-intercept is (0, –3), so x-
intercept of the reflected line would be (–3, 0). The 
x-intercept is (1.5, 0), so y-intercept of the reflected 
line would be (0, 1.5) 
  
Use (0, 1.5) and (–3, 0) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

39. Reflect  shown below in the line y  = 3x. 

 

SOLUTION:  
Each vertex and its image will be equidistant from y  
= 3x. To estimate the placement of the images of 
each vertex, first find the equation of the lines 
perpendicular to y  = 3x that pass through each 

vertex. Each of these lines will have the slope , 

which is the negative reciprocal of the slope in y  = 
3x. 
  
Vertex C(-3, 6) 

 
Graph this line. Use a ruler to find the distance 
between C(-3, 6) and the point of intersection with 
the line of reflection. Mark C' an equal distance 
along this line. 
  
Vertex D(-1, 1) 

 
Graph this line. Use a ruler to find the distance 
between D(-1, 1) and the point of intersection with 
the line of reflection. Mark D' an equal distance 
along this line. 
  
Vertex E(3, 5) 

 
Graph this line. Use a ruler to find the distance 
between E(3, 5) and the point of intersection with 
the line of reflection. Mark E' an equal distance 
along this line. 
Connect the vertices, C', D', and E' to form the 
reflected image. 

 
  

 

ANSWER:  

 

40. Relocate vertex C so that ABCDE is convex, and all 
sides remain the same length. 

 

SOLUTION:  
If you reflect vertex C over the BD line, the figure 
would become convex.  

 

ANSWER:  

 

ALGEBRA Graph the reflection of each 
function in the given line. Then write the 
equation of the reflected image. 

41. x-axis 

 

SOLUTION:  
To reflect a point in the x-axis, multiply its y -
coordinate by –1.  
  
To reflect   in the x-axis multiply by –
1.  

 

ANSWER:  

 

42. y-axis 

 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
To reflect  over the y -axis, multiply x 
by –1. The reflected equation will then be 

. 
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Copy the figure and the given line of reflection. 
Then draw the reflected image in this line using
a ruler. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line a. 
Step 2: Measure the distance from point C to the 
line a. Then locate C' the same distance from line a 
on the opposite side.  
Step 3: Repeat Step 2 to locate points D' and F'. 
Then connect the vertices, C', D', and F' to form 
the reflected image.  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point Q to the 
line k. Then locate Q' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points R', S' and 
T'. Then connect the vertices, Q', R', S', and T' to 
form the reflected image.  

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point W to the 
line f . Then locate W' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect the vertices, W', X ', Y' and Z' to 
form the reflected image.  
  

 

ANSWER:  

 

4. SPORTING EVENTS Toru is waiting at a café for 
a friend to bring him a ticket to a sold-out sporting 
event. At what point P along the street should the 
friend try to stop his car to minimize the distance 
Toru will have to walk from the café, to the car, and 
then to the arena entrance? Draw a diagram. 

 

SOLUTION:  
 You are asked to locate a point P on line se such 
that cP + Pe has the least possible value. 
 
The total distance from s to P and then from P to e 
is least when these three points are collinear. Use 
the reflection of point c over the road to find the 
location for point P. 
  
 Draw c'e (or se).  

 
  
Locate P at the intersection of road and line se . 

 
  
Compare the sum cP + Pe for each case to verify 
that the location found for P minimizes this sum. 

ANSWER:  
Sample answer: 

 

Graph  and its image in the given line.

 
5. y  = –2 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line y  = –2. 
  
Vertex A is 3 units up from y  = –2, locate the point 
3 units down from y  = –2. A ' would be (1, –5). 
Vertex B is on the line y  = –2, so B' would be at the
same point (2, –2). 
Vertex C is 4 units up from y  = –2, locate the point 
4 units down from y  = –2. C' would be (7, –6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  
  

 

ANSWER:  

 

6. x = 3 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line x = 3. 
  
Vertex A is 2 units left from x = 3, locate the point 
2 units right from x = 3. A ' would be at (5, 1). 
Vertex B is 1 unit left from  x = 3, locate the point 1
unit right from x = 3. B' would be at (4, –2). 
Vertex C is 4 units right from x = 3, locate the point
4 units left from x = 3. C' would be at (–1, 2). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

Graph each figure and its image under the given
reflection. 

7.  with vertices X(0, 4), Y(–3, 4), and Z(–4, –1) 
in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 
X(0, 4) → X'(0, 4) 
Y(–3, 4) → Y'(3, 4) 
Z(–4, –1) →Z'(4, –1) 
  
Plot the points. Then connect the vertices, X ', Y', 
and Z' to form the reflected image. 
  

 

ANSWER:  

 

8.  QRST with vertices Q(–1, 4), R(4, 4), S(3, 1), and
T(–2, 1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

Q(–1, 4) → Q'(–1, –4) 

R(4, 4) → R'(4, –4) 

S(3, 1) →S'(3, –1) 

T(–2, 1) →T'(–2, –1) 
  
Plot the points. Then connect the vertices, Q', R', S',
and T' to form the reflected image. 
  

 

ANSWER:  

 

9. Given quadrilaterals J(–3, 1), K(–1, 3), L(1, 3), and M
(–3, –1) and its image J'(1, –3), K'(3, –1), L'(3, 1), 
and M'(–1, –3), describe the transformation using 
coordinate notation.  

SOLUTION:  
Plot the points for the preimage and the image. 
  

 
The transformation sends each vertex as follows.
  
J(–3, 1) →  J'(1, –3) 

K(–1, 3) →  K'(3, –1) 

L(1, 3) → L'(3, 1) 

M(–3, –1)  → M'(–1, –3) 
  
That means that (x, y ) → (y , x). 
  
This is the result of a reflection over the y = x .  

ANSWER:  
(x, y ) → (y , x); reflection in the y = x .  

TOOLS Copy the figure and the given line of 
reflection. Then draw the reflected image in this
line using a ruler. 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point X  to the 
line k. Then locate X ' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect the vertices, X ', Y', and Z' to form the 
reflected image.  

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line s. 
Step 2: Measure the distance from point J to the 
line s. Then locate J' the same distance from line s 
on the opposite side.  
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect the vertices J', K', L', and M' to 
form the reflected image.  

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line c. 
Step 2: Measure the distance from point E to the 
line c. Then locate E' the same distance from line c 
on the opposite side.  
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect the vertices, E', F', G' and H' to 
form the reflected image.  

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line t. 
Step 2: Measure the distance from point A  to the 
line t. Then locate A ' the same distance from line t 
on the opposite side.  
Step 3: Repeat Step 2 to locate points B', C' and 
D'. Then connect the vertices, A ', B', C' and D' to 
form the reflected image.  

 

ANSWER:  

 

14.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line w. 
Step 2: Measure the distance from point P to the 
line w. Then locate P' the same distance from line w
on the opposite side.  
Step 3: Repeat Step 2 to locate points Q', R', S', 
T,' and U'. Then connect the vertices P', Q', R', S', 
T', and U' to form the reflected image.  

 

ANSWER:  

 

15.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point V to the 
line f . Then locate V' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect the vertices, V', W', X ', Y' and
Z' to form the reflected image.  

 

ANSWER:  

 

SPORTS When a ball is rolled or struck without
spin against a wall, it bounces off the wall and 
travels in a ray that is the reflected image of the
path of the ball if it had gone straight through 
the wall. Use this information in Exercises 16 
and 17. 

 
16. BILLIARDS Tadeo is playing billiards. He wants to

strike the eight ball with the cue ball so that the eight 
ball bounces off the rail and rolls into the indicated 
pocket. If the eight ball moves with no spin, draw a 
diagram showing the exact point P along the right rail
where the eight ball should hit after being struck by 
the cue ball. 

 

SOLUTION:  
We want to determine where the 8 ball should hit the
rail so that it goes into the side pocket. To do this, we
will need to locate a point P on the rail of the table 
such that P is collinear with the side pocket and the 
reflection of the 8 ball.  
  
Step 1: Locate the reflection of the 8 ball. The rail 
(red line) is equidistant from the 8 ball and the 
reflection. 

 
Step 2: Draw a line from the side pocket to the 
reflection. We now know the line along which the 8 
ball should travel in order to go into the side pocket. 

 
The intersection of the red and blue lines is the 
location of point P. The distance from P to the 8 ball 
and from P to the reflection are equal. 

 

ANSWER:  

 

17. INDOOR SOCCER Abby is playing indoor soccer,
and she wants to hit the ball to point C, but must 
avoid an opposing player at point B. She decides to 
hit the ball at point A so that it bounces off the side 
wall. Draw a diagram that shows the exact point 
along the top wall for which Abby should aim. 

 

SOLUTION:  
You are asked to locate a point P on line k such 
that cP + A'P  has the least possible value. 
 
The total distance from c to P and then from A ' to P
is least when these three points are collinear. Use 
the reflection of point A  in line k to find the location 
for point P. 
  
Draw A 'c . Locate P at the intersection of line k and
line A 'c. 
  
Compare the sum cP + A'P  for each case to verify 
that the location found for P minimizes this sum 

 

ANSWER:  

 

Graph each figure and its image in the given 
line. 

 

 

 
18.  y  = 3 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line y  =
3. 
  
Draw y  = 3. 
  
Vertex A is 5 units up from y  = 3, locate the point 5
units down from y  = 3. A ' would be (–5, –2). 
Vertex B is 2 units up from the y  = 3,  locate the 
point 2 units down from y  = 3. B' would be (–1, 1). 
Vertex C is 3 units down from y  = 3, locate the 
point 3 units up from y  = 3. C' would be (–4, 6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

19.  x = –1 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line x =
–1. 
  
Draw x = –1. 
  
Vertex A is 4 units left from x = –1, locate the point
4 units right from x = –1. A ' would be (3, 8). 
Vertex B is on the line x = –1,  so B' would be (–1, 
5). 
Vertex C is 3 units left from x = –1, locate the point
3 units right from x = –1. C' would be (2, 0). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

20. JKLM; x = 1 

SOLUTION:  
J is (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line x = 1. 
  
Draw the line x = 1. 
  
Vertex J is at 2 units right from x = 1, locate the 
point 2 units left from x = 1. J' would be (–1, 8). 
Vertex K is 5 units right from x = 1, locate the point
5 units left from x = 1. K' would be (–4, 8). 
Vertex L is 5 units right from x = 1, locate the point 
5 units left from x = 1. L' would be (–4, 5). 
Vertex M is on x = 1, so M' would be (1, 2). 
  
Then connect the vertices, J', K', L', and M' to form
the reflected image. 

 

ANSWER:  

 

21. JKLM; y  = 4 

SOLUTION:  
J is at (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line y  = 4. 
  
Draw the line y  = 4. 
  
Vertex J is 4 units up from y  = 4, locate the point 4 
units down from y  = 4. J' would be (3, 0). 
Vertex K is 4 units up from y  = 4, locate the point 4
units down from y  = 4. K' would be (6, 0). 
Vertex L is 1 unit up from y  = 4, locate the point 1 
unit down from y  = 4. L' would be (6, 3). 
Vertex M is 2 units down from y  = 4, locate the 
point 2 units up from y  = 4. M' would be (1, 6). 
  
Then connect the vertices J', K', L', and M' to form 
the reflected image. 

 

ANSWER:  

 

22. WXYZ; y  = –4 

SOLUTION:  
W is at (–2, –2), X  is at (6, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line y  = –4. 
  
Draw the line y  = –4. 
  
Vertex W is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. W' would be (–2, –6). 
Vertex X is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. X ' would be (6, –6). 
Vertex Y is 1 unit down from y  = –4, locate the 
point 1 unit up from y  = –4. Y' would be (4, –3). 
Vertex Z is 3 units down from y  = –4, locate the 
point 3 units up from y  = –4. Z' would be (0, –1). 
  
Then connect the vertices W', X ', Y', and Z' to form 
the reflected image. 
  

 

ANSWER:  

 

23. WXYZ; x = –2 

SOLUTION:  
W is at (–2, –2), X  is at (5, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line x = –2. 
  
Draw the line x = –2. 
  
Vertex W is on x = –2, so W' would be (–2, –2). 
Vertex X is 7 units right from x = –2, locate the 
point 7 units left from x = –2. X ' would be (–9, –2).
Vertex Y is 6 units right from x = –2, locate the 
point 6 units left from x = –2. Y' would be (–8, –5). 
Vertex Z is 2 units right from x = –2, locate the 
point 2 units left from x = –2. Z' would be (–4, –7).
  
Then connect the vertices, W', X ', Y', and Z' to form
the reflected image. 
  

 

ANSWER:  

 

STRUCTURE  Graph each figure and its image 
under the given reflection. 

24. rectangle ABCD with vertices A(–5, 2), B(1, 2), C(1, 
–1), and D(–5, –1) in the line y  = –2 

SOLUTION:  
To reflect over the line  y  = –2, subtract from the y -
coordinate the distance from the y  = –2 line.  
  
(x, y ) → (x, y – distance from y = –2 ) 

A(–5, 2) → Distance: +4, A'(–5, –6) 

B(1, 2) → Distance: +4, B'(1, –6) 

C(1, –1) → Distance: +1, C'(1, –3), 

D(–5, –1) →Distance: +1, D'(–5, –3) 
  
Plot the points. Then connect the vertices, A ', B', 
C', and D' to form the reflected image. 

 

ANSWER:  

 

25. square JKLM  with vertices J(–4, 6), K(0, 6), L(0, 2),
and M (–4, 2) in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 

J(–4, 6) → J'(4, 6) 

K(0, 6), → K'(0, 6) 

L(0, 2) → L'(0, 2) 

M(–4, 2)  → M'(4, 2) 
  
Plot the points. Then connect the vertices, J, K', 
L',and M' to form the reflected image. 

 

ANSWER:  

 

26.  with vertices F(–3, 2), G(–4, –1), and H(–6, 
–1) in the line y  = x 

SOLUTION:  
To reflect over line y  = x, interchange the x- and  y -
coordinates.  
  
(x, y ) → (y, x)  

 F(–3, 2), →   F'(2, –3) 

G(–4, –1) → G'(–1, –4) 

H(–6, –1) → H'(–1, –6) 
  
Plot the points. Then connect the vertices, F', G', 
and H' to form the reflected image. 
  

 

ANSWER:  

 

27.  with vertices W(2, 3), X(7, 3), Y(6, –1), and 

Z(1, –1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

W(2, 3) →  W'(2, –3) 

X(7, 3) → X'(7, –3), 

Y(6, –1) → Y'(6, 1) 

Z(1, –1) →  Z'(1, 1) 
  
Plot the points. Then connect the vertices, W', X ', 
Y',and Z' to form the reflected image. 
  

 

ANSWER:  

 

Given each figure and image, describe the 
transformation using coordinate notation. 

28. P(–1, 4), Q(2, 4), R(1, –1), and S(–1, –1) and P'(1, 
4), Q'(–2, 4), R'(–1, –1), and S'(1, –1)  

SOLUTION:  
Plot the points for the figure and its image.  

 
Compare the coordinates. 
  
P(–1, 4) →  P'(1, 4) 

Q(2, 4) → Q'(–2, 4) 

R(1, –1) → R'(–1, –1) 

S(–1, –1) →  S'(1, –1) 

To get from the figure to its image each (x, y ) → (–
x, y ). 
This means a reflection in the y -axis.  

ANSWER:  
(x, y ) → (–x, y ); reflection in the y -axis 

29. S(–3, –2), T(–2, 3), and U(2, 2) and S'(–2, –3), T'(3, 
–2), and U'(2, 2) 

SOLUTION:  
Plot the points for the figure and its image.  
  

 
  
Compare the coordinates. 
  
S(–3, –2) → S'(–2 –3) 

T(–2, 3) → T'(3, –2) 

U(2, 2) → U'(2, 2) 
Each vertex is transformed by (x, y ) → (y , x). 
This is a reflection in the line y  = x, interchange the 
x- and  y -coordinates.  

ANSWER:  
(x, y ) → (y , x); reflection in the line y  = x 

Each figure shows a preimage and its reflected 
image in some line. Copy each figure and draw 
the line of reflection. 

30.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

31.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  

 

ANSWER:  

 

32.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

CONSTRUCTION To construct the reflection 
of a figure in a line using only a compass and a 
straightedge, 
you can use: 
• the construction of a line perpendicular to a 
given line through a point not on the line 
(Lesson 1-5), and 
• the construction of a segment congruent to a 
given segment (Lesson 1-2). 

 
TOOLS  Copy each figure and the given line of 
reflection. Then construct the reflected image. 

33.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at B 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from B to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
A and C. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

34.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at K 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from K to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
J and L. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
  
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

35. ARCHITECTURE Refer to the photo of the 
building on page 227.  
a. Identify the line of reflection.  
b. Identify the preimage/image pairs. Assume that 
architectural features on the left-hand side of the 
picture represent the preimages. 

SOLUTION:  

a. is the line of reflection because each point to
its left matches a point to its right.  
b. A and C, D and F,  and ,  and .  

ANSWER:  

a.  

b. A and C, D and F,  and ,  and .  

ALGEBRA Graph the line y  = 2x – 3 and its 
reflected image in the given line. What is the 
equation of the reflected image? 

36. x-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the x-axis, the x-intercept will 
be the same in the reflection. Use the y-intercept to 
find a second point on the reflected line. Since the y-
intercept is –3,  the y-intercept of the reflected line 
will be 3.  
  
Use (1.5, 0) and (0, 3) to write an equation for the 
reflected line.  
  

 
  

 
  

 

ANSWER:  

 

37. y-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y-axis, the y-intercept will 
be the same in the reflection. Use the x-intercept to 
find a second point on the reflected line. Since the x-
intercept is 1.5,  the x-intercept of the reflected line 
will be –1.5.  
  
Use (–1.5, 0) and (0, –3) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

38. y  = x 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y = x line, the x- and y-
coordinates are switched. Switch the coordinates for 
the intercepts.  The y-intercept is (0, –3), so x-
intercept of the reflected line would be (–3, 0). The 
x-intercept is (1.5, 0), so y-intercept of the reflected 
line would be (0, 1.5) 
  
Use (0, 1.5) and (–3, 0) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

39. Reflect  shown below in the line y  = 3x. 

 

SOLUTION:  
Each vertex and its image will be equidistant from y  
= 3x. To estimate the placement of the images of 
each vertex, first find the equation of the lines 
perpendicular to y  = 3x that pass through each 

vertex. Each of these lines will have the slope , 

which is the negative reciprocal of the slope in y  = 
3x. 
  
Vertex C(-3, 6) 

 
Graph this line. Use a ruler to find the distance 
between C(-3, 6) and the point of intersection with 
the line of reflection. Mark C' an equal distance 
along this line. 
  
Vertex D(-1, 1) 

 
Graph this line. Use a ruler to find the distance 
between D(-1, 1) and the point of intersection with 
the line of reflection. Mark D' an equal distance 
along this line. 
  
Vertex E(3, 5) 

 
Graph this line. Use a ruler to find the distance 
between E(3, 5) and the point of intersection with 
the line of reflection. Mark E' an equal distance 
along this line. 
Connect the vertices, C', D', and E' to form the 
reflected image. 

 
  

 

ANSWER:  

 

40. Relocate vertex C so that ABCDE is convex, and all 
sides remain the same length. 

 

SOLUTION:  
If you reflect vertex C over the BD line, the figure 
would become convex.  

 

ANSWER:  

 

ALGEBRA Graph the reflection of each 
function in the given line. Then write the 
equation of the reflected image. 

41. x-axis 

 

SOLUTION:  
To reflect a point in the x-axis, multiply its y -
coordinate by –1.  
  
To reflect   in the x-axis multiply by –
1.  

 

ANSWER:  

 

42. y-axis 

 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
To reflect  over the y -axis, multiply x 
by –1. The reflected equation will then be 

. 

  
  

 

Copy the figure and the given line of reflection. 
Then draw the reflected image in this line using
a ruler. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line a. 
Step 2: Measure the distance from point C to the 
line a. Then locate C' the same distance from line a 
on the opposite side.  
Step 3: Repeat Step 2 to locate points D' and F'. 
Then connect the vertices, C', D', and F' to form 
the reflected image.  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point Q to the 
line k. Then locate Q' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points R', S' and 
T'. Then connect the vertices, Q', R', S', and T' to 
form the reflected image.  

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point W to the 
line f . Then locate W' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect the vertices, W', X ', Y' and Z' to 
form the reflected image.  
  

 

ANSWER:  

 

4. SPORTING EVENTS Toru is waiting at a café for 
a friend to bring him a ticket to a sold-out sporting 
event. At what point P along the street should the 
friend try to stop his car to minimize the distance 
Toru will have to walk from the café, to the car, and 
then to the arena entrance? Draw a diagram. 

 

SOLUTION:  
 You are asked to locate a point P on line se such 
that cP + Pe has the least possible value. 
 
The total distance from s to P and then from P to e 
is least when these three points are collinear. Use 
the reflection of point c over the road to find the 
location for point P. 
  
 Draw c'e (or se).  

 
  
Locate P at the intersection of road and line se . 

 
  
Compare the sum cP + Pe for each case to verify 
that the location found for P minimizes this sum. 

ANSWER:  
Sample answer: 

 

Graph  and its image in the given line.

 
5. y  = –2 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line y  = –2. 
  
Vertex A is 3 units up from y  = –2, locate the point 
3 units down from y  = –2. A ' would be (1, –5). 
Vertex B is on the line y  = –2, so B' would be at the
same point (2, –2). 
Vertex C is 4 units up from y  = –2, locate the point 
4 units down from y  = –2. C' would be (7, –6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  
  

 

ANSWER:  

 

6. x = 3 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line x = 3. 
  
Vertex A is 2 units left from x = 3, locate the point 
2 units right from x = 3. A ' would be at (5, 1). 
Vertex B is 1 unit left from  x = 3, locate the point 1
unit right from x = 3. B' would be at (4, –2). 
Vertex C is 4 units right from x = 3, locate the point
4 units left from x = 3. C' would be at (–1, 2). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

Graph each figure and its image under the given
reflection. 

7.  with vertices X(0, 4), Y(–3, 4), and Z(–4, –1) 
in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 
X(0, 4) → X'(0, 4) 
Y(–3, 4) → Y'(3, 4) 
Z(–4, –1) →Z'(4, –1) 
  
Plot the points. Then connect the vertices, X ', Y', 
and Z' to form the reflected image. 
  

 

ANSWER:  

 

8.  QRST with vertices Q(–1, 4), R(4, 4), S(3, 1), and
T(–2, 1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

Q(–1, 4) → Q'(–1, –4) 

R(4, 4) → R'(4, –4) 

S(3, 1) →S'(3, –1) 

T(–2, 1) →T'(–2, –1) 
  
Plot the points. Then connect the vertices, Q', R', S',
and T' to form the reflected image. 
  

 

ANSWER:  

 

9. Given quadrilaterals J(–3, 1), K(–1, 3), L(1, 3), and M
(–3, –1) and its image J'(1, –3), K'(3, –1), L'(3, 1), 
and M'(–1, –3), describe the transformation using 
coordinate notation.  

SOLUTION:  
Plot the points for the preimage and the image. 
  

 
The transformation sends each vertex as follows.
  
J(–3, 1) →  J'(1, –3) 

K(–1, 3) →  K'(3, –1) 

L(1, 3) → L'(3, 1) 

M(–3, –1)  → M'(–1, –3) 
  
That means that (x, y ) → (y , x). 
  
This is the result of a reflection over the y = x .  

ANSWER:  
(x, y ) → (y , x); reflection in the y = x .  

TOOLS Copy the figure and the given line of 
reflection. Then draw the reflected image in this
line using a ruler. 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point X  to the 
line k. Then locate X ' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect the vertices, X ', Y', and Z' to form the 
reflected image.  

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line s. 
Step 2: Measure the distance from point J to the 
line s. Then locate J' the same distance from line s 
on the opposite side.  
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect the vertices J', K', L', and M' to 
form the reflected image.  

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line c. 
Step 2: Measure the distance from point E to the 
line c. Then locate E' the same distance from line c 
on the opposite side.  
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect the vertices, E', F', G' and H' to 
form the reflected image.  

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line t. 
Step 2: Measure the distance from point A  to the 
line t. Then locate A ' the same distance from line t 
on the opposite side.  
Step 3: Repeat Step 2 to locate points B', C' and 
D'. Then connect the vertices, A ', B', C' and D' to 
form the reflected image.  

 

ANSWER:  

 

14.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line w. 
Step 2: Measure the distance from point P to the 
line w. Then locate P' the same distance from line w
on the opposite side.  
Step 3: Repeat Step 2 to locate points Q', R', S', 
T,' and U'. Then connect the vertices P', Q', R', S', 
T', and U' to form the reflected image.  

 

ANSWER:  

 

15.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point V to the 
line f . Then locate V' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect the vertices, V', W', X ', Y' and
Z' to form the reflected image.  

 

ANSWER:  

 

SPORTS When a ball is rolled or struck without
spin against a wall, it bounces off the wall and 
travels in a ray that is the reflected image of the
path of the ball if it had gone straight through 
the wall. Use this information in Exercises 16 
and 17. 

 
16. BILLIARDS Tadeo is playing billiards. He wants to

strike the eight ball with the cue ball so that the eight 
ball bounces off the rail and rolls into the indicated 
pocket. If the eight ball moves with no spin, draw a 
diagram showing the exact point P along the right rail
where the eight ball should hit after being struck by 
the cue ball. 

 

SOLUTION:  
We want to determine where the 8 ball should hit the
rail so that it goes into the side pocket. To do this, we
will need to locate a point P on the rail of the table 
such that P is collinear with the side pocket and the 
reflection of the 8 ball.  
  
Step 1: Locate the reflection of the 8 ball. The rail 
(red line) is equidistant from the 8 ball and the 
reflection. 

 
Step 2: Draw a line from the side pocket to the 
reflection. We now know the line along which the 8 
ball should travel in order to go into the side pocket. 

 
The intersection of the red and blue lines is the 
location of point P. The distance from P to the 8 ball 
and from P to the reflection are equal. 

 

ANSWER:  

 

17. INDOOR SOCCER Abby is playing indoor soccer,
and she wants to hit the ball to point C, but must 
avoid an opposing player at point B. She decides to 
hit the ball at point A so that it bounces off the side 
wall. Draw a diagram that shows the exact point 
along the top wall for which Abby should aim. 

 

SOLUTION:  
You are asked to locate a point P on line k such 
that cP + A'P  has the least possible value. 
 
The total distance from c to P and then from A ' to P
is least when these three points are collinear. Use 
the reflection of point A  in line k to find the location 
for point P. 
  
Draw A 'c . Locate P at the intersection of line k and
line A 'c. 
  
Compare the sum cP + A'P  for each case to verify 
that the location found for P minimizes this sum 

 

ANSWER:  

 

Graph each figure and its image in the given 
line. 

 

 

 
18.  y  = 3 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line y  =
3. 
  
Draw y  = 3. 
  
Vertex A is 5 units up from y  = 3, locate the point 5
units down from y  = 3. A ' would be (–5, –2). 
Vertex B is 2 units up from the y  = 3,  locate the 
point 2 units down from y  = 3. B' would be (–1, 1). 
Vertex C is 3 units down from y  = 3, locate the 
point 3 units up from y  = 3. C' would be (–4, 6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

19.  x = –1 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line x =
–1. 
  
Draw x = –1. 
  
Vertex A is 4 units left from x = –1, locate the point
4 units right from x = –1. A ' would be (3, 8). 
Vertex B is on the line x = –1,  so B' would be (–1, 
5). 
Vertex C is 3 units left from x = –1, locate the point
3 units right from x = –1. C' would be (2, 0). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

20. JKLM; x = 1 

SOLUTION:  
J is (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line x = 1. 
  
Draw the line x = 1. 
  
Vertex J is at 2 units right from x = 1, locate the 
point 2 units left from x = 1. J' would be (–1, 8). 
Vertex K is 5 units right from x = 1, locate the point
5 units left from x = 1. K' would be (–4, 8). 
Vertex L is 5 units right from x = 1, locate the point 
5 units left from x = 1. L' would be (–4, 5). 
Vertex M is on x = 1, so M' would be (1, 2). 
  
Then connect the vertices, J', K', L', and M' to form
the reflected image. 

 

ANSWER:  

 

21. JKLM; y  = 4 

SOLUTION:  
J is at (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line y  = 4. 
  
Draw the line y  = 4. 
  
Vertex J is 4 units up from y  = 4, locate the point 4 
units down from y  = 4. J' would be (3, 0). 
Vertex K is 4 units up from y  = 4, locate the point 4
units down from y  = 4. K' would be (6, 0). 
Vertex L is 1 unit up from y  = 4, locate the point 1 
unit down from y  = 4. L' would be (6, 3). 
Vertex M is 2 units down from y  = 4, locate the 
point 2 units up from y  = 4. M' would be (1, 6). 
  
Then connect the vertices J', K', L', and M' to form 
the reflected image. 

 

ANSWER:  

 

22. WXYZ; y  = –4 

SOLUTION:  
W is at (–2, –2), X  is at (6, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line y  = –4. 
  
Draw the line y  = –4. 
  
Vertex W is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. W' would be (–2, –6). 
Vertex X is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. X ' would be (6, –6). 
Vertex Y is 1 unit down from y  = –4, locate the 
point 1 unit up from y  = –4. Y' would be (4, –3). 
Vertex Z is 3 units down from y  = –4, locate the 
point 3 units up from y  = –4. Z' would be (0, –1). 
  
Then connect the vertices W', X ', Y', and Z' to form 
the reflected image. 
  

 

ANSWER:  

 

23. WXYZ; x = –2 

SOLUTION:  
W is at (–2, –2), X  is at (5, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line x = –2. 
  
Draw the line x = –2. 
  
Vertex W is on x = –2, so W' would be (–2, –2). 
Vertex X is 7 units right from x = –2, locate the 
point 7 units left from x = –2. X ' would be (–9, –2).
Vertex Y is 6 units right from x = –2, locate the 
point 6 units left from x = –2. Y' would be (–8, –5). 
Vertex Z is 2 units right from x = –2, locate the 
point 2 units left from x = –2. Z' would be (–4, –7).
  
Then connect the vertices, W', X ', Y', and Z' to form
the reflected image. 
  

 

ANSWER:  

 

STRUCTURE  Graph each figure and its image 
under the given reflection. 

24. rectangle ABCD with vertices A(–5, 2), B(1, 2), C(1, 
–1), and D(–5, –1) in the line y  = –2 

SOLUTION:  
To reflect over the line  y  = –2, subtract from the y -
coordinate the distance from the y  = –2 line.  
  
(x, y ) → (x, y – distance from y = –2 ) 

A(–5, 2) → Distance: +4, A'(–5, –6) 

B(1, 2) → Distance: +4, B'(1, –6) 

C(1, –1) → Distance: +1, C'(1, –3), 

D(–5, –1) →Distance: +1, D'(–5, –3) 
  
Plot the points. Then connect the vertices, A ', B', 
C', and D' to form the reflected image. 

 

ANSWER:  

 

25. square JKLM  with vertices J(–4, 6), K(0, 6), L(0, 2),
and M (–4, 2) in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 

J(–4, 6) → J'(4, 6) 

K(0, 6), → K'(0, 6) 

L(0, 2) → L'(0, 2) 

M(–4, 2)  → M'(4, 2) 
  
Plot the points. Then connect the vertices, J, K', 
L',and M' to form the reflected image. 

 

ANSWER:  

 

26.  with vertices F(–3, 2), G(–4, –1), and H(–6, 
–1) in the line y  = x 

SOLUTION:  
To reflect over line y  = x, interchange the x- and  y -
coordinates.  
  
(x, y ) → (y, x)  

 F(–3, 2), →   F'(2, –3) 

G(–4, –1) → G'(–1, –4) 

H(–6, –1) → H'(–1, –6) 
  
Plot the points. Then connect the vertices, F', G', 
and H' to form the reflected image. 
  

 

ANSWER:  

 

27.  with vertices W(2, 3), X(7, 3), Y(6, –1), and 

Z(1, –1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

W(2, 3) →  W'(2, –3) 

X(7, 3) → X'(7, –3), 

Y(6, –1) → Y'(6, 1) 

Z(1, –1) →  Z'(1, 1) 
  
Plot the points. Then connect the vertices, W', X ', 
Y',and Z' to form the reflected image. 
  

 

ANSWER:  

 

Given each figure and image, describe the 
transformation using coordinate notation. 

28. P(–1, 4), Q(2, 4), R(1, –1), and S(–1, –1) and P'(1, 
4), Q'(–2, 4), R'(–1, –1), and S'(1, –1)  

SOLUTION:  
Plot the points for the figure and its image.  

 
Compare the coordinates. 
  
P(–1, 4) →  P'(1, 4) 

Q(2, 4) → Q'(–2, 4) 

R(1, –1) → R'(–1, –1) 

S(–1, –1) →  S'(1, –1) 

To get from the figure to its image each (x, y ) → (–
x, y ). 
This means a reflection in the y -axis.  

ANSWER:  
(x, y ) → (–x, y ); reflection in the y -axis 

29. S(–3, –2), T(–2, 3), and U(2, 2) and S'(–2, –3), T'(3, 
–2), and U'(2, 2) 

SOLUTION:  
Plot the points for the figure and its image.  
  

 
  
Compare the coordinates. 
  
S(–3, –2) → S'(–2 –3) 

T(–2, 3) → T'(3, –2) 

U(2, 2) → U'(2, 2) 
Each vertex is transformed by (x, y ) → (y , x). 
This is a reflection in the line y  = x, interchange the 
x- and  y -coordinates.  

ANSWER:  
(x, y ) → (y , x); reflection in the line y  = x 

Each figure shows a preimage and its reflected 
image in some line. Copy each figure and draw 
the line of reflection. 

30.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

31.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  

 

ANSWER:  

 

32.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

CONSTRUCTION To construct the reflection 
of a figure in a line using only a compass and a 
straightedge, 
you can use: 
• the construction of a line perpendicular to a 
given line through a point not on the line 
(Lesson 1-5), and 
• the construction of a segment congruent to a 
given segment (Lesson 1-2). 

 
TOOLS  Copy each figure and the given line of 
reflection. Then construct the reflected image. 

33.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at B 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from B to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
A and C. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

34.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at K 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from K to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
J and L. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
  
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

35. ARCHITECTURE Refer to the photo of the 
building on page 227.  
a. Identify the line of reflection.  
b. Identify the preimage/image pairs. Assume that 
architectural features on the left-hand side of the 
picture represent the preimages. 

SOLUTION:  

a. is the line of reflection because each point to
its left matches a point to its right.  
b. A and C, D and F,  and ,  and .  

ANSWER:  

a.  

b. A and C, D and F,  and ,  and .  

ALGEBRA Graph the line y  = 2x – 3 and its 
reflected image in the given line. What is the 
equation of the reflected image? 

36. x-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the x-axis, the x-intercept will 
be the same in the reflection. Use the y-intercept to 
find a second point on the reflected line. Since the y-
intercept is –3,  the y-intercept of the reflected line 
will be 3.  
  
Use (1.5, 0) and (0, 3) to write an equation for the 
reflected line.  
  

 
  

 
  

 

ANSWER:  

 

37. y-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y-axis, the y-intercept will 
be the same in the reflection. Use the x-intercept to 
find a second point on the reflected line. Since the x-
intercept is 1.5,  the x-intercept of the reflected line 
will be –1.5.  
  
Use (–1.5, 0) and (0, –3) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

38. y  = x 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y = x line, the x- and y-
coordinates are switched. Switch the coordinates for 
the intercepts.  The y-intercept is (0, –3), so x-
intercept of the reflected line would be (–3, 0). The 
x-intercept is (1.5, 0), so y-intercept of the reflected 
line would be (0, 1.5) 
  
Use (0, 1.5) and (–3, 0) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

39. Reflect  shown below in the line y  = 3x. 

 

SOLUTION:  
Each vertex and its image will be equidistant from y  
= 3x. To estimate the placement of the images of 
each vertex, first find the equation of the lines 
perpendicular to y  = 3x that pass through each 

vertex. Each of these lines will have the slope , 

which is the negative reciprocal of the slope in y  = 
3x. 
  
Vertex C(-3, 6) 

 
Graph this line. Use a ruler to find the distance 
between C(-3, 6) and the point of intersection with 
the line of reflection. Mark C' an equal distance 
along this line. 
  
Vertex D(-1, 1) 

 
Graph this line. Use a ruler to find the distance 
between D(-1, 1) and the point of intersection with 
the line of reflection. Mark D' an equal distance 
along this line. 
  
Vertex E(3, 5) 

 
Graph this line. Use a ruler to find the distance 
between E(3, 5) and the point of intersection with 
the line of reflection. Mark E' an equal distance 
along this line. 
Connect the vertices, C', D', and E' to form the 
reflected image. 

 
  

 

ANSWER:  

 

40. Relocate vertex C so that ABCDE is convex, and all 
sides remain the same length. 

 

SOLUTION:  
If you reflect vertex C over the BD line, the figure 
would become convex.  

 

ANSWER:  

 

ALGEBRA Graph the reflection of each 
function in the given line. Then write the 
equation of the reflected image. 

41. x-axis 

 

SOLUTION:  
To reflect a point in the x-axis, multiply its y -
coordinate by –1.  
  
To reflect   in the x-axis multiply by –
1.  

 

ANSWER:  

 

42. y-axis 

 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
To reflect  over the y -axis, multiply x 
by –1. The reflected equation will then be 

. 
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Copy the figure and the given line of reflection. 
Then draw the reflected image in this line using
a ruler. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line a. 
Step 2: Measure the distance from point C to the 
line a. Then locate C' the same distance from line a 
on the opposite side.  
Step 3: Repeat Step 2 to locate points D' and F'. 
Then connect the vertices, C', D', and F' to form 
the reflected image.  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point Q to the 
line k. Then locate Q' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points R', S' and 
T'. Then connect the vertices, Q', R', S', and T' to 
form the reflected image.  

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point W to the 
line f . Then locate W' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect the vertices, W', X ', Y' and Z' to 
form the reflected image.  
  

 

ANSWER:  

 

4. SPORTING EVENTS Toru is waiting at a café for 
a friend to bring him a ticket to a sold-out sporting 
event. At what point P along the street should the 
friend try to stop his car to minimize the distance 
Toru will have to walk from the café, to the car, and 
then to the arena entrance? Draw a diagram. 

 

SOLUTION:  
 You are asked to locate a point P on line se such 
that cP + Pe has the least possible value. 
 
The total distance from s to P and then from P to e 
is least when these three points are collinear. Use 
the reflection of point c over the road to find the 
location for point P. 
  
 Draw c'e (or se).  

 
  
Locate P at the intersection of road and line se . 

 
  
Compare the sum cP + Pe for each case to verify 
that the location found for P minimizes this sum. 

ANSWER:  
Sample answer: 

 

Graph  and its image in the given line.

 
5. y  = –2 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line y  = –2. 
  
Vertex A is 3 units up from y  = –2, locate the point 
3 units down from y  = –2. A ' would be (1, –5). 
Vertex B is on the line y  = –2, so B' would be at the
same point (2, –2). 
Vertex C is 4 units up from y  = –2, locate the point 
4 units down from y  = –2. C' would be (7, –6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  
  

 

ANSWER:  

 

6. x = 3 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line x = 3. 
  
Vertex A is 2 units left from x = 3, locate the point 
2 units right from x = 3. A ' would be at (5, 1). 
Vertex B is 1 unit left from  x = 3, locate the point 1
unit right from x = 3. B' would be at (4, –2). 
Vertex C is 4 units right from x = 3, locate the point
4 units left from x = 3. C' would be at (–1, 2). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

Graph each figure and its image under the given
reflection. 

7.  with vertices X(0, 4), Y(–3, 4), and Z(–4, –1) 
in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 
X(0, 4) → X'(0, 4) 
Y(–3, 4) → Y'(3, 4) 
Z(–4, –1) →Z'(4, –1) 
  
Plot the points. Then connect the vertices, X ', Y', 
and Z' to form the reflected image. 
  

 

ANSWER:  

 

8.  QRST with vertices Q(–1, 4), R(4, 4), S(3, 1), and
T(–2, 1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

Q(–1, 4) → Q'(–1, –4) 

R(4, 4) → R'(4, –4) 

S(3, 1) →S'(3, –1) 

T(–2, 1) →T'(–2, –1) 
  
Plot the points. Then connect the vertices, Q', R', S',
and T' to form the reflected image. 
  

 

ANSWER:  

 

9. Given quadrilaterals J(–3, 1), K(–1, 3), L(1, 3), and M
(–3, –1) and its image J'(1, –3), K'(3, –1), L'(3, 1), 
and M'(–1, –3), describe the transformation using 
coordinate notation.  

SOLUTION:  
Plot the points for the preimage and the image. 
  

 
The transformation sends each vertex as follows.
  
J(–3, 1) →  J'(1, –3) 

K(–1, 3) →  K'(3, –1) 

L(1, 3) → L'(3, 1) 

M(–3, –1)  → M'(–1, –3) 
  
That means that (x, y ) → (y , x). 
  
This is the result of a reflection over the y = x .  

ANSWER:  
(x, y ) → (y , x); reflection in the y = x .  

TOOLS Copy the figure and the given line of 
reflection. Then draw the reflected image in this
line using a ruler. 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point X  to the 
line k. Then locate X ' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect the vertices, X ', Y', and Z' to form the 
reflected image.  

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line s. 
Step 2: Measure the distance from point J to the 
line s. Then locate J' the same distance from line s 
on the opposite side.  
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect the vertices J', K', L', and M' to 
form the reflected image.  

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line c. 
Step 2: Measure the distance from point E to the 
line c. Then locate E' the same distance from line c 
on the opposite side.  
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect the vertices, E', F', G' and H' to 
form the reflected image.  

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line t. 
Step 2: Measure the distance from point A  to the 
line t. Then locate A ' the same distance from line t 
on the opposite side.  
Step 3: Repeat Step 2 to locate points B', C' and 
D'. Then connect the vertices, A ', B', C' and D' to 
form the reflected image.  

 

ANSWER:  

 

14.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line w. 
Step 2: Measure the distance from point P to the 
line w. Then locate P' the same distance from line w
on the opposite side.  
Step 3: Repeat Step 2 to locate points Q', R', S', 
T,' and U'. Then connect the vertices P', Q', R', S', 
T', and U' to form the reflected image.  

 

ANSWER:  

 

15.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point V to the 
line f . Then locate V' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect the vertices, V', W', X ', Y' and
Z' to form the reflected image.  

 

ANSWER:  

 

SPORTS When a ball is rolled or struck without
spin against a wall, it bounces off the wall and 
travels in a ray that is the reflected image of the
path of the ball if it had gone straight through 
the wall. Use this information in Exercises 16 
and 17. 

 
16. BILLIARDS Tadeo is playing billiards. He wants to

strike the eight ball with the cue ball so that the eight 
ball bounces off the rail and rolls into the indicated 
pocket. If the eight ball moves with no spin, draw a 
diagram showing the exact point P along the right rail
where the eight ball should hit after being struck by 
the cue ball. 

 

SOLUTION:  
We want to determine where the 8 ball should hit the
rail so that it goes into the side pocket. To do this, we
will need to locate a point P on the rail of the table 
such that P is collinear with the side pocket and the 
reflection of the 8 ball.  
  
Step 1: Locate the reflection of the 8 ball. The rail 
(red line) is equidistant from the 8 ball and the 
reflection. 

 
Step 2: Draw a line from the side pocket to the 
reflection. We now know the line along which the 8 
ball should travel in order to go into the side pocket. 

 
The intersection of the red and blue lines is the 
location of point P. The distance from P to the 8 ball 
and from P to the reflection are equal. 

 

ANSWER:  

 

17. INDOOR SOCCER Abby is playing indoor soccer,
and she wants to hit the ball to point C, but must 
avoid an opposing player at point B. She decides to 
hit the ball at point A so that it bounces off the side 
wall. Draw a diagram that shows the exact point 
along the top wall for which Abby should aim. 

 

SOLUTION:  
You are asked to locate a point P on line k such 
that cP + A'P  has the least possible value. 
 
The total distance from c to P and then from A ' to P
is least when these three points are collinear. Use 
the reflection of point A  in line k to find the location 
for point P. 
  
Draw A 'c . Locate P at the intersection of line k and
line A 'c. 
  
Compare the sum cP + A'P  for each case to verify 
that the location found for P minimizes this sum 

 

ANSWER:  

 

Graph each figure and its image in the given 
line. 

 

 

 
18.  y  = 3 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line y  =
3. 
  
Draw y  = 3. 
  
Vertex A is 5 units up from y  = 3, locate the point 5
units down from y  = 3. A ' would be (–5, –2). 
Vertex B is 2 units up from the y  = 3,  locate the 
point 2 units down from y  = 3. B' would be (–1, 1). 
Vertex C is 3 units down from y  = 3, locate the 
point 3 units up from y  = 3. C' would be (–4, 6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

19.  x = –1 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line x =
–1. 
  
Draw x = –1. 
  
Vertex A is 4 units left from x = –1, locate the point
4 units right from x = –1. A ' would be (3, 8). 
Vertex B is on the line x = –1,  so B' would be (–1, 
5). 
Vertex C is 3 units left from x = –1, locate the point
3 units right from x = –1. C' would be (2, 0). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

20. JKLM; x = 1 

SOLUTION:  
J is (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line x = 1. 
  
Draw the line x = 1. 
  
Vertex J is at 2 units right from x = 1, locate the 
point 2 units left from x = 1. J' would be (–1, 8). 
Vertex K is 5 units right from x = 1, locate the point
5 units left from x = 1. K' would be (–4, 8). 
Vertex L is 5 units right from x = 1, locate the point 
5 units left from x = 1. L' would be (–4, 5). 
Vertex M is on x = 1, so M' would be (1, 2). 
  
Then connect the vertices, J', K', L', and M' to form
the reflected image. 

 

ANSWER:  

 

21. JKLM; y  = 4 

SOLUTION:  
J is at (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line y  = 4. 
  
Draw the line y  = 4. 
  
Vertex J is 4 units up from y  = 4, locate the point 4 
units down from y  = 4. J' would be (3, 0). 
Vertex K is 4 units up from y  = 4, locate the point 4
units down from y  = 4. K' would be (6, 0). 
Vertex L is 1 unit up from y  = 4, locate the point 1 
unit down from y  = 4. L' would be (6, 3). 
Vertex M is 2 units down from y  = 4, locate the 
point 2 units up from y  = 4. M' would be (1, 6). 
  
Then connect the vertices J', K', L', and M' to form 
the reflected image. 

 

ANSWER:  

 

22. WXYZ; y  = –4 

SOLUTION:  
W is at (–2, –2), X  is at (6, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line y  = –4. 
  
Draw the line y  = –4. 
  
Vertex W is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. W' would be (–2, –6). 
Vertex X is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. X ' would be (6, –6). 
Vertex Y is 1 unit down from y  = –4, locate the 
point 1 unit up from y  = –4. Y' would be (4, –3). 
Vertex Z is 3 units down from y  = –4, locate the 
point 3 units up from y  = –4. Z' would be (0, –1). 
  
Then connect the vertices W', X ', Y', and Z' to form 
the reflected image. 
  

 

ANSWER:  

 

23. WXYZ; x = –2 

SOLUTION:  
W is at (–2, –2), X  is at (5, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line x = –2. 
  
Draw the line x = –2. 
  
Vertex W is on x = –2, so W' would be (–2, –2). 
Vertex X is 7 units right from x = –2, locate the 
point 7 units left from x = –2. X ' would be (–9, –2).
Vertex Y is 6 units right from x = –2, locate the 
point 6 units left from x = –2. Y' would be (–8, –5). 
Vertex Z is 2 units right from x = –2, locate the 
point 2 units left from x = –2. Z' would be (–4, –7).
  
Then connect the vertices, W', X ', Y', and Z' to form
the reflected image. 
  

 

ANSWER:  

 

STRUCTURE  Graph each figure and its image 
under the given reflection. 

24. rectangle ABCD with vertices A(–5, 2), B(1, 2), C(1, 
–1), and D(–5, –1) in the line y  = –2 

SOLUTION:  
To reflect over the line  y  = –2, subtract from the y -
coordinate the distance from the y  = –2 line.  
  
(x, y ) → (x, y – distance from y = –2 ) 

A(–5, 2) → Distance: +4, A'(–5, –6) 

B(1, 2) → Distance: +4, B'(1, –6) 

C(1, –1) → Distance: +1, C'(1, –3), 

D(–5, –1) →Distance: +1, D'(–5, –3) 
  
Plot the points. Then connect the vertices, A ', B', 
C', and D' to form the reflected image. 

 

ANSWER:  

 

25. square JKLM  with vertices J(–4, 6), K(0, 6), L(0, 2),
and M (–4, 2) in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 

J(–4, 6) → J'(4, 6) 

K(0, 6), → K'(0, 6) 

L(0, 2) → L'(0, 2) 

M(–4, 2)  → M'(4, 2) 
  
Plot the points. Then connect the vertices, J, K', 
L',and M' to form the reflected image. 

 

ANSWER:  

 

26.  with vertices F(–3, 2), G(–4, –1), and H(–6, 
–1) in the line y  = x 

SOLUTION:  
To reflect over line y  = x, interchange the x- and  y -
coordinates.  
  
(x, y ) → (y, x)  

 F(–3, 2), →   F'(2, –3) 

G(–4, –1) → G'(–1, –4) 

H(–6, –1) → H'(–1, –6) 
  
Plot the points. Then connect the vertices, F', G', 
and H' to form the reflected image. 
  

 

ANSWER:  

 

27.  with vertices W(2, 3), X(7, 3), Y(6, –1), and 

Z(1, –1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

W(2, 3) →  W'(2, –3) 

X(7, 3) → X'(7, –3), 

Y(6, –1) → Y'(6, 1) 

Z(1, –1) →  Z'(1, 1) 
  
Plot the points. Then connect the vertices, W', X ', 
Y',and Z' to form the reflected image. 
  

 

ANSWER:  

 

Given each figure and image, describe the 
transformation using coordinate notation. 

28. P(–1, 4), Q(2, 4), R(1, –1), and S(–1, –1) and P'(1, 
4), Q'(–2, 4), R'(–1, –1), and S'(1, –1)  

SOLUTION:  
Plot the points for the figure and its image.  

 
Compare the coordinates. 
  
P(–1, 4) →  P'(1, 4) 

Q(2, 4) → Q'(–2, 4) 

R(1, –1) → R'(–1, –1) 

S(–1, –1) →  S'(1, –1) 

To get from the figure to its image each (x, y ) → (–
x, y ). 
This means a reflection in the y -axis.  

ANSWER:  
(x, y ) → (–x, y ); reflection in the y -axis 

29. S(–3, –2), T(–2, 3), and U(2, 2) and S'(–2, –3), T'(3, 
–2), and U'(2, 2) 

SOLUTION:  
Plot the points for the figure and its image.  
  

 
  
Compare the coordinates. 
  
S(–3, –2) → S'(–2 –3) 

T(–2, 3) → T'(3, –2) 

U(2, 2) → U'(2, 2) 
Each vertex is transformed by (x, y ) → (y , x). 
This is a reflection in the line y  = x, interchange the 
x- and  y -coordinates.  

ANSWER:  
(x, y ) → (y , x); reflection in the line y  = x 

Each figure shows a preimage and its reflected 
image in some line. Copy each figure and draw 
the line of reflection. 

30.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

31.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  

 

ANSWER:  

 

32.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

CONSTRUCTION To construct the reflection 
of a figure in a line using only a compass and a 
straightedge, 
you can use: 
• the construction of a line perpendicular to a 
given line through a point not on the line 
(Lesson 1-5), and 
• the construction of a segment congruent to a 
given segment (Lesson 1-2). 

 
TOOLS  Copy each figure and the given line of 
reflection. Then construct the reflected image. 

33.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at B 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from B to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
A and C. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

34.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at K 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from K to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
J and L. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
  
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

35. ARCHITECTURE Refer to the photo of the 
building on page 227.  
a. Identify the line of reflection.  
b. Identify the preimage/image pairs. Assume that 
architectural features on the left-hand side of the 
picture represent the preimages. 

SOLUTION:  

a. is the line of reflection because each point to
its left matches a point to its right.  
b. A and C, D and F,  and ,  and .  

ANSWER:  

a.  

b. A and C, D and F,  and ,  and .  

ALGEBRA Graph the line y  = 2x – 3 and its 
reflected image in the given line. What is the 
equation of the reflected image? 

36. x-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the x-axis, the x-intercept will 
be the same in the reflection. Use the y-intercept to 
find a second point on the reflected line. Since the y-
intercept is –3,  the y-intercept of the reflected line 
will be 3.  
  
Use (1.5, 0) and (0, 3) to write an equation for the 
reflected line.  
  

 
  

 
  

 

ANSWER:  

 

37. y-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y-axis, the y-intercept will 
be the same in the reflection. Use the x-intercept to 
find a second point on the reflected line. Since the x-
intercept is 1.5,  the x-intercept of the reflected line 
will be –1.5.  
  
Use (–1.5, 0) and (0, –3) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

38. y  = x 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y = x line, the x- and y-
coordinates are switched. Switch the coordinates for 
the intercepts.  The y-intercept is (0, –3), so x-
intercept of the reflected line would be (–3, 0). The 
x-intercept is (1.5, 0), so y-intercept of the reflected 
line would be (0, 1.5) 
  
Use (0, 1.5) and (–3, 0) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

39. Reflect  shown below in the line y  = 3x. 

 

SOLUTION:  
Each vertex and its image will be equidistant from y  
= 3x. To estimate the placement of the images of 
each vertex, first find the equation of the lines 
perpendicular to y  = 3x that pass through each 

vertex. Each of these lines will have the slope , 

which is the negative reciprocal of the slope in y  = 
3x. 
  
Vertex C(-3, 6) 

 
Graph this line. Use a ruler to find the distance 
between C(-3, 6) and the point of intersection with 
the line of reflection. Mark C' an equal distance 
along this line. 
  
Vertex D(-1, 1) 

 
Graph this line. Use a ruler to find the distance 
between D(-1, 1) and the point of intersection with 
the line of reflection. Mark D' an equal distance 
along this line. 
  
Vertex E(3, 5) 

 
Graph this line. Use a ruler to find the distance 
between E(3, 5) and the point of intersection with 
the line of reflection. Mark E' an equal distance 
along this line. 
Connect the vertices, C', D', and E' to form the 
reflected image. 

 
  

 

ANSWER:  

 

40. Relocate vertex C so that ABCDE is convex, and all 
sides remain the same length. 

 

SOLUTION:  
If you reflect vertex C over the BD line, the figure 
would become convex.  

 

ANSWER:  

 

ALGEBRA Graph the reflection of each 
function in the given line. Then write the 
equation of the reflected image. 

41. x-axis 

 

SOLUTION:  
To reflect a point in the x-axis, multiply its y -
coordinate by –1.  
  
To reflect   in the x-axis multiply by –
1.  

 

ANSWER:  

 

42. y-axis 

 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
To reflect  over the y -axis, multiply x 
by –1. The reflected equation will then be 

. 

  
  

 

Copy the figure and the given line of reflection. 
Then draw the reflected image in this line using
a ruler. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line a. 
Step 2: Measure the distance from point C to the 
line a. Then locate C' the same distance from line a 
on the opposite side.  
Step 3: Repeat Step 2 to locate points D' and F'. 
Then connect the vertices, C', D', and F' to form 
the reflected image.  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point Q to the 
line k. Then locate Q' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points R', S' and 
T'. Then connect the vertices, Q', R', S', and T' to 
form the reflected image.  

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point W to the 
line f . Then locate W' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect the vertices, W', X ', Y' and Z' to 
form the reflected image.  
  

 

ANSWER:  

 

4. SPORTING EVENTS Toru is waiting at a café for 
a friend to bring him a ticket to a sold-out sporting 
event. At what point P along the street should the 
friend try to stop his car to minimize the distance 
Toru will have to walk from the café, to the car, and 
then to the arena entrance? Draw a diagram. 

 

SOLUTION:  
 You are asked to locate a point P on line se such 
that cP + Pe has the least possible value. 
 
The total distance from s to P and then from P to e 
is least when these three points are collinear. Use 
the reflection of point c over the road to find the 
location for point P. 
  
 Draw c'e (or se).  

 
  
Locate P at the intersection of road and line se . 

 
  
Compare the sum cP + Pe for each case to verify 
that the location found for P minimizes this sum. 

ANSWER:  
Sample answer: 

 

Graph  and its image in the given line.

 
5. y  = –2 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line y  = –2. 
  
Vertex A is 3 units up from y  = –2, locate the point 
3 units down from y  = –2. A ' would be (1, –5). 
Vertex B is on the line y  = –2, so B' would be at the
same point (2, –2). 
Vertex C is 4 units up from y  = –2, locate the point 
4 units down from y  = –2. C' would be (7, –6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  
  

 

ANSWER:  

 

6. x = 3 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line x = 3. 
  
Vertex A is 2 units left from x = 3, locate the point 
2 units right from x = 3. A ' would be at (5, 1). 
Vertex B is 1 unit left from  x = 3, locate the point 1
unit right from x = 3. B' would be at (4, –2). 
Vertex C is 4 units right from x = 3, locate the point
4 units left from x = 3. C' would be at (–1, 2). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

Graph each figure and its image under the given
reflection. 

7.  with vertices X(0, 4), Y(–3, 4), and Z(–4, –1) 
in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 
X(0, 4) → X'(0, 4) 
Y(–3, 4) → Y'(3, 4) 
Z(–4, –1) →Z'(4, –1) 
  
Plot the points. Then connect the vertices, X ', Y', 
and Z' to form the reflected image. 
  

 

ANSWER:  

 

8.  QRST with vertices Q(–1, 4), R(4, 4), S(3, 1), and
T(–2, 1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

Q(–1, 4) → Q'(–1, –4) 

R(4, 4) → R'(4, –4) 

S(3, 1) →S'(3, –1) 

T(–2, 1) →T'(–2, –1) 
  
Plot the points. Then connect the vertices, Q', R', S',
and T' to form the reflected image. 
  

 

ANSWER:  

 

9. Given quadrilaterals J(–3, 1), K(–1, 3), L(1, 3), and M
(–3, –1) and its image J'(1, –3), K'(3, –1), L'(3, 1), 
and M'(–1, –3), describe the transformation using 
coordinate notation.  

SOLUTION:  
Plot the points for the preimage and the image. 
  

 
The transformation sends each vertex as follows.
  
J(–3, 1) →  J'(1, –3) 

K(–1, 3) →  K'(3, –1) 

L(1, 3) → L'(3, 1) 

M(–3, –1)  → M'(–1, –3) 
  
That means that (x, y ) → (y , x). 
  
This is the result of a reflection over the y = x .  

ANSWER:  
(x, y ) → (y , x); reflection in the y = x .  

TOOLS Copy the figure and the given line of 
reflection. Then draw the reflected image in this
line using a ruler. 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point X  to the 
line k. Then locate X ' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect the vertices, X ', Y', and Z' to form the 
reflected image.  

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line s. 
Step 2: Measure the distance from point J to the 
line s. Then locate J' the same distance from line s 
on the opposite side.  
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect the vertices J', K', L', and M' to 
form the reflected image.  

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line c. 
Step 2: Measure the distance from point E to the 
line c. Then locate E' the same distance from line c 
on the opposite side.  
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect the vertices, E', F', G' and H' to 
form the reflected image.  

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line t. 
Step 2: Measure the distance from point A  to the 
line t. Then locate A ' the same distance from line t 
on the opposite side.  
Step 3: Repeat Step 2 to locate points B', C' and 
D'. Then connect the vertices, A ', B', C' and D' to 
form the reflected image.  

 

ANSWER:  

 

14.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line w. 
Step 2: Measure the distance from point P to the 
line w. Then locate P' the same distance from line w
on the opposite side.  
Step 3: Repeat Step 2 to locate points Q', R', S', 
T,' and U'. Then connect the vertices P', Q', R', S', 
T', and U' to form the reflected image.  

 

ANSWER:  

 

15.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point V to the 
line f . Then locate V' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect the vertices, V', W', X ', Y' and
Z' to form the reflected image.  

 

ANSWER:  

 

SPORTS When a ball is rolled or struck without
spin against a wall, it bounces off the wall and 
travels in a ray that is the reflected image of the
path of the ball if it had gone straight through 
the wall. Use this information in Exercises 16 
and 17. 

 
16. BILLIARDS Tadeo is playing billiards. He wants to

strike the eight ball with the cue ball so that the eight 
ball bounces off the rail and rolls into the indicated 
pocket. If the eight ball moves with no spin, draw a 
diagram showing the exact point P along the right rail
where the eight ball should hit after being struck by 
the cue ball. 

 

SOLUTION:  
We want to determine where the 8 ball should hit the
rail so that it goes into the side pocket. To do this, we
will need to locate a point P on the rail of the table 
such that P is collinear with the side pocket and the 
reflection of the 8 ball.  
  
Step 1: Locate the reflection of the 8 ball. The rail 
(red line) is equidistant from the 8 ball and the 
reflection. 

 
Step 2: Draw a line from the side pocket to the 
reflection. We now know the line along which the 8 
ball should travel in order to go into the side pocket. 

 
The intersection of the red and blue lines is the 
location of point P. The distance from P to the 8 ball 
and from P to the reflection are equal. 

 

ANSWER:  

 

17. INDOOR SOCCER Abby is playing indoor soccer,
and she wants to hit the ball to point C, but must 
avoid an opposing player at point B. She decides to 
hit the ball at point A so that it bounces off the side 
wall. Draw a diagram that shows the exact point 
along the top wall for which Abby should aim. 

 

SOLUTION:  
You are asked to locate a point P on line k such 
that cP + A'P  has the least possible value. 
 
The total distance from c to P and then from A ' to P
is least when these three points are collinear. Use 
the reflection of point A  in line k to find the location 
for point P. 
  
Draw A 'c . Locate P at the intersection of line k and
line A 'c. 
  
Compare the sum cP + A'P  for each case to verify 
that the location found for P minimizes this sum 

 

ANSWER:  

 

Graph each figure and its image in the given 
line. 

 

 

 
18.  y  = 3 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line y  =
3. 
  
Draw y  = 3. 
  
Vertex A is 5 units up from y  = 3, locate the point 5
units down from y  = 3. A ' would be (–5, –2). 
Vertex B is 2 units up from the y  = 3,  locate the 
point 2 units down from y  = 3. B' would be (–1, 1). 
Vertex C is 3 units down from y  = 3, locate the 
point 3 units up from y  = 3. C' would be (–4, 6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

19.  x = –1 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line x =
–1. 
  
Draw x = –1. 
  
Vertex A is 4 units left from x = –1, locate the point
4 units right from x = –1. A ' would be (3, 8). 
Vertex B is on the line x = –1,  so B' would be (–1, 
5). 
Vertex C is 3 units left from x = –1, locate the point
3 units right from x = –1. C' would be (2, 0). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

20. JKLM; x = 1 

SOLUTION:  
J is (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line x = 1. 
  
Draw the line x = 1. 
  
Vertex J is at 2 units right from x = 1, locate the 
point 2 units left from x = 1. J' would be (–1, 8). 
Vertex K is 5 units right from x = 1, locate the point
5 units left from x = 1. K' would be (–4, 8). 
Vertex L is 5 units right from x = 1, locate the point 
5 units left from x = 1. L' would be (–4, 5). 
Vertex M is on x = 1, so M' would be (1, 2). 
  
Then connect the vertices, J', K', L', and M' to form
the reflected image. 

 

ANSWER:  

 

21. JKLM; y  = 4 

SOLUTION:  
J is at (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line y  = 4. 
  
Draw the line y  = 4. 
  
Vertex J is 4 units up from y  = 4, locate the point 4 
units down from y  = 4. J' would be (3, 0). 
Vertex K is 4 units up from y  = 4, locate the point 4
units down from y  = 4. K' would be (6, 0). 
Vertex L is 1 unit up from y  = 4, locate the point 1 
unit down from y  = 4. L' would be (6, 3). 
Vertex M is 2 units down from y  = 4, locate the 
point 2 units up from y  = 4. M' would be (1, 6). 
  
Then connect the vertices J', K', L', and M' to form 
the reflected image. 

 

ANSWER:  

 

22. WXYZ; y  = –4 

SOLUTION:  
W is at (–2, –2), X  is at (6, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line y  = –4. 
  
Draw the line y  = –4. 
  
Vertex W is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. W' would be (–2, –6). 
Vertex X is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. X ' would be (6, –6). 
Vertex Y is 1 unit down from y  = –4, locate the 
point 1 unit up from y  = –4. Y' would be (4, –3). 
Vertex Z is 3 units down from y  = –4, locate the 
point 3 units up from y  = –4. Z' would be (0, –1). 
  
Then connect the vertices W', X ', Y', and Z' to form 
the reflected image. 
  

 

ANSWER:  

 

23. WXYZ; x = –2 

SOLUTION:  
W is at (–2, –2), X  is at (5, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line x = –2. 
  
Draw the line x = –2. 
  
Vertex W is on x = –2, so W' would be (–2, –2). 
Vertex X is 7 units right from x = –2, locate the 
point 7 units left from x = –2. X ' would be (–9, –2).
Vertex Y is 6 units right from x = –2, locate the 
point 6 units left from x = –2. Y' would be (–8, –5). 
Vertex Z is 2 units right from x = –2, locate the 
point 2 units left from x = –2. Z' would be (–4, –7).
  
Then connect the vertices, W', X ', Y', and Z' to form
the reflected image. 
  

 

ANSWER:  

 

STRUCTURE  Graph each figure and its image 
under the given reflection. 

24. rectangle ABCD with vertices A(–5, 2), B(1, 2), C(1, 
–1), and D(–5, –1) in the line y  = –2 

SOLUTION:  
To reflect over the line  y  = –2, subtract from the y -
coordinate the distance from the y  = –2 line.  
  
(x, y ) → (x, y – distance from y = –2 ) 

A(–5, 2) → Distance: +4, A'(–5, –6) 

B(1, 2) → Distance: +4, B'(1, –6) 

C(1, –1) → Distance: +1, C'(1, –3), 

D(–5, –1) →Distance: +1, D'(–5, –3) 
  
Plot the points. Then connect the vertices, A ', B', 
C', and D' to form the reflected image. 

 

ANSWER:  

 

25. square JKLM  with vertices J(–4, 6), K(0, 6), L(0, 2),
and M (–4, 2) in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 

J(–4, 6) → J'(4, 6) 

K(0, 6), → K'(0, 6) 

L(0, 2) → L'(0, 2) 

M(–4, 2)  → M'(4, 2) 
  
Plot the points. Then connect the vertices, J, K', 
L',and M' to form the reflected image. 

 

ANSWER:  

 

26.  with vertices F(–3, 2), G(–4, –1), and H(–6, 
–1) in the line y  = x 

SOLUTION:  
To reflect over line y  = x, interchange the x- and  y -
coordinates.  
  
(x, y ) → (y, x)  

 F(–3, 2), →   F'(2, –3) 

G(–4, –1) → G'(–1, –4) 

H(–6, –1) → H'(–1, –6) 
  
Plot the points. Then connect the vertices, F', G', 
and H' to form the reflected image. 
  

 

ANSWER:  

 

27.  with vertices W(2, 3), X(7, 3), Y(6, –1), and 

Z(1, –1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

W(2, 3) →  W'(2, –3) 

X(7, 3) → X'(7, –3), 

Y(6, –1) → Y'(6, 1) 

Z(1, –1) →  Z'(1, 1) 
  
Plot the points. Then connect the vertices, W', X ', 
Y',and Z' to form the reflected image. 
  

 

ANSWER:  

 

Given each figure and image, describe the 
transformation using coordinate notation. 

28. P(–1, 4), Q(2, 4), R(1, –1), and S(–1, –1) and P'(1, 
4), Q'(–2, 4), R'(–1, –1), and S'(1, –1)  

SOLUTION:  
Plot the points for the figure and its image.  

 
Compare the coordinates. 
  
P(–1, 4) →  P'(1, 4) 

Q(2, 4) → Q'(–2, 4) 

R(1, –1) → R'(–1, –1) 

S(–1, –1) →  S'(1, –1) 

To get from the figure to its image each (x, y ) → (–
x, y ). 
This means a reflection in the y -axis.  

ANSWER:  
(x, y ) → (–x, y ); reflection in the y -axis 

29. S(–3, –2), T(–2, 3), and U(2, 2) and S'(–2, –3), T'(3, 
–2), and U'(2, 2) 

SOLUTION:  
Plot the points for the figure and its image.  
  

 
  
Compare the coordinates. 
  
S(–3, –2) → S'(–2 –3) 

T(–2, 3) → T'(3, –2) 

U(2, 2) → U'(2, 2) 
Each vertex is transformed by (x, y ) → (y , x). 
This is a reflection in the line y  = x, interchange the 
x- and  y -coordinates.  

ANSWER:  
(x, y ) → (y , x); reflection in the line y  = x 

Each figure shows a preimage and its reflected 
image in some line. Copy each figure and draw 
the line of reflection. 

30.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

31.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  

 

ANSWER:  

 

32.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

CONSTRUCTION To construct the reflection 
of a figure in a line using only a compass and a 
straightedge, 
you can use: 
• the construction of a line perpendicular to a 
given line through a point not on the line 
(Lesson 1-5), and 
• the construction of a segment congruent to a 
given segment (Lesson 1-2). 

 
TOOLS  Copy each figure and the given line of 
reflection. Then construct the reflected image. 

33.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at B 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from B to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
A and C. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

34.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at K 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from K to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
J and L. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
  
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

35. ARCHITECTURE Refer to the photo of the 
building on page 227.  
a. Identify the line of reflection.  
b. Identify the preimage/image pairs. Assume that 
architectural features on the left-hand side of the 
picture represent the preimages. 

SOLUTION:  

a. is the line of reflection because each point to
its left matches a point to its right.  
b. A and C, D and F,  and ,  and .  

ANSWER:  

a.  

b. A and C, D and F,  and ,  and .  

ALGEBRA Graph the line y  = 2x – 3 and its 
reflected image in the given line. What is the 
equation of the reflected image? 

36. x-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the x-axis, the x-intercept will 
be the same in the reflection. Use the y-intercept to 
find a second point on the reflected line. Since the y-
intercept is –3,  the y-intercept of the reflected line 
will be 3.  
  
Use (1.5, 0) and (0, 3) to write an equation for the 
reflected line.  
  

 
  

 
  

 

ANSWER:  

 

37. y-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y-axis, the y-intercept will 
be the same in the reflection. Use the x-intercept to 
find a second point on the reflected line. Since the x-
intercept is 1.5,  the x-intercept of the reflected line 
will be –1.5.  
  
Use (–1.5, 0) and (0, –3) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

38. y  = x 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y = x line, the x- and y-
coordinates are switched. Switch the coordinates for 
the intercepts.  The y-intercept is (0, –3), so x-
intercept of the reflected line would be (–3, 0). The 
x-intercept is (1.5, 0), so y-intercept of the reflected 
line would be (0, 1.5) 
  
Use (0, 1.5) and (–3, 0) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

39. Reflect  shown below in the line y  = 3x. 

 

SOLUTION:  
Each vertex and its image will be equidistant from y  
= 3x. To estimate the placement of the images of 
each vertex, first find the equation of the lines 
perpendicular to y  = 3x that pass through each 

vertex. Each of these lines will have the slope , 

which is the negative reciprocal of the slope in y  = 
3x. 
  
Vertex C(-3, 6) 

 
Graph this line. Use a ruler to find the distance 
between C(-3, 6) and the point of intersection with 
the line of reflection. Mark C' an equal distance 
along this line. 
  
Vertex D(-1, 1) 

 
Graph this line. Use a ruler to find the distance 
between D(-1, 1) and the point of intersection with 
the line of reflection. Mark D' an equal distance 
along this line. 
  
Vertex E(3, 5) 

 
Graph this line. Use a ruler to find the distance 
between E(3, 5) and the point of intersection with 
the line of reflection. Mark E' an equal distance 
along this line. 
Connect the vertices, C', D', and E' to form the 
reflected image. 

 
  

 

ANSWER:  

 

40. Relocate vertex C so that ABCDE is convex, and all 
sides remain the same length. 

 

SOLUTION:  
If you reflect vertex C over the BD line, the figure 
would become convex.  

 

ANSWER:  

 

ALGEBRA Graph the reflection of each 
function in the given line. Then write the 
equation of the reflected image. 

41. x-axis 

 

SOLUTION:  
To reflect a point in the x-axis, multiply its y -
coordinate by –1.  
  
To reflect   in the x-axis multiply by –
1.  

 

ANSWER:  

 

42. y-axis 

 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
To reflect  over the y -axis, multiply x 
by –1. The reflected equation will then be 

. 
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Copy the figure and the given line of reflection. 
Then draw the reflected image in this line using
a ruler. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line a. 
Step 2: Measure the distance from point C to the 
line a. Then locate C' the same distance from line a 
on the opposite side.  
Step 3: Repeat Step 2 to locate points D' and F'. 
Then connect the vertices, C', D', and F' to form 
the reflected image.  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point Q to the 
line k. Then locate Q' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points R', S' and 
T'. Then connect the vertices, Q', R', S', and T' to 
form the reflected image.  

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point W to the 
line f . Then locate W' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect the vertices, W', X ', Y' and Z' to 
form the reflected image.  
  

 

ANSWER:  

 

4. SPORTING EVENTS Toru is waiting at a café for 
a friend to bring him a ticket to a sold-out sporting 
event. At what point P along the street should the 
friend try to stop his car to minimize the distance 
Toru will have to walk from the café, to the car, and 
then to the arena entrance? Draw a diagram. 

 

SOLUTION:  
 You are asked to locate a point P on line se such 
that cP + Pe has the least possible value. 
 
The total distance from s to P and then from P to e 
is least when these three points are collinear. Use 
the reflection of point c over the road to find the 
location for point P. 
  
 Draw c'e (or se).  

 
  
Locate P at the intersection of road and line se . 

 
  
Compare the sum cP + Pe for each case to verify 
that the location found for P minimizes this sum. 

ANSWER:  
Sample answer: 

 

Graph  and its image in the given line.

 
5. y  = –2 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line y  = –2. 
  
Vertex A is 3 units up from y  = –2, locate the point 
3 units down from y  = –2. A ' would be (1, –5). 
Vertex B is on the line y  = –2, so B' would be at the
same point (2, –2). 
Vertex C is 4 units up from y  = –2, locate the point 
4 units down from y  = –2. C' would be (7, –6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  
  

 

ANSWER:  

 

6. x = 3 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line x = 3. 
  
Vertex A is 2 units left from x = 3, locate the point 
2 units right from x = 3. A ' would be at (5, 1). 
Vertex B is 1 unit left from  x = 3, locate the point 1
unit right from x = 3. B' would be at (4, –2). 
Vertex C is 4 units right from x = 3, locate the point
4 units left from x = 3. C' would be at (–1, 2). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

Graph each figure and its image under the given
reflection. 

7.  with vertices X(0, 4), Y(–3, 4), and Z(–4, –1) 
in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 
X(0, 4) → X'(0, 4) 
Y(–3, 4) → Y'(3, 4) 
Z(–4, –1) →Z'(4, –1) 
  
Plot the points. Then connect the vertices, X ', Y', 
and Z' to form the reflected image. 
  

 

ANSWER:  

 

8.  QRST with vertices Q(–1, 4), R(4, 4), S(3, 1), and
T(–2, 1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

Q(–1, 4) → Q'(–1, –4) 

R(4, 4) → R'(4, –4) 

S(3, 1) →S'(3, –1) 

T(–2, 1) →T'(–2, –1) 
  
Plot the points. Then connect the vertices, Q', R', S',
and T' to form the reflected image. 
  

 

ANSWER:  

 

9. Given quadrilaterals J(–3, 1), K(–1, 3), L(1, 3), and M
(–3, –1) and its image J'(1, –3), K'(3, –1), L'(3, 1), 
and M'(–1, –3), describe the transformation using 
coordinate notation.  

SOLUTION:  
Plot the points for the preimage and the image. 
  

 
The transformation sends each vertex as follows.
  
J(–3, 1) →  J'(1, –3) 

K(–1, 3) →  K'(3, –1) 

L(1, 3) → L'(3, 1) 

M(–3, –1)  → M'(–1, –3) 
  
That means that (x, y ) → (y , x). 
  
This is the result of a reflection over the y = x .  

ANSWER:  
(x, y ) → (y , x); reflection in the y = x .  

TOOLS Copy the figure and the given line of 
reflection. Then draw the reflected image in this
line using a ruler. 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point X  to the 
line k. Then locate X ' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect the vertices, X ', Y', and Z' to form the 
reflected image.  

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line s. 
Step 2: Measure the distance from point J to the 
line s. Then locate J' the same distance from line s 
on the opposite side.  
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect the vertices J', K', L', and M' to 
form the reflected image.  

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line c. 
Step 2: Measure the distance from point E to the 
line c. Then locate E' the same distance from line c 
on the opposite side.  
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect the vertices, E', F', G' and H' to 
form the reflected image.  

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line t. 
Step 2: Measure the distance from point A  to the 
line t. Then locate A ' the same distance from line t 
on the opposite side.  
Step 3: Repeat Step 2 to locate points B', C' and 
D'. Then connect the vertices, A ', B', C' and D' to 
form the reflected image.  

 

ANSWER:  

 

14.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line w. 
Step 2: Measure the distance from point P to the 
line w. Then locate P' the same distance from line w
on the opposite side.  
Step 3: Repeat Step 2 to locate points Q', R', S', 
T,' and U'. Then connect the vertices P', Q', R', S', 
T', and U' to form the reflected image.  

 

ANSWER:  

 

15.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point V to the 
line f . Then locate V' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect the vertices, V', W', X ', Y' and
Z' to form the reflected image.  

 

ANSWER:  

 

SPORTS When a ball is rolled or struck without
spin against a wall, it bounces off the wall and 
travels in a ray that is the reflected image of the
path of the ball if it had gone straight through 
the wall. Use this information in Exercises 16 
and 17. 

 
16. BILLIARDS Tadeo is playing billiards. He wants to

strike the eight ball with the cue ball so that the eight 
ball bounces off the rail and rolls into the indicated 
pocket. If the eight ball moves with no spin, draw a 
diagram showing the exact point P along the right rail
where the eight ball should hit after being struck by 
the cue ball. 

 

SOLUTION:  
We want to determine where the 8 ball should hit the
rail so that it goes into the side pocket. To do this, we
will need to locate a point P on the rail of the table 
such that P is collinear with the side pocket and the 
reflection of the 8 ball.  
  
Step 1: Locate the reflection of the 8 ball. The rail 
(red line) is equidistant from the 8 ball and the 
reflection. 

 
Step 2: Draw a line from the side pocket to the 
reflection. We now know the line along which the 8 
ball should travel in order to go into the side pocket. 

 
The intersection of the red and blue lines is the 
location of point P. The distance from P to the 8 ball 
and from P to the reflection are equal. 

 

ANSWER:  

 

17. INDOOR SOCCER Abby is playing indoor soccer,
and she wants to hit the ball to point C, but must 
avoid an opposing player at point B. She decides to 
hit the ball at point A so that it bounces off the side 
wall. Draw a diagram that shows the exact point 
along the top wall for which Abby should aim. 

 

SOLUTION:  
You are asked to locate a point P on line k such 
that cP + A'P  has the least possible value. 
 
The total distance from c to P and then from A ' to P
is least when these three points are collinear. Use 
the reflection of point A  in line k to find the location 
for point P. 
  
Draw A 'c . Locate P at the intersection of line k and
line A 'c. 
  
Compare the sum cP + A'P  for each case to verify 
that the location found for P minimizes this sum 

 

ANSWER:  

 

Graph each figure and its image in the given 
line. 

 

 

 
18.  y  = 3 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line y  =
3. 
  
Draw y  = 3. 
  
Vertex A is 5 units up from y  = 3, locate the point 5
units down from y  = 3. A ' would be (–5, –2). 
Vertex B is 2 units up from the y  = 3,  locate the 
point 2 units down from y  = 3. B' would be (–1, 1). 
Vertex C is 3 units down from y  = 3, locate the 
point 3 units up from y  = 3. C' would be (–4, 6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

19.  x = –1 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line x =
–1. 
  
Draw x = –1. 
  
Vertex A is 4 units left from x = –1, locate the point
4 units right from x = –1. A ' would be (3, 8). 
Vertex B is on the line x = –1,  so B' would be (–1, 
5). 
Vertex C is 3 units left from x = –1, locate the point
3 units right from x = –1. C' would be (2, 0). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

20. JKLM; x = 1 

SOLUTION:  
J is (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line x = 1. 
  
Draw the line x = 1. 
  
Vertex J is at 2 units right from x = 1, locate the 
point 2 units left from x = 1. J' would be (–1, 8). 
Vertex K is 5 units right from x = 1, locate the point
5 units left from x = 1. K' would be (–4, 8). 
Vertex L is 5 units right from x = 1, locate the point 
5 units left from x = 1. L' would be (–4, 5). 
Vertex M is on x = 1, so M' would be (1, 2). 
  
Then connect the vertices, J', K', L', and M' to form
the reflected image. 

 

ANSWER:  

 

21. JKLM; y  = 4 

SOLUTION:  
J is at (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line y  = 4. 
  
Draw the line y  = 4. 
  
Vertex J is 4 units up from y  = 4, locate the point 4 
units down from y  = 4. J' would be (3, 0). 
Vertex K is 4 units up from y  = 4, locate the point 4
units down from y  = 4. K' would be (6, 0). 
Vertex L is 1 unit up from y  = 4, locate the point 1 
unit down from y  = 4. L' would be (6, 3). 
Vertex M is 2 units down from y  = 4, locate the 
point 2 units up from y  = 4. M' would be (1, 6). 
  
Then connect the vertices J', K', L', and M' to form 
the reflected image. 

 

ANSWER:  

 

22. WXYZ; y  = –4 

SOLUTION:  
W is at (–2, –2), X  is at (6, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line y  = –4. 
  
Draw the line y  = –4. 
  
Vertex W is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. W' would be (–2, –6). 
Vertex X is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. X ' would be (6, –6). 
Vertex Y is 1 unit down from y  = –4, locate the 
point 1 unit up from y  = –4. Y' would be (4, –3). 
Vertex Z is 3 units down from y  = –4, locate the 
point 3 units up from y  = –4. Z' would be (0, –1). 
  
Then connect the vertices W', X ', Y', and Z' to form 
the reflected image. 
  

 

ANSWER:  

 

23. WXYZ; x = –2 

SOLUTION:  
W is at (–2, –2), X  is at (5, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line x = –2. 
  
Draw the line x = –2. 
  
Vertex W is on x = –2, so W' would be (–2, –2). 
Vertex X is 7 units right from x = –2, locate the 
point 7 units left from x = –2. X ' would be (–9, –2).
Vertex Y is 6 units right from x = –2, locate the 
point 6 units left from x = –2. Y' would be (–8, –5). 
Vertex Z is 2 units right from x = –2, locate the 
point 2 units left from x = –2. Z' would be (–4, –7).
  
Then connect the vertices, W', X ', Y', and Z' to form
the reflected image. 
  

 

ANSWER:  

 

STRUCTURE  Graph each figure and its image 
under the given reflection. 

24. rectangle ABCD with vertices A(–5, 2), B(1, 2), C(1, 
–1), and D(–5, –1) in the line y  = –2 

SOLUTION:  
To reflect over the line  y  = –2, subtract from the y -
coordinate the distance from the y  = –2 line.  
  
(x, y ) → (x, y – distance from y = –2 ) 

A(–5, 2) → Distance: +4, A'(–5, –6) 

B(1, 2) → Distance: +4, B'(1, –6) 

C(1, –1) → Distance: +1, C'(1, –3), 

D(–5, –1) →Distance: +1, D'(–5, –3) 
  
Plot the points. Then connect the vertices, A ', B', 
C', and D' to form the reflected image. 

 

ANSWER:  

 

25. square JKLM  with vertices J(–4, 6), K(0, 6), L(0, 2),
and M (–4, 2) in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 

J(–4, 6) → J'(4, 6) 

K(0, 6), → K'(0, 6) 

L(0, 2) → L'(0, 2) 

M(–4, 2)  → M'(4, 2) 
  
Plot the points. Then connect the vertices, J, K', 
L',and M' to form the reflected image. 

 

ANSWER:  

 

26.  with vertices F(–3, 2), G(–4, –1), and H(–6, 
–1) in the line y  = x 

SOLUTION:  
To reflect over line y  = x, interchange the x- and  y -
coordinates.  
  
(x, y ) → (y, x)  

 F(–3, 2), →   F'(2, –3) 

G(–4, –1) → G'(–1, –4) 

H(–6, –1) → H'(–1, –6) 
  
Plot the points. Then connect the vertices, F', G', 
and H' to form the reflected image. 
  

 

ANSWER:  

 

27.  with vertices W(2, 3), X(7, 3), Y(6, –1), and 

Z(1, –1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

W(2, 3) →  W'(2, –3) 

X(7, 3) → X'(7, –3), 

Y(6, –1) → Y'(6, 1) 

Z(1, –1) →  Z'(1, 1) 
  
Plot the points. Then connect the vertices, W', X ', 
Y',and Z' to form the reflected image. 
  

 

ANSWER:  

 

Given each figure and image, describe the 
transformation using coordinate notation. 

28. P(–1, 4), Q(2, 4), R(1, –1), and S(–1, –1) and P'(1, 
4), Q'(–2, 4), R'(–1, –1), and S'(1, –1)  

SOLUTION:  
Plot the points for the figure and its image.  

 
Compare the coordinates. 
  
P(–1, 4) →  P'(1, 4) 

Q(2, 4) → Q'(–2, 4) 

R(1, –1) → R'(–1, –1) 

S(–1, –1) →  S'(1, –1) 

To get from the figure to its image each (x, y ) → (–
x, y ). 
This means a reflection in the y -axis.  

ANSWER:  
(x, y ) → (–x, y ); reflection in the y -axis 

29. S(–3, –2), T(–2, 3), and U(2, 2) and S'(–2, –3), T'(3, 
–2), and U'(2, 2) 

SOLUTION:  
Plot the points for the figure and its image.  
  

 
  
Compare the coordinates. 
  
S(–3, –2) → S'(–2 –3) 

T(–2, 3) → T'(3, –2) 

U(2, 2) → U'(2, 2) 
Each vertex is transformed by (x, y ) → (y , x). 
This is a reflection in the line y  = x, interchange the 
x- and  y -coordinates.  

ANSWER:  
(x, y ) → (y , x); reflection in the line y  = x 

Each figure shows a preimage and its reflected 
image in some line. Copy each figure and draw 
the line of reflection. 

30.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

31.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  

 

ANSWER:  

 

32.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

CONSTRUCTION To construct the reflection 
of a figure in a line using only a compass and a 
straightedge, 
you can use: 
• the construction of a line perpendicular to a 
given line through a point not on the line 
(Lesson 1-5), and 
• the construction of a segment congruent to a 
given segment (Lesson 1-2). 

 
TOOLS  Copy each figure and the given line of 
reflection. Then construct the reflected image. 

33.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at B 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from B to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
A and C. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

34.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at K 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from K to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
J and L. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
  
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

35. ARCHITECTURE Refer to the photo of the 
building on page 227.  
a. Identify the line of reflection.  
b. Identify the preimage/image pairs. Assume that 
architectural features on the left-hand side of the 
picture represent the preimages. 

SOLUTION:  

a. is the line of reflection because each point to
its left matches a point to its right.  
b. A and C, D and F,  and ,  and .  

ANSWER:  

a.  

b. A and C, D and F,  and ,  and .  

ALGEBRA Graph the line y  = 2x – 3 and its 
reflected image in the given line. What is the 
equation of the reflected image? 

36. x-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the x-axis, the x-intercept will 
be the same in the reflection. Use the y-intercept to 
find a second point on the reflected line. Since the y-
intercept is –3,  the y-intercept of the reflected line 
will be 3.  
  
Use (1.5, 0) and (0, 3) to write an equation for the 
reflected line.  
  

 
  

 
  

 

ANSWER:  

 

37. y-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y-axis, the y-intercept will 
be the same in the reflection. Use the x-intercept to 
find a second point on the reflected line. Since the x-
intercept is 1.5,  the x-intercept of the reflected line 
will be –1.5.  
  
Use (–1.5, 0) and (0, –3) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

38. y  = x 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y = x line, the x- and y-
coordinates are switched. Switch the coordinates for 
the intercepts.  The y-intercept is (0, –3), so x-
intercept of the reflected line would be (–3, 0). The 
x-intercept is (1.5, 0), so y-intercept of the reflected 
line would be (0, 1.5) 
  
Use (0, 1.5) and (–3, 0) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

39. Reflect  shown below in the line y  = 3x. 

 

SOLUTION:  
Each vertex and its image will be equidistant from y  
= 3x. To estimate the placement of the images of 
each vertex, first find the equation of the lines 
perpendicular to y  = 3x that pass through each 

vertex. Each of these lines will have the slope , 

which is the negative reciprocal of the slope in y  = 
3x. 
  
Vertex C(-3, 6) 

 
Graph this line. Use a ruler to find the distance 
between C(-3, 6) and the point of intersection with 
the line of reflection. Mark C' an equal distance 
along this line. 
  
Vertex D(-1, 1) 

 
Graph this line. Use a ruler to find the distance 
between D(-1, 1) and the point of intersection with 
the line of reflection. Mark D' an equal distance 
along this line. 
  
Vertex E(3, 5) 

 
Graph this line. Use a ruler to find the distance 
between E(3, 5) and the point of intersection with 
the line of reflection. Mark E' an equal distance 
along this line. 
Connect the vertices, C', D', and E' to form the 
reflected image. 

 
  

 

ANSWER:  

 

40. Relocate vertex C so that ABCDE is convex, and all 
sides remain the same length. 

 

SOLUTION:  
If you reflect vertex C over the BD line, the figure 
would become convex.  

 

ANSWER:  

 

ALGEBRA Graph the reflection of each 
function in the given line. Then write the 
equation of the reflected image. 

41. x-axis 

 

SOLUTION:  
To reflect a point in the x-axis, multiply its y -
coordinate by –1.  
  
To reflect   in the x-axis multiply by –
1.  

 

ANSWER:  

 

42. y-axis 

 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
To reflect  over the y -axis, multiply x 
by –1. The reflected equation will then be 

. 

  
  

 

Copy the figure and the given line of reflection. 
Then draw the reflected image in this line using
a ruler. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line a. 
Step 2: Measure the distance from point C to the 
line a. Then locate C' the same distance from line a 
on the opposite side.  
Step 3: Repeat Step 2 to locate points D' and F'. 
Then connect the vertices, C', D', and F' to form 
the reflected image.  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point Q to the 
line k. Then locate Q' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points R', S' and 
T'. Then connect the vertices, Q', R', S', and T' to 
form the reflected image.  

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point W to the 
line f . Then locate W' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect the vertices, W', X ', Y' and Z' to 
form the reflected image.  
  

 

ANSWER:  

 

4. SPORTING EVENTS Toru is waiting at a café for 
a friend to bring him a ticket to a sold-out sporting 
event. At what point P along the street should the 
friend try to stop his car to minimize the distance 
Toru will have to walk from the café, to the car, and 
then to the arena entrance? Draw a diagram. 

 

SOLUTION:  
 You are asked to locate a point P on line se such 
that cP + Pe has the least possible value. 
 
The total distance from s to P and then from P to e 
is least when these three points are collinear. Use 
the reflection of point c over the road to find the 
location for point P. 
  
 Draw c'e (or se).  

 
  
Locate P at the intersection of road and line se . 

 
  
Compare the sum cP + Pe for each case to verify 
that the location found for P minimizes this sum. 

ANSWER:  
Sample answer: 

 

Graph  and its image in the given line.

 
5. y  = –2 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line y  = –2. 
  
Vertex A is 3 units up from y  = –2, locate the point 
3 units down from y  = –2. A ' would be (1, –5). 
Vertex B is on the line y  = –2, so B' would be at the
same point (2, –2). 
Vertex C is 4 units up from y  = –2, locate the point 
4 units down from y  = –2. C' would be (7, –6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  
  

 

ANSWER:  

 

6. x = 3 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line x = 3. 
  
Vertex A is 2 units left from x = 3, locate the point 
2 units right from x = 3. A ' would be at (5, 1). 
Vertex B is 1 unit left from  x = 3, locate the point 1
unit right from x = 3. B' would be at (4, –2). 
Vertex C is 4 units right from x = 3, locate the point
4 units left from x = 3. C' would be at (–1, 2). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

Graph each figure and its image under the given
reflection. 

7.  with vertices X(0, 4), Y(–3, 4), and Z(–4, –1) 
in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 
X(0, 4) → X'(0, 4) 
Y(–3, 4) → Y'(3, 4) 
Z(–4, –1) →Z'(4, –1) 
  
Plot the points. Then connect the vertices, X ', Y', 
and Z' to form the reflected image. 
  

 

ANSWER:  

 

8.  QRST with vertices Q(–1, 4), R(4, 4), S(3, 1), and
T(–2, 1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

Q(–1, 4) → Q'(–1, –4) 

R(4, 4) → R'(4, –4) 

S(3, 1) →S'(3, –1) 

T(–2, 1) →T'(–2, –1) 
  
Plot the points. Then connect the vertices, Q', R', S',
and T' to form the reflected image. 
  

 

ANSWER:  

 

9. Given quadrilaterals J(–3, 1), K(–1, 3), L(1, 3), and M
(–3, –1) and its image J'(1, –3), K'(3, –1), L'(3, 1), 
and M'(–1, –3), describe the transformation using 
coordinate notation.  

SOLUTION:  
Plot the points for the preimage and the image. 
  

 
The transformation sends each vertex as follows.
  
J(–3, 1) →  J'(1, –3) 

K(–1, 3) →  K'(3, –1) 

L(1, 3) → L'(3, 1) 

M(–3, –1)  → M'(–1, –3) 
  
That means that (x, y ) → (y , x). 
  
This is the result of a reflection over the y = x .  

ANSWER:  
(x, y ) → (y , x); reflection in the y = x .  

TOOLS Copy the figure and the given line of 
reflection. Then draw the reflected image in this
line using a ruler. 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point X  to the 
line k. Then locate X ' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect the vertices, X ', Y', and Z' to form the 
reflected image.  

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line s. 
Step 2: Measure the distance from point J to the 
line s. Then locate J' the same distance from line s 
on the opposite side.  
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect the vertices J', K', L', and M' to 
form the reflected image.  

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line c. 
Step 2: Measure the distance from point E to the 
line c. Then locate E' the same distance from line c 
on the opposite side.  
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect the vertices, E', F', G' and H' to 
form the reflected image.  

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line t. 
Step 2: Measure the distance from point A  to the 
line t. Then locate A ' the same distance from line t 
on the opposite side.  
Step 3: Repeat Step 2 to locate points B', C' and 
D'. Then connect the vertices, A ', B', C' and D' to 
form the reflected image.  

 

ANSWER:  

 

14.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line w. 
Step 2: Measure the distance from point P to the 
line w. Then locate P' the same distance from line w
on the opposite side.  
Step 3: Repeat Step 2 to locate points Q', R', S', 
T,' and U'. Then connect the vertices P', Q', R', S', 
T', and U' to form the reflected image.  

 

ANSWER:  

 

15.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point V to the 
line f . Then locate V' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect the vertices, V', W', X ', Y' and
Z' to form the reflected image.  

 

ANSWER:  

 

SPORTS When a ball is rolled or struck without
spin against a wall, it bounces off the wall and 
travels in a ray that is the reflected image of the
path of the ball if it had gone straight through 
the wall. Use this information in Exercises 16 
and 17. 

 
16. BILLIARDS Tadeo is playing billiards. He wants to

strike the eight ball with the cue ball so that the eight 
ball bounces off the rail and rolls into the indicated 
pocket. If the eight ball moves with no spin, draw a 
diagram showing the exact point P along the right rail
where the eight ball should hit after being struck by 
the cue ball. 

 

SOLUTION:  
We want to determine where the 8 ball should hit the
rail so that it goes into the side pocket. To do this, we
will need to locate a point P on the rail of the table 
such that P is collinear with the side pocket and the 
reflection of the 8 ball.  
  
Step 1: Locate the reflection of the 8 ball. The rail 
(red line) is equidistant from the 8 ball and the 
reflection. 

 
Step 2: Draw a line from the side pocket to the 
reflection. We now know the line along which the 8 
ball should travel in order to go into the side pocket. 

 
The intersection of the red and blue lines is the 
location of point P. The distance from P to the 8 ball 
and from P to the reflection are equal. 

 

ANSWER:  

 

17. INDOOR SOCCER Abby is playing indoor soccer,
and she wants to hit the ball to point C, but must 
avoid an opposing player at point B. She decides to 
hit the ball at point A so that it bounces off the side 
wall. Draw a diagram that shows the exact point 
along the top wall for which Abby should aim. 

 

SOLUTION:  
You are asked to locate a point P on line k such 
that cP + A'P  has the least possible value. 
 
The total distance from c to P and then from A ' to P
is least when these three points are collinear. Use 
the reflection of point A  in line k to find the location 
for point P. 
  
Draw A 'c . Locate P at the intersection of line k and
line A 'c. 
  
Compare the sum cP + A'P  for each case to verify 
that the location found for P minimizes this sum 

 

ANSWER:  

 

Graph each figure and its image in the given 
line. 

 

 

 
18.  y  = 3 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line y  =
3. 
  
Draw y  = 3. 
  
Vertex A is 5 units up from y  = 3, locate the point 5
units down from y  = 3. A ' would be (–5, –2). 
Vertex B is 2 units up from the y  = 3,  locate the 
point 2 units down from y  = 3. B' would be (–1, 1). 
Vertex C is 3 units down from y  = 3, locate the 
point 3 units up from y  = 3. C' would be (–4, 6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

19.  x = –1 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line x =
–1. 
  
Draw x = –1. 
  
Vertex A is 4 units left from x = –1, locate the point
4 units right from x = –1. A ' would be (3, 8). 
Vertex B is on the line x = –1,  so B' would be (–1, 
5). 
Vertex C is 3 units left from x = –1, locate the point
3 units right from x = –1. C' would be (2, 0). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

20. JKLM; x = 1 

SOLUTION:  
J is (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line x = 1. 
  
Draw the line x = 1. 
  
Vertex J is at 2 units right from x = 1, locate the 
point 2 units left from x = 1. J' would be (–1, 8). 
Vertex K is 5 units right from x = 1, locate the point
5 units left from x = 1. K' would be (–4, 8). 
Vertex L is 5 units right from x = 1, locate the point 
5 units left from x = 1. L' would be (–4, 5). 
Vertex M is on x = 1, so M' would be (1, 2). 
  
Then connect the vertices, J', K', L', and M' to form
the reflected image. 

 

ANSWER:  

 

21. JKLM; y  = 4 

SOLUTION:  
J is at (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line y  = 4. 
  
Draw the line y  = 4. 
  
Vertex J is 4 units up from y  = 4, locate the point 4 
units down from y  = 4. J' would be (3, 0). 
Vertex K is 4 units up from y  = 4, locate the point 4
units down from y  = 4. K' would be (6, 0). 
Vertex L is 1 unit up from y  = 4, locate the point 1 
unit down from y  = 4. L' would be (6, 3). 
Vertex M is 2 units down from y  = 4, locate the 
point 2 units up from y  = 4. M' would be (1, 6). 
  
Then connect the vertices J', K', L', and M' to form 
the reflected image. 

 

ANSWER:  

 

22. WXYZ; y  = –4 

SOLUTION:  
W is at (–2, –2), X  is at (6, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line y  = –4. 
  
Draw the line y  = –4. 
  
Vertex W is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. W' would be (–2, –6). 
Vertex X is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. X ' would be (6, –6). 
Vertex Y is 1 unit down from y  = –4, locate the 
point 1 unit up from y  = –4. Y' would be (4, –3). 
Vertex Z is 3 units down from y  = –4, locate the 
point 3 units up from y  = –4. Z' would be (0, –1). 
  
Then connect the vertices W', X ', Y', and Z' to form 
the reflected image. 
  

 

ANSWER:  

 

23. WXYZ; x = –2 

SOLUTION:  
W is at (–2, –2), X  is at (5, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line x = –2. 
  
Draw the line x = –2. 
  
Vertex W is on x = –2, so W' would be (–2, –2). 
Vertex X is 7 units right from x = –2, locate the 
point 7 units left from x = –2. X ' would be (–9, –2).
Vertex Y is 6 units right from x = –2, locate the 
point 6 units left from x = –2. Y' would be (–8, –5). 
Vertex Z is 2 units right from x = –2, locate the 
point 2 units left from x = –2. Z' would be (–4, –7).
  
Then connect the vertices, W', X ', Y', and Z' to form
the reflected image. 
  

 

ANSWER:  

 

STRUCTURE  Graph each figure and its image 
under the given reflection. 

24. rectangle ABCD with vertices A(–5, 2), B(1, 2), C(1, 
–1), and D(–5, –1) in the line y  = –2 

SOLUTION:  
To reflect over the line  y  = –2, subtract from the y -
coordinate the distance from the y  = –2 line.  
  
(x, y ) → (x, y – distance from y = –2 ) 

A(–5, 2) → Distance: +4, A'(–5, –6) 

B(1, 2) → Distance: +4, B'(1, –6) 

C(1, –1) → Distance: +1, C'(1, –3), 

D(–5, –1) →Distance: +1, D'(–5, –3) 
  
Plot the points. Then connect the vertices, A ', B', 
C', and D' to form the reflected image. 

 

ANSWER:  

 

25. square JKLM  with vertices J(–4, 6), K(0, 6), L(0, 2),
and M (–4, 2) in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 

J(–4, 6) → J'(4, 6) 

K(0, 6), → K'(0, 6) 

L(0, 2) → L'(0, 2) 

M(–4, 2)  → M'(4, 2) 
  
Plot the points. Then connect the vertices, J, K', 
L',and M' to form the reflected image. 

 

ANSWER:  

 

26.  with vertices F(–3, 2), G(–4, –1), and H(–6, 
–1) in the line y  = x 

SOLUTION:  
To reflect over line y  = x, interchange the x- and  y -
coordinates.  
  
(x, y ) → (y, x)  

 F(–3, 2), →   F'(2, –3) 

G(–4, –1) → G'(–1, –4) 

H(–6, –1) → H'(–1, –6) 
  
Plot the points. Then connect the vertices, F', G', 
and H' to form the reflected image. 
  

 

ANSWER:  

 

27.  with vertices W(2, 3), X(7, 3), Y(6, –1), and 

Z(1, –1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

W(2, 3) →  W'(2, –3) 

X(7, 3) → X'(7, –3), 

Y(6, –1) → Y'(6, 1) 

Z(1, –1) →  Z'(1, 1) 
  
Plot the points. Then connect the vertices, W', X ', 
Y',and Z' to form the reflected image. 
  

 

ANSWER:  

 

Given each figure and image, describe the 
transformation using coordinate notation. 

28. P(–1, 4), Q(2, 4), R(1, –1), and S(–1, –1) and P'(1, 
4), Q'(–2, 4), R'(–1, –1), and S'(1, –1)  

SOLUTION:  
Plot the points for the figure and its image.  

 
Compare the coordinates. 
  
P(–1, 4) →  P'(1, 4) 

Q(2, 4) → Q'(–2, 4) 

R(1, –1) → R'(–1, –1) 

S(–1, –1) →  S'(1, –1) 

To get from the figure to its image each (x, y ) → (–
x, y ). 
This means a reflection in the y -axis.  

ANSWER:  
(x, y ) → (–x, y ); reflection in the y -axis 

29. S(–3, –2), T(–2, 3), and U(2, 2) and S'(–2, –3), T'(3, 
–2), and U'(2, 2) 

SOLUTION:  
Plot the points for the figure and its image.  
  

 
  
Compare the coordinates. 
  
S(–3, –2) → S'(–2 –3) 

T(–2, 3) → T'(3, –2) 

U(2, 2) → U'(2, 2) 
Each vertex is transformed by (x, y ) → (y , x). 
This is a reflection in the line y  = x, interchange the 
x- and  y -coordinates.  

ANSWER:  
(x, y ) → (y , x); reflection in the line y  = x 

Each figure shows a preimage and its reflected 
image in some line. Copy each figure and draw 
the line of reflection. 

30.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

31.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  

 

ANSWER:  

 

32.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

CONSTRUCTION To construct the reflection 
of a figure in a line using only a compass and a 
straightedge, 
you can use: 
• the construction of a line perpendicular to a 
given line through a point not on the line 
(Lesson 1-5), and 
• the construction of a segment congruent to a 
given segment (Lesson 1-2). 

 
TOOLS  Copy each figure and the given line of 
reflection. Then construct the reflected image. 

33.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at B 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from B to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
A and C. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

34.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at K 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from K to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
J and L. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
  
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

35. ARCHITECTURE Refer to the photo of the 
building on page 227.  
a. Identify the line of reflection.  
b. Identify the preimage/image pairs. Assume that 
architectural features on the left-hand side of the 
picture represent the preimages. 

SOLUTION:  

a. is the line of reflection because each point to
its left matches a point to its right.  
b. A and C, D and F,  and ,  and .  

ANSWER:  

a.  

b. A and C, D and F,  and ,  and .  

ALGEBRA Graph the line y  = 2x – 3 and its 
reflected image in the given line. What is the 
equation of the reflected image? 

36. x-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the x-axis, the x-intercept will 
be the same in the reflection. Use the y-intercept to 
find a second point on the reflected line. Since the y-
intercept is –3,  the y-intercept of the reflected line 
will be 3.  
  
Use (1.5, 0) and (0, 3) to write an equation for the 
reflected line.  
  

 
  

 
  

 

ANSWER:  

 

37. y-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y-axis, the y-intercept will 
be the same in the reflection. Use the x-intercept to 
find a second point on the reflected line. Since the x-
intercept is 1.5,  the x-intercept of the reflected line 
will be –1.5.  
  
Use (–1.5, 0) and (0, –3) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

38. y  = x 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y = x line, the x- and y-
coordinates are switched. Switch the coordinates for 
the intercepts.  The y-intercept is (0, –3), so x-
intercept of the reflected line would be (–3, 0). The 
x-intercept is (1.5, 0), so y-intercept of the reflected 
line would be (0, 1.5) 
  
Use (0, 1.5) and (–3, 0) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

39. Reflect  shown below in the line y  = 3x. 

 

SOLUTION:  
Each vertex and its image will be equidistant from y  
= 3x. To estimate the placement of the images of 
each vertex, first find the equation of the lines 
perpendicular to y  = 3x that pass through each 

vertex. Each of these lines will have the slope , 

which is the negative reciprocal of the slope in y  = 
3x. 
  
Vertex C(-3, 6) 

 
Graph this line. Use a ruler to find the distance 
between C(-3, 6) and the point of intersection with 
the line of reflection. Mark C' an equal distance 
along this line. 
  
Vertex D(-1, 1) 

 
Graph this line. Use a ruler to find the distance 
between D(-1, 1) and the point of intersection with 
the line of reflection. Mark D' an equal distance 
along this line. 
  
Vertex E(3, 5) 

 
Graph this line. Use a ruler to find the distance 
between E(3, 5) and the point of intersection with 
the line of reflection. Mark E' an equal distance 
along this line. 
Connect the vertices, C', D', and E' to form the 
reflected image. 

 
  

 

ANSWER:  

 

40. Relocate vertex C so that ABCDE is convex, and all 
sides remain the same length. 

 

SOLUTION:  
If you reflect vertex C over the BD line, the figure 
would become convex.  

 

ANSWER:  

 

ALGEBRA Graph the reflection of each 
function in the given line. Then write the 
equation of the reflected image. 

41. x-axis 

 

SOLUTION:  
To reflect a point in the x-axis, multiply its y -
coordinate by –1.  
  
To reflect   in the x-axis multiply by –
1.  

 

ANSWER:  

 

42. y-axis 

 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
To reflect  over the y -axis, multiply x 
by –1. The reflected equation will then be 

. 
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3-1 Reflections 



Copy the figure and the given line of reflection. 
Then draw the reflected image in this line using
a ruler. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line a. 
Step 2: Measure the distance from point C to the 
line a. Then locate C' the same distance from line a 
on the opposite side.  
Step 3: Repeat Step 2 to locate points D' and F'. 
Then connect the vertices, C', D', and F' to form 
the reflected image.  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point Q to the 
line k. Then locate Q' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points R', S' and 
T'. Then connect the vertices, Q', R', S', and T' to 
form the reflected image.  

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point W to the 
line f . Then locate W' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect the vertices, W', X ', Y' and Z' to 
form the reflected image.  
  

 

ANSWER:  

 

4. SPORTING EVENTS Toru is waiting at a café for 
a friend to bring him a ticket to a sold-out sporting 
event. At what point P along the street should the 
friend try to stop his car to minimize the distance 
Toru will have to walk from the café, to the car, and 
then to the arena entrance? Draw a diagram. 

 

SOLUTION:  
 You are asked to locate a point P on line se such 
that cP + Pe has the least possible value. 
 
The total distance from s to P and then from P to e 
is least when these three points are collinear. Use 
the reflection of point c over the road to find the 
location for point P. 
  
 Draw c'e (or se).  

 
  
Locate P at the intersection of road and line se . 

 
  
Compare the sum cP + Pe for each case to verify 
that the location found for P minimizes this sum. 

ANSWER:  
Sample answer: 

 

Graph  and its image in the given line.

 
5. y  = –2 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line y  = –2. 
  
Vertex A is 3 units up from y  = –2, locate the point 
3 units down from y  = –2. A ' would be (1, –5). 
Vertex B is on the line y  = –2, so B' would be at the
same point (2, –2). 
Vertex C is 4 units up from y  = –2, locate the point 
4 units down from y  = –2. C' would be (7, –6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  
  

 

ANSWER:  

 

6. x = 3 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line x = 3. 
  
Vertex A is 2 units left from x = 3, locate the point 
2 units right from x = 3. A ' would be at (5, 1). 
Vertex B is 1 unit left from  x = 3, locate the point 1
unit right from x = 3. B' would be at (4, –2). 
Vertex C is 4 units right from x = 3, locate the point
4 units left from x = 3. C' would be at (–1, 2). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

Graph each figure and its image under the given
reflection. 

7.  with vertices X(0, 4), Y(–3, 4), and Z(–4, –1) 
in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 
X(0, 4) → X'(0, 4) 
Y(–3, 4) → Y'(3, 4) 
Z(–4, –1) →Z'(4, –1) 
  
Plot the points. Then connect the vertices, X ', Y', 
and Z' to form the reflected image. 
  

 

ANSWER:  

 

8.  QRST with vertices Q(–1, 4), R(4, 4), S(3, 1), and
T(–2, 1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

Q(–1, 4) → Q'(–1, –4) 

R(4, 4) → R'(4, –4) 

S(3, 1) →S'(3, –1) 

T(–2, 1) →T'(–2, –1) 
  
Plot the points. Then connect the vertices, Q', R', S',
and T' to form the reflected image. 
  

 

ANSWER:  

 

9. Given quadrilaterals J(–3, 1), K(–1, 3), L(1, 3), and M
(–3, –1) and its image J'(1, –3), K'(3, –1), L'(3, 1), 
and M'(–1, –3), describe the transformation using 
coordinate notation.  

SOLUTION:  
Plot the points for the preimage and the image. 
  

 
The transformation sends each vertex as follows.
  
J(–3, 1) →  J'(1, –3) 

K(–1, 3) →  K'(3, –1) 

L(1, 3) → L'(3, 1) 

M(–3, –1)  → M'(–1, –3) 
  
That means that (x, y ) → (y , x). 
  
This is the result of a reflection over the y = x .  

ANSWER:  
(x, y ) → (y , x); reflection in the y = x .  

TOOLS Copy the figure and the given line of 
reflection. Then draw the reflected image in this
line using a ruler. 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point X  to the 
line k. Then locate X ' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect the vertices, X ', Y', and Z' to form the 
reflected image.  

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line s. 
Step 2: Measure the distance from point J to the 
line s. Then locate J' the same distance from line s 
on the opposite side.  
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect the vertices J', K', L', and M' to 
form the reflected image.  

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line c. 
Step 2: Measure the distance from point E to the 
line c. Then locate E' the same distance from line c 
on the opposite side.  
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect the vertices, E', F', G' and H' to 
form the reflected image.  

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line t. 
Step 2: Measure the distance from point A  to the 
line t. Then locate A ' the same distance from line t 
on the opposite side.  
Step 3: Repeat Step 2 to locate points B', C' and 
D'. Then connect the vertices, A ', B', C' and D' to 
form the reflected image.  

 

ANSWER:  

 

14.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line w. 
Step 2: Measure the distance from point P to the 
line w. Then locate P' the same distance from line w
on the opposite side.  
Step 3: Repeat Step 2 to locate points Q', R', S', 
T,' and U'. Then connect the vertices P', Q', R', S', 
T', and U' to form the reflected image.  

 

ANSWER:  

 

15.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point V to the 
line f . Then locate V' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect the vertices, V', W', X ', Y' and
Z' to form the reflected image.  

 

ANSWER:  

 

SPORTS When a ball is rolled or struck without
spin against a wall, it bounces off the wall and 
travels in a ray that is the reflected image of the
path of the ball if it had gone straight through 
the wall. Use this information in Exercises 16 
and 17. 

 
16. BILLIARDS Tadeo is playing billiards. He wants to

strike the eight ball with the cue ball so that the eight 
ball bounces off the rail and rolls into the indicated 
pocket. If the eight ball moves with no spin, draw a 
diagram showing the exact point P along the right rail
where the eight ball should hit after being struck by 
the cue ball. 

 

SOLUTION:  
We want to determine where the 8 ball should hit the
rail so that it goes into the side pocket. To do this, we
will need to locate a point P on the rail of the table 
such that P is collinear with the side pocket and the 
reflection of the 8 ball.  
  
Step 1: Locate the reflection of the 8 ball. The rail 
(red line) is equidistant from the 8 ball and the 
reflection. 

 
Step 2: Draw a line from the side pocket to the 
reflection. We now know the line along which the 8 
ball should travel in order to go into the side pocket. 

 
The intersection of the red and blue lines is the 
location of point P. The distance from P to the 8 ball 
and from P to the reflection are equal. 

 

ANSWER:  

 

17. INDOOR SOCCER Abby is playing indoor soccer,
and she wants to hit the ball to point C, but must 
avoid an opposing player at point B. She decides to 
hit the ball at point A so that it bounces off the side 
wall. Draw a diagram that shows the exact point 
along the top wall for which Abby should aim. 

 

SOLUTION:  
You are asked to locate a point P on line k such 
that cP + A'P  has the least possible value. 
 
The total distance from c to P and then from A ' to P
is least when these three points are collinear. Use 
the reflection of point A  in line k to find the location 
for point P. 
  
Draw A 'c . Locate P at the intersection of line k and
line A 'c. 
  
Compare the sum cP + A'P  for each case to verify 
that the location found for P minimizes this sum 

 

ANSWER:  

 

Graph each figure and its image in the given 
line. 

 

 

 
18.  y  = 3 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line y  =
3. 
  
Draw y  = 3. 
  
Vertex A is 5 units up from y  = 3, locate the point 5
units down from y  = 3. A ' would be (–5, –2). 
Vertex B is 2 units up from the y  = 3,  locate the 
point 2 units down from y  = 3. B' would be (–1, 1). 
Vertex C is 3 units down from y  = 3, locate the 
point 3 units up from y  = 3. C' would be (–4, 6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

19.  x = –1 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line x =
–1. 
  
Draw x = –1. 
  
Vertex A is 4 units left from x = –1, locate the point
4 units right from x = –1. A ' would be (3, 8). 
Vertex B is on the line x = –1,  so B' would be (–1, 
5). 
Vertex C is 3 units left from x = –1, locate the point
3 units right from x = –1. C' would be (2, 0). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

20. JKLM; x = 1 

SOLUTION:  
J is (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line x = 1. 
  
Draw the line x = 1. 
  
Vertex J is at 2 units right from x = 1, locate the 
point 2 units left from x = 1. J' would be (–1, 8). 
Vertex K is 5 units right from x = 1, locate the point
5 units left from x = 1. K' would be (–4, 8). 
Vertex L is 5 units right from x = 1, locate the point 
5 units left from x = 1. L' would be (–4, 5). 
Vertex M is on x = 1, so M' would be (1, 2). 
  
Then connect the vertices, J', K', L', and M' to form
the reflected image. 

 

ANSWER:  

 

21. JKLM; y  = 4 

SOLUTION:  
J is at (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line y  = 4. 
  
Draw the line y  = 4. 
  
Vertex J is 4 units up from y  = 4, locate the point 4 
units down from y  = 4. J' would be (3, 0). 
Vertex K is 4 units up from y  = 4, locate the point 4
units down from y  = 4. K' would be (6, 0). 
Vertex L is 1 unit up from y  = 4, locate the point 1 
unit down from y  = 4. L' would be (6, 3). 
Vertex M is 2 units down from y  = 4, locate the 
point 2 units up from y  = 4. M' would be (1, 6). 
  
Then connect the vertices J', K', L', and M' to form 
the reflected image. 

 

ANSWER:  

 

22. WXYZ; y  = –4 

SOLUTION:  
W is at (–2, –2), X  is at (6, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line y  = –4. 
  
Draw the line y  = –4. 
  
Vertex W is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. W' would be (–2, –6). 
Vertex X is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. X ' would be (6, –6). 
Vertex Y is 1 unit down from y  = –4, locate the 
point 1 unit up from y  = –4. Y' would be (4, –3). 
Vertex Z is 3 units down from y  = –4, locate the 
point 3 units up from y  = –4. Z' would be (0, –1). 
  
Then connect the vertices W', X ', Y', and Z' to form 
the reflected image. 
  

 

ANSWER:  

 

23. WXYZ; x = –2 

SOLUTION:  
W is at (–2, –2), X  is at (5, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line x = –2. 
  
Draw the line x = –2. 
  
Vertex W is on x = –2, so W' would be (–2, –2). 
Vertex X is 7 units right from x = –2, locate the 
point 7 units left from x = –2. X ' would be (–9, –2).
Vertex Y is 6 units right from x = –2, locate the 
point 6 units left from x = –2. Y' would be (–8, –5). 
Vertex Z is 2 units right from x = –2, locate the 
point 2 units left from x = –2. Z' would be (–4, –7).
  
Then connect the vertices, W', X ', Y', and Z' to form
the reflected image. 
  

 

ANSWER:  

 

STRUCTURE  Graph each figure and its image 
under the given reflection. 

24. rectangle ABCD with vertices A(–5, 2), B(1, 2), C(1, 
–1), and D(–5, –1) in the line y  = –2 

SOLUTION:  
To reflect over the line  y  = –2, subtract from the y -
coordinate the distance from the y  = –2 line.  
  
(x, y ) → (x, y – distance from y = –2 ) 

A(–5, 2) → Distance: +4, A'(–5, –6) 

B(1, 2) → Distance: +4, B'(1, –6) 

C(1, –1) → Distance: +1, C'(1, –3), 

D(–5, –1) →Distance: +1, D'(–5, –3) 
  
Plot the points. Then connect the vertices, A ', B', 
C', and D' to form the reflected image. 

 

ANSWER:  

 

25. square JKLM  with vertices J(–4, 6), K(0, 6), L(0, 2),
and M (–4, 2) in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 

J(–4, 6) → J'(4, 6) 

K(0, 6), → K'(0, 6) 

L(0, 2) → L'(0, 2) 

M(–4, 2)  → M'(4, 2) 
  
Plot the points. Then connect the vertices, J, K', 
L',and M' to form the reflected image. 

 

ANSWER:  

 

26.  with vertices F(–3, 2), G(–4, –1), and H(–6, 
–1) in the line y  = x 

SOLUTION:  
To reflect over line y  = x, interchange the x- and  y -
coordinates.  
  
(x, y ) → (y, x)  

 F(–3, 2), →   F'(2, –3) 

G(–4, –1) → G'(–1, –4) 

H(–6, –1) → H'(–1, –6) 
  
Plot the points. Then connect the vertices, F', G', 
and H' to form the reflected image. 
  

 

ANSWER:  

 

27.  with vertices W(2, 3), X(7, 3), Y(6, –1), and 

Z(1, –1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

W(2, 3) →  W'(2, –3) 

X(7, 3) → X'(7, –3), 

Y(6, –1) → Y'(6, 1) 

Z(1, –1) →  Z'(1, 1) 
  
Plot the points. Then connect the vertices, W', X ', 
Y',and Z' to form the reflected image. 
  

 

ANSWER:  

 

Given each figure and image, describe the 
transformation using coordinate notation. 

28. P(–1, 4), Q(2, 4), R(1, –1), and S(–1, –1) and P'(1, 
4), Q'(–2, 4), R'(–1, –1), and S'(1, –1)  

SOLUTION:  
Plot the points for the figure and its image.  

 
Compare the coordinates. 
  
P(–1, 4) →  P'(1, 4) 

Q(2, 4) → Q'(–2, 4) 

R(1, –1) → R'(–1, –1) 

S(–1, –1) →  S'(1, –1) 

To get from the figure to its image each (x, y ) → (–
x, y ). 
This means a reflection in the y -axis.  

ANSWER:  
(x, y ) → (–x, y ); reflection in the y -axis 

29. S(–3, –2), T(–2, 3), and U(2, 2) and S'(–2, –3), T'(3, 
–2), and U'(2, 2) 

SOLUTION:  
Plot the points for the figure and its image.  
  

 
  
Compare the coordinates. 
  
S(–3, –2) → S'(–2 –3) 

T(–2, 3) → T'(3, –2) 

U(2, 2) → U'(2, 2) 
Each vertex is transformed by (x, y ) → (y , x). 
This is a reflection in the line y  = x, interchange the 
x- and  y -coordinates.  

ANSWER:  
(x, y ) → (y , x); reflection in the line y  = x 

Each figure shows a preimage and its reflected 
image in some line. Copy each figure and draw 
the line of reflection. 

30.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

31.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  

 

ANSWER:  

 

32.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

CONSTRUCTION To construct the reflection 
of a figure in a line using only a compass and a 
straightedge, 
you can use: 
• the construction of a line perpendicular to a 
given line through a point not on the line 
(Lesson 1-5), and 
• the construction of a segment congruent to a 
given segment (Lesson 1-2). 

 
TOOLS  Copy each figure and the given line of 
reflection. Then construct the reflected image. 

33.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at B 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from B to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
A and C. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

34.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at K 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from K to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
J and L. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
  
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

35. ARCHITECTURE Refer to the photo of the 
building on page 227.  
a. Identify the line of reflection.  
b. Identify the preimage/image pairs. Assume that 
architectural features on the left-hand side of the 
picture represent the preimages. 

SOLUTION:  

a. is the line of reflection because each point to
its left matches a point to its right.  
b. A and C, D and F,  and ,  and .  

ANSWER:  

a.  

b. A and C, D and F,  and ,  and .  

ALGEBRA Graph the line y  = 2x – 3 and its 
reflected image in the given line. What is the 
equation of the reflected image? 

36. x-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the x-axis, the x-intercept will 
be the same in the reflection. Use the y-intercept to 
find a second point on the reflected line. Since the y-
intercept is –3,  the y-intercept of the reflected line 
will be 3.  
  
Use (1.5, 0) and (0, 3) to write an equation for the 
reflected line.  
  

 
  

 
  

 

ANSWER:  

 

37. y-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y-axis, the y-intercept will 
be the same in the reflection. Use the x-intercept to 
find a second point on the reflected line. Since the x-
intercept is 1.5,  the x-intercept of the reflected line 
will be –1.5.  
  
Use (–1.5, 0) and (0, –3) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

38. y  = x 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y = x line, the x- and y-
coordinates are switched. Switch the coordinates for 
the intercepts.  The y-intercept is (0, –3), so x-
intercept of the reflected line would be (–3, 0). The 
x-intercept is (1.5, 0), so y-intercept of the reflected 
line would be (0, 1.5) 
  
Use (0, 1.5) and (–3, 0) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

39. Reflect  shown below in the line y  = 3x. 

 

SOLUTION:  
Each vertex and its image will be equidistant from y  
= 3x. To estimate the placement of the images of 
each vertex, first find the equation of the lines 
perpendicular to y  = 3x that pass through each 

vertex. Each of these lines will have the slope , 

which is the negative reciprocal of the slope in y  = 
3x. 
  
Vertex C(-3, 6) 

 
Graph this line. Use a ruler to find the distance 
between C(-3, 6) and the point of intersection with 
the line of reflection. Mark C' an equal distance 
along this line. 
  
Vertex D(-1, 1) 

 
Graph this line. Use a ruler to find the distance 
between D(-1, 1) and the point of intersection with 
the line of reflection. Mark D' an equal distance 
along this line. 
  
Vertex E(3, 5) 

 
Graph this line. Use a ruler to find the distance 
between E(3, 5) and the point of intersection with 
the line of reflection. Mark E' an equal distance 
along this line. 
Connect the vertices, C', D', and E' to form the 
reflected image. 

 
  

 

ANSWER:  

 

40. Relocate vertex C so that ABCDE is convex, and all 
sides remain the same length. 

 

SOLUTION:  
If you reflect vertex C over the BD line, the figure 
would become convex.  

 

ANSWER:  

 

ALGEBRA Graph the reflection of each 
function in the given line. Then write the 
equation of the reflected image. 

41. x-axis 

 

SOLUTION:  
To reflect a point in the x-axis, multiply its y -
coordinate by –1.  
  
To reflect   in the x-axis multiply by –
1.  

 

ANSWER:  

 

42. y-axis 

 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
To reflect  over the y -axis, multiply x 
by –1. The reflected equation will then be 

. 

  
  

 

Copy the figure and the given line of reflection. 
Then draw the reflected image in this line using
a ruler. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line a. 
Step 2: Measure the distance from point C to the 
line a. Then locate C' the same distance from line a 
on the opposite side.  
Step 3: Repeat Step 2 to locate points D' and F'. 
Then connect the vertices, C', D', and F' to form 
the reflected image.  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point Q to the 
line k. Then locate Q' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points R', S' and 
T'. Then connect the vertices, Q', R', S', and T' to 
form the reflected image.  

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point W to the 
line f . Then locate W' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect the vertices, W', X ', Y' and Z' to 
form the reflected image.  
  

 

ANSWER:  

 

4. SPORTING EVENTS Toru is waiting at a café for 
a friend to bring him a ticket to a sold-out sporting 
event. At what point P along the street should the 
friend try to stop his car to minimize the distance 
Toru will have to walk from the café, to the car, and 
then to the arena entrance? Draw a diagram. 

 

SOLUTION:  
 You are asked to locate a point P on line se such 
that cP + Pe has the least possible value. 
 
The total distance from s to P and then from P to e 
is least when these three points are collinear. Use 
the reflection of point c over the road to find the 
location for point P. 
  
 Draw c'e (or se).  

 
  
Locate P at the intersection of road and line se . 

 
  
Compare the sum cP + Pe for each case to verify 
that the location found for P minimizes this sum. 

ANSWER:  
Sample answer: 

 

Graph  and its image in the given line.

 
5. y  = –2 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line y  = –2. 
  
Vertex A is 3 units up from y  = –2, locate the point 
3 units down from y  = –2. A ' would be (1, –5). 
Vertex B is on the line y  = –2, so B' would be at the
same point (2, –2). 
Vertex C is 4 units up from y  = –2, locate the point 
4 units down from y  = –2. C' would be (7, –6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  
  

 

ANSWER:  

 

6. x = 3 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line x = 3. 
  
Vertex A is 2 units left from x = 3, locate the point 
2 units right from x = 3. A ' would be at (5, 1). 
Vertex B is 1 unit left from  x = 3, locate the point 1
unit right from x = 3. B' would be at (4, –2). 
Vertex C is 4 units right from x = 3, locate the point
4 units left from x = 3. C' would be at (–1, 2). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

Graph each figure and its image under the given
reflection. 

7.  with vertices X(0, 4), Y(–3, 4), and Z(–4, –1) 
in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 
X(0, 4) → X'(0, 4) 
Y(–3, 4) → Y'(3, 4) 
Z(–4, –1) →Z'(4, –1) 
  
Plot the points. Then connect the vertices, X ', Y', 
and Z' to form the reflected image. 
  

 

ANSWER:  

 

8.  QRST with vertices Q(–1, 4), R(4, 4), S(3, 1), and
T(–2, 1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

Q(–1, 4) → Q'(–1, –4) 

R(4, 4) → R'(4, –4) 

S(3, 1) →S'(3, –1) 

T(–2, 1) →T'(–2, –1) 
  
Plot the points. Then connect the vertices, Q', R', S',
and T' to form the reflected image. 
  

 

ANSWER:  

 

9. Given quadrilaterals J(–3, 1), K(–1, 3), L(1, 3), and M
(–3, –1) and its image J'(1, –3), K'(3, –1), L'(3, 1), 
and M'(–1, –3), describe the transformation using 
coordinate notation.  

SOLUTION:  
Plot the points for the preimage and the image. 
  

 
The transformation sends each vertex as follows.
  
J(–3, 1) →  J'(1, –3) 

K(–1, 3) →  K'(3, –1) 

L(1, 3) → L'(3, 1) 

M(–3, –1)  → M'(–1, –3) 
  
That means that (x, y ) → (y , x). 
  
This is the result of a reflection over the y = x .  

ANSWER:  
(x, y ) → (y , x); reflection in the y = x .  

TOOLS Copy the figure and the given line of 
reflection. Then draw the reflected image in this
line using a ruler. 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point X  to the 
line k. Then locate X ' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect the vertices, X ', Y', and Z' to form the 
reflected image.  

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line s. 
Step 2: Measure the distance from point J to the 
line s. Then locate J' the same distance from line s 
on the opposite side.  
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect the vertices J', K', L', and M' to 
form the reflected image.  

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line c. 
Step 2: Measure the distance from point E to the 
line c. Then locate E' the same distance from line c 
on the opposite side.  
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect the vertices, E', F', G' and H' to 
form the reflected image.  

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line t. 
Step 2: Measure the distance from point A  to the 
line t. Then locate A ' the same distance from line t 
on the opposite side.  
Step 3: Repeat Step 2 to locate points B', C' and 
D'. Then connect the vertices, A ', B', C' and D' to 
form the reflected image.  

 

ANSWER:  

 

14.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line w. 
Step 2: Measure the distance from point P to the 
line w. Then locate P' the same distance from line w
on the opposite side.  
Step 3: Repeat Step 2 to locate points Q', R', S', 
T,' and U'. Then connect the vertices P', Q', R', S', 
T', and U' to form the reflected image.  

 

ANSWER:  

 

15.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point V to the 
line f . Then locate V' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect the vertices, V', W', X ', Y' and
Z' to form the reflected image.  

 

ANSWER:  

 

SPORTS When a ball is rolled or struck without
spin against a wall, it bounces off the wall and 
travels in a ray that is the reflected image of the
path of the ball if it had gone straight through 
the wall. Use this information in Exercises 16 
and 17. 

 
16. BILLIARDS Tadeo is playing billiards. He wants to

strike the eight ball with the cue ball so that the eight 
ball bounces off the rail and rolls into the indicated 
pocket. If the eight ball moves with no spin, draw a 
diagram showing the exact point P along the right rail
where the eight ball should hit after being struck by 
the cue ball. 

 

SOLUTION:  
We want to determine where the 8 ball should hit the
rail so that it goes into the side pocket. To do this, we
will need to locate a point P on the rail of the table 
such that P is collinear with the side pocket and the 
reflection of the 8 ball.  
  
Step 1: Locate the reflection of the 8 ball. The rail 
(red line) is equidistant from the 8 ball and the 
reflection. 

 
Step 2: Draw a line from the side pocket to the 
reflection. We now know the line along which the 8 
ball should travel in order to go into the side pocket. 

 
The intersection of the red and blue lines is the 
location of point P. The distance from P to the 8 ball 
and from P to the reflection are equal. 

 

ANSWER:  

 

17. INDOOR SOCCER Abby is playing indoor soccer,
and she wants to hit the ball to point C, but must 
avoid an opposing player at point B. She decides to 
hit the ball at point A so that it bounces off the side 
wall. Draw a diagram that shows the exact point 
along the top wall for which Abby should aim. 

 

SOLUTION:  
You are asked to locate a point P on line k such 
that cP + A'P  has the least possible value. 
 
The total distance from c to P and then from A ' to P
is least when these three points are collinear. Use 
the reflection of point A  in line k to find the location 
for point P. 
  
Draw A 'c . Locate P at the intersection of line k and
line A 'c. 
  
Compare the sum cP + A'P  for each case to verify 
that the location found for P minimizes this sum 

 

ANSWER:  

 

Graph each figure and its image in the given 
line. 

 

 

 
18.  y  = 3 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line y  =
3. 
  
Draw y  = 3. 
  
Vertex A is 5 units up from y  = 3, locate the point 5
units down from y  = 3. A ' would be (–5, –2). 
Vertex B is 2 units up from the y  = 3,  locate the 
point 2 units down from y  = 3. B' would be (–1, 1). 
Vertex C is 3 units down from y  = 3, locate the 
point 3 units up from y  = 3. C' would be (–4, 6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

19.  x = –1 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line x =
–1. 
  
Draw x = –1. 
  
Vertex A is 4 units left from x = –1, locate the point
4 units right from x = –1. A ' would be (3, 8). 
Vertex B is on the line x = –1,  so B' would be (–1, 
5). 
Vertex C is 3 units left from x = –1, locate the point
3 units right from x = –1. C' would be (2, 0). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

20. JKLM; x = 1 

SOLUTION:  
J is (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line x = 1. 
  
Draw the line x = 1. 
  
Vertex J is at 2 units right from x = 1, locate the 
point 2 units left from x = 1. J' would be (–1, 8). 
Vertex K is 5 units right from x = 1, locate the point
5 units left from x = 1. K' would be (–4, 8). 
Vertex L is 5 units right from x = 1, locate the point 
5 units left from x = 1. L' would be (–4, 5). 
Vertex M is on x = 1, so M' would be (1, 2). 
  
Then connect the vertices, J', K', L', and M' to form
the reflected image. 

 

ANSWER:  

 

21. JKLM; y  = 4 

SOLUTION:  
J is at (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line y  = 4. 
  
Draw the line y  = 4. 
  
Vertex J is 4 units up from y  = 4, locate the point 4 
units down from y  = 4. J' would be (3, 0). 
Vertex K is 4 units up from y  = 4, locate the point 4
units down from y  = 4. K' would be (6, 0). 
Vertex L is 1 unit up from y  = 4, locate the point 1 
unit down from y  = 4. L' would be (6, 3). 
Vertex M is 2 units down from y  = 4, locate the 
point 2 units up from y  = 4. M' would be (1, 6). 
  
Then connect the vertices J', K', L', and M' to form 
the reflected image. 

 

ANSWER:  

 

22. WXYZ; y  = –4 

SOLUTION:  
W is at (–2, –2), X  is at (6, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line y  = –4. 
  
Draw the line y  = –4. 
  
Vertex W is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. W' would be (–2, –6). 
Vertex X is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. X ' would be (6, –6). 
Vertex Y is 1 unit down from y  = –4, locate the 
point 1 unit up from y  = –4. Y' would be (4, –3). 
Vertex Z is 3 units down from y  = –4, locate the 
point 3 units up from y  = –4. Z' would be (0, –1). 
  
Then connect the vertices W', X ', Y', and Z' to form 
the reflected image. 
  

 

ANSWER:  

 

23. WXYZ; x = –2 

SOLUTION:  
W is at (–2, –2), X  is at (5, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line x = –2. 
  
Draw the line x = –2. 
  
Vertex W is on x = –2, so W' would be (–2, –2). 
Vertex X is 7 units right from x = –2, locate the 
point 7 units left from x = –2. X ' would be (–9, –2).
Vertex Y is 6 units right from x = –2, locate the 
point 6 units left from x = –2. Y' would be (–8, –5). 
Vertex Z is 2 units right from x = –2, locate the 
point 2 units left from x = –2. Z' would be (–4, –7).
  
Then connect the vertices, W', X ', Y', and Z' to form
the reflected image. 
  

 

ANSWER:  

 

STRUCTURE  Graph each figure and its image 
under the given reflection. 

24. rectangle ABCD with vertices A(–5, 2), B(1, 2), C(1, 
–1), and D(–5, –1) in the line y  = –2 

SOLUTION:  
To reflect over the line  y  = –2, subtract from the y -
coordinate the distance from the y  = –2 line.  
  
(x, y ) → (x, y – distance from y = –2 ) 

A(–5, 2) → Distance: +4, A'(–5, –6) 

B(1, 2) → Distance: +4, B'(1, –6) 

C(1, –1) → Distance: +1, C'(1, –3), 

D(–5, –1) →Distance: +1, D'(–5, –3) 
  
Plot the points. Then connect the vertices, A ', B', 
C', and D' to form the reflected image. 

 

ANSWER:  

 

25. square JKLM  with vertices J(–4, 6), K(0, 6), L(0, 2),
and M (–4, 2) in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 

J(–4, 6) → J'(4, 6) 

K(0, 6), → K'(0, 6) 

L(0, 2) → L'(0, 2) 

M(–4, 2)  → M'(4, 2) 
  
Plot the points. Then connect the vertices, J, K', 
L',and M' to form the reflected image. 

 

ANSWER:  

 

26.  with vertices F(–3, 2), G(–4, –1), and H(–6, 
–1) in the line y  = x 

SOLUTION:  
To reflect over line y  = x, interchange the x- and  y -
coordinates.  
  
(x, y ) → (y, x)  

 F(–3, 2), →   F'(2, –3) 

G(–4, –1) → G'(–1, –4) 

H(–6, –1) → H'(–1, –6) 
  
Plot the points. Then connect the vertices, F', G', 
and H' to form the reflected image. 
  

 

ANSWER:  

 

27.  with vertices W(2, 3), X(7, 3), Y(6, –1), and 

Z(1, –1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

W(2, 3) →  W'(2, –3) 

X(7, 3) → X'(7, –3), 

Y(6, –1) → Y'(6, 1) 

Z(1, –1) →  Z'(1, 1) 
  
Plot the points. Then connect the vertices, W', X ', 
Y',and Z' to form the reflected image. 
  

 

ANSWER:  

 

Given each figure and image, describe the 
transformation using coordinate notation. 

28. P(–1, 4), Q(2, 4), R(1, –1), and S(–1, –1) and P'(1, 
4), Q'(–2, 4), R'(–1, –1), and S'(1, –1)  

SOLUTION:  
Plot the points for the figure and its image.  

 
Compare the coordinates. 
  
P(–1, 4) →  P'(1, 4) 

Q(2, 4) → Q'(–2, 4) 

R(1, –1) → R'(–1, –1) 

S(–1, –1) →  S'(1, –1) 

To get from the figure to its image each (x, y ) → (–
x, y ). 
This means a reflection in the y -axis.  

ANSWER:  
(x, y ) → (–x, y ); reflection in the y -axis 

29. S(–3, –2), T(–2, 3), and U(2, 2) and S'(–2, –3), T'(3, 
–2), and U'(2, 2) 

SOLUTION:  
Plot the points for the figure and its image.  
  

 
  
Compare the coordinates. 
  
S(–3, –2) → S'(–2 –3) 

T(–2, 3) → T'(3, –2) 

U(2, 2) → U'(2, 2) 
Each vertex is transformed by (x, y ) → (y , x). 
This is a reflection in the line y  = x, interchange the 
x- and  y -coordinates.  

ANSWER:  
(x, y ) → (y , x); reflection in the line y  = x 

Each figure shows a preimage and its reflected 
image in some line. Copy each figure and draw 
the line of reflection. 

30.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

31.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  

 

ANSWER:  

 

32.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

CONSTRUCTION To construct the reflection 
of a figure in a line using only a compass and a 
straightedge, 
you can use: 
• the construction of a line perpendicular to a 
given line through a point not on the line 
(Lesson 1-5), and 
• the construction of a segment congruent to a 
given segment (Lesson 1-2). 

 
TOOLS  Copy each figure and the given line of 
reflection. Then construct the reflected image. 

33.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at B 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from B to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
A and C. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

34.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at K 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from K to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
J and L. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
  
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

35. ARCHITECTURE Refer to the photo of the 
building on page 227.  
a. Identify the line of reflection.  
b. Identify the preimage/image pairs. Assume that 
architectural features on the left-hand side of the 
picture represent the preimages. 

SOLUTION:  

a. is the line of reflection because each point to
its left matches a point to its right.  
b. A and C, D and F,  and ,  and .  

ANSWER:  

a.  

b. A and C, D and F,  and ,  and .  

ALGEBRA Graph the line y  = 2x – 3 and its 
reflected image in the given line. What is the 
equation of the reflected image? 

36. x-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the x-axis, the x-intercept will 
be the same in the reflection. Use the y-intercept to 
find a second point on the reflected line. Since the y-
intercept is –3,  the y-intercept of the reflected line 
will be 3.  
  
Use (1.5, 0) and (0, 3) to write an equation for the 
reflected line.  
  

 
  

 
  

 

ANSWER:  

 

37. y-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y-axis, the y-intercept will 
be the same in the reflection. Use the x-intercept to 
find a second point on the reflected line. Since the x-
intercept is 1.5,  the x-intercept of the reflected line 
will be –1.5.  
  
Use (–1.5, 0) and (0, –3) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

38. y  = x 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y = x line, the x- and y-
coordinates are switched. Switch the coordinates for 
the intercepts.  The y-intercept is (0, –3), so x-
intercept of the reflected line would be (–3, 0). The 
x-intercept is (1.5, 0), so y-intercept of the reflected 
line would be (0, 1.5) 
  
Use (0, 1.5) and (–3, 0) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

39. Reflect  shown below in the line y  = 3x. 

 

SOLUTION:  
Each vertex and its image will be equidistant from y  
= 3x. To estimate the placement of the images of 
each vertex, first find the equation of the lines 
perpendicular to y  = 3x that pass through each 

vertex. Each of these lines will have the slope , 

which is the negative reciprocal of the slope in y  = 
3x. 
  
Vertex C(-3, 6) 

 
Graph this line. Use a ruler to find the distance 
between C(-3, 6) and the point of intersection with 
the line of reflection. Mark C' an equal distance 
along this line. 
  
Vertex D(-1, 1) 

 
Graph this line. Use a ruler to find the distance 
between D(-1, 1) and the point of intersection with 
the line of reflection. Mark D' an equal distance 
along this line. 
  
Vertex E(3, 5) 

 
Graph this line. Use a ruler to find the distance 
between E(3, 5) and the point of intersection with 
the line of reflection. Mark E' an equal distance 
along this line. 
Connect the vertices, C', D', and E' to form the 
reflected image. 

 
  

 

ANSWER:  

 

40. Relocate vertex C so that ABCDE is convex, and all 
sides remain the same length. 

 

SOLUTION:  
If you reflect vertex C over the BD line, the figure 
would become convex.  

 

ANSWER:  

 

ALGEBRA Graph the reflection of each 
function in the given line. Then write the 
equation of the reflected image. 

41. x-axis 

 

SOLUTION:  
To reflect a point in the x-axis, multiply its y -
coordinate by –1.  
  
To reflect   in the x-axis multiply by –
1.  

 

ANSWER:  

 

42. y-axis 

 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
To reflect  over the y -axis, multiply x 
by –1. The reflected equation will then be 

. 
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Copy the figure and the given line of reflection. 
Then draw the reflected image in this line using
a ruler. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line a. 
Step 2: Measure the distance from point C to the 
line a. Then locate C' the same distance from line a 
on the opposite side.  
Step 3: Repeat Step 2 to locate points D' and F'. 
Then connect the vertices, C', D', and F' to form 
the reflected image.  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point Q to the 
line k. Then locate Q' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points R', S' and 
T'. Then connect the vertices, Q', R', S', and T' to 
form the reflected image.  

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point W to the 
line f . Then locate W' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect the vertices, W', X ', Y' and Z' to 
form the reflected image.  
  

 

ANSWER:  

 

4. SPORTING EVENTS Toru is waiting at a café for 
a friend to bring him a ticket to a sold-out sporting 
event. At what point P along the street should the 
friend try to stop his car to minimize the distance 
Toru will have to walk from the café, to the car, and 
then to the arena entrance? Draw a diagram. 

 

SOLUTION:  
 You are asked to locate a point P on line se such 
that cP + Pe has the least possible value. 
 
The total distance from s to P and then from P to e 
is least when these three points are collinear. Use 
the reflection of point c over the road to find the 
location for point P. 
  
 Draw c'e (or se).  

 
  
Locate P at the intersection of road and line se . 

 
  
Compare the sum cP + Pe for each case to verify 
that the location found for P minimizes this sum. 

ANSWER:  
Sample answer: 

 

Graph  and its image in the given line.

 
5. y  = –2 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line y  = –2. 
  
Vertex A is 3 units up from y  = –2, locate the point 
3 units down from y  = –2. A ' would be (1, –5). 
Vertex B is on the line y  = –2, so B' would be at the
same point (2, –2). 
Vertex C is 4 units up from y  = –2, locate the point 
4 units down from y  = –2. C' would be (7, –6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  
  

 

ANSWER:  

 

6. x = 3 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line x = 3. 
  
Vertex A is 2 units left from x = 3, locate the point 
2 units right from x = 3. A ' would be at (5, 1). 
Vertex B is 1 unit left from  x = 3, locate the point 1
unit right from x = 3. B' would be at (4, –2). 
Vertex C is 4 units right from x = 3, locate the point
4 units left from x = 3. C' would be at (–1, 2). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

Graph each figure and its image under the given
reflection. 

7.  with vertices X(0, 4), Y(–3, 4), and Z(–4, –1) 
in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 
X(0, 4) → X'(0, 4) 
Y(–3, 4) → Y'(3, 4) 
Z(–4, –1) →Z'(4, –1) 
  
Plot the points. Then connect the vertices, X ', Y', 
and Z' to form the reflected image. 
  

 

ANSWER:  

 

8.  QRST with vertices Q(–1, 4), R(4, 4), S(3, 1), and
T(–2, 1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

Q(–1, 4) → Q'(–1, –4) 

R(4, 4) → R'(4, –4) 

S(3, 1) →S'(3, –1) 

T(–2, 1) →T'(–2, –1) 
  
Plot the points. Then connect the vertices, Q', R', S',
and T' to form the reflected image. 
  

 

ANSWER:  

 

9. Given quadrilaterals J(–3, 1), K(–1, 3), L(1, 3), and M
(–3, –1) and its image J'(1, –3), K'(3, –1), L'(3, 1), 
and M'(–1, –3), describe the transformation using 
coordinate notation.  

SOLUTION:  
Plot the points for the preimage and the image. 
  

 
The transformation sends each vertex as follows.
  
J(–3, 1) →  J'(1, –3) 

K(–1, 3) →  K'(3, –1) 

L(1, 3) → L'(3, 1) 

M(–3, –1)  → M'(–1, –3) 
  
That means that (x, y ) → (y , x). 
  
This is the result of a reflection over the y = x .  

ANSWER:  
(x, y ) → (y , x); reflection in the y = x .  

TOOLS Copy the figure and the given line of 
reflection. Then draw the reflected image in this
line using a ruler. 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point X  to the 
line k. Then locate X ' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect the vertices, X ', Y', and Z' to form the 
reflected image.  

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line s. 
Step 2: Measure the distance from point J to the 
line s. Then locate J' the same distance from line s 
on the opposite side.  
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect the vertices J', K', L', and M' to 
form the reflected image.  

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line c. 
Step 2: Measure the distance from point E to the 
line c. Then locate E' the same distance from line c 
on the opposite side.  
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect the vertices, E', F', G' and H' to 
form the reflected image.  

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line t. 
Step 2: Measure the distance from point A  to the 
line t. Then locate A ' the same distance from line t 
on the opposite side.  
Step 3: Repeat Step 2 to locate points B', C' and 
D'. Then connect the vertices, A ', B', C' and D' to 
form the reflected image.  

 

ANSWER:  

 

14.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line w. 
Step 2: Measure the distance from point P to the 
line w. Then locate P' the same distance from line w
on the opposite side.  
Step 3: Repeat Step 2 to locate points Q', R', S', 
T,' and U'. Then connect the vertices P', Q', R', S', 
T', and U' to form the reflected image.  

 

ANSWER:  

 

15.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point V to the 
line f . Then locate V' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect the vertices, V', W', X ', Y' and
Z' to form the reflected image.  

 

ANSWER:  

 

SPORTS When a ball is rolled or struck without
spin against a wall, it bounces off the wall and 
travels in a ray that is the reflected image of the
path of the ball if it had gone straight through 
the wall. Use this information in Exercises 16 
and 17. 

 
16. BILLIARDS Tadeo is playing billiards. He wants to

strike the eight ball with the cue ball so that the eight 
ball bounces off the rail and rolls into the indicated 
pocket. If the eight ball moves with no spin, draw a 
diagram showing the exact point P along the right rail
where the eight ball should hit after being struck by 
the cue ball. 

 

SOLUTION:  
We want to determine where the 8 ball should hit the
rail so that it goes into the side pocket. To do this, we
will need to locate a point P on the rail of the table 
such that P is collinear with the side pocket and the 
reflection of the 8 ball.  
  
Step 1: Locate the reflection of the 8 ball. The rail 
(red line) is equidistant from the 8 ball and the 
reflection. 

 
Step 2: Draw a line from the side pocket to the 
reflection. We now know the line along which the 8 
ball should travel in order to go into the side pocket. 

 
The intersection of the red and blue lines is the 
location of point P. The distance from P to the 8 ball 
and from P to the reflection are equal. 

 

ANSWER:  

 

17. INDOOR SOCCER Abby is playing indoor soccer,
and she wants to hit the ball to point C, but must 
avoid an opposing player at point B. She decides to 
hit the ball at point A so that it bounces off the side 
wall. Draw a diagram that shows the exact point 
along the top wall for which Abby should aim. 

 

SOLUTION:  
You are asked to locate a point P on line k such 
that cP + A'P  has the least possible value. 
 
The total distance from c to P and then from A ' to P
is least when these three points are collinear. Use 
the reflection of point A  in line k to find the location 
for point P. 
  
Draw A 'c . Locate P at the intersection of line k and
line A 'c. 
  
Compare the sum cP + A'P  for each case to verify 
that the location found for P minimizes this sum 

 

ANSWER:  

 

Graph each figure and its image in the given 
line. 

 

 

 
18.  y  = 3 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line y  =
3. 
  
Draw y  = 3. 
  
Vertex A is 5 units up from y  = 3, locate the point 5
units down from y  = 3. A ' would be (–5, –2). 
Vertex B is 2 units up from the y  = 3,  locate the 
point 2 units down from y  = 3. B' would be (–1, 1). 
Vertex C is 3 units down from y  = 3, locate the 
point 3 units up from y  = 3. C' would be (–4, 6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

19.  x = –1 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line x =
–1. 
  
Draw x = –1. 
  
Vertex A is 4 units left from x = –1, locate the point
4 units right from x = –1. A ' would be (3, 8). 
Vertex B is on the line x = –1,  so B' would be (–1, 
5). 
Vertex C is 3 units left from x = –1, locate the point
3 units right from x = –1. C' would be (2, 0). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

20. JKLM; x = 1 

SOLUTION:  
J is (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line x = 1. 
  
Draw the line x = 1. 
  
Vertex J is at 2 units right from x = 1, locate the 
point 2 units left from x = 1. J' would be (–1, 8). 
Vertex K is 5 units right from x = 1, locate the point
5 units left from x = 1. K' would be (–4, 8). 
Vertex L is 5 units right from x = 1, locate the point 
5 units left from x = 1. L' would be (–4, 5). 
Vertex M is on x = 1, so M' would be (1, 2). 
  
Then connect the vertices, J', K', L', and M' to form
the reflected image. 

 

ANSWER:  

 

21. JKLM; y  = 4 

SOLUTION:  
J is at (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line y  = 4. 
  
Draw the line y  = 4. 
  
Vertex J is 4 units up from y  = 4, locate the point 4 
units down from y  = 4. J' would be (3, 0). 
Vertex K is 4 units up from y  = 4, locate the point 4
units down from y  = 4. K' would be (6, 0). 
Vertex L is 1 unit up from y  = 4, locate the point 1 
unit down from y  = 4. L' would be (6, 3). 
Vertex M is 2 units down from y  = 4, locate the 
point 2 units up from y  = 4. M' would be (1, 6). 
  
Then connect the vertices J', K', L', and M' to form 
the reflected image. 

 

ANSWER:  

 

22. WXYZ; y  = –4 

SOLUTION:  
W is at (–2, –2), X  is at (6, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line y  = –4. 
  
Draw the line y  = –4. 
  
Vertex W is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. W' would be (–2, –6). 
Vertex X is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. X ' would be (6, –6). 
Vertex Y is 1 unit down from y  = –4, locate the 
point 1 unit up from y  = –4. Y' would be (4, –3). 
Vertex Z is 3 units down from y  = –4, locate the 
point 3 units up from y  = –4. Z' would be (0, –1). 
  
Then connect the vertices W', X ', Y', and Z' to form 
the reflected image. 
  

 

ANSWER:  

 

23. WXYZ; x = –2 

SOLUTION:  
W is at (–2, –2), X  is at (5, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line x = –2. 
  
Draw the line x = –2. 
  
Vertex W is on x = –2, so W' would be (–2, –2). 
Vertex X is 7 units right from x = –2, locate the 
point 7 units left from x = –2. X ' would be (–9, –2).
Vertex Y is 6 units right from x = –2, locate the 
point 6 units left from x = –2. Y' would be (–8, –5). 
Vertex Z is 2 units right from x = –2, locate the 
point 2 units left from x = –2. Z' would be (–4, –7).
  
Then connect the vertices, W', X ', Y', and Z' to form
the reflected image. 
  

 

ANSWER:  

 

STRUCTURE  Graph each figure and its image 
under the given reflection. 

24. rectangle ABCD with vertices A(–5, 2), B(1, 2), C(1, 
–1), and D(–5, –1) in the line y  = –2 

SOLUTION:  
To reflect over the line  y  = –2, subtract from the y -
coordinate the distance from the y  = –2 line.  
  
(x, y ) → (x, y – distance from y = –2 ) 

A(–5, 2) → Distance: +4, A'(–5, –6) 

B(1, 2) → Distance: +4, B'(1, –6) 

C(1, –1) → Distance: +1, C'(1, –3), 

D(–5, –1) →Distance: +1, D'(–5, –3) 
  
Plot the points. Then connect the vertices, A ', B', 
C', and D' to form the reflected image. 

 

ANSWER:  

 

25. square JKLM  with vertices J(–4, 6), K(0, 6), L(0, 2),
and M (–4, 2) in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 

J(–4, 6) → J'(4, 6) 

K(0, 6), → K'(0, 6) 

L(0, 2) → L'(0, 2) 

M(–4, 2)  → M'(4, 2) 
  
Plot the points. Then connect the vertices, J, K', 
L',and M' to form the reflected image. 

 

ANSWER:  

 

26.  with vertices F(–3, 2), G(–4, –1), and H(–6, 
–1) in the line y  = x 

SOLUTION:  
To reflect over line y  = x, interchange the x- and  y -
coordinates.  
  
(x, y ) → (y, x)  

 F(–3, 2), →   F'(2, –3) 

G(–4, –1) → G'(–1, –4) 

H(–6, –1) → H'(–1, –6) 
  
Plot the points. Then connect the vertices, F', G', 
and H' to form the reflected image. 
  

 

ANSWER:  

 

27.  with vertices W(2, 3), X(7, 3), Y(6, –1), and 

Z(1, –1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

W(2, 3) →  W'(2, –3) 

X(7, 3) → X'(7, –3), 

Y(6, –1) → Y'(6, 1) 

Z(1, –1) →  Z'(1, 1) 
  
Plot the points. Then connect the vertices, W', X ', 
Y',and Z' to form the reflected image. 
  

 

ANSWER:  

 

Given each figure and image, describe the 
transformation using coordinate notation. 

28. P(–1, 4), Q(2, 4), R(1, –1), and S(–1, –1) and P'(1, 
4), Q'(–2, 4), R'(–1, –1), and S'(1, –1)  

SOLUTION:  
Plot the points for the figure and its image.  

 
Compare the coordinates. 
  
P(–1, 4) →  P'(1, 4) 

Q(2, 4) → Q'(–2, 4) 

R(1, –1) → R'(–1, –1) 

S(–1, –1) →  S'(1, –1) 

To get from the figure to its image each (x, y ) → (–
x, y ). 
This means a reflection in the y -axis.  

ANSWER:  
(x, y ) → (–x, y ); reflection in the y -axis 

29. S(–3, –2), T(–2, 3), and U(2, 2) and S'(–2, –3), T'(3, 
–2), and U'(2, 2) 

SOLUTION:  
Plot the points for the figure and its image.  
  

 
  
Compare the coordinates. 
  
S(–3, –2) → S'(–2 –3) 

T(–2, 3) → T'(3, –2) 

U(2, 2) → U'(2, 2) 
Each vertex is transformed by (x, y ) → (y , x). 
This is a reflection in the line y  = x, interchange the 
x- and  y -coordinates.  

ANSWER:  
(x, y ) → (y , x); reflection in the line y  = x 

Each figure shows a preimage and its reflected 
image in some line. Copy each figure and draw 
the line of reflection. 

30.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

31.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  

 

ANSWER:  

 

32.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

CONSTRUCTION To construct the reflection 
of a figure in a line using only a compass and a 
straightedge, 
you can use: 
• the construction of a line perpendicular to a 
given line through a point not on the line 
(Lesson 1-5), and 
• the construction of a segment congruent to a 
given segment (Lesson 1-2). 

 
TOOLS  Copy each figure and the given line of 
reflection. Then construct the reflected image. 

33.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at B 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from B to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
A and C. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

34.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at K 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from K to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
J and L. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
  
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

35. ARCHITECTURE Refer to the photo of the 
building on page 227.  
a. Identify the line of reflection.  
b. Identify the preimage/image pairs. Assume that 
architectural features on the left-hand side of the 
picture represent the preimages. 

SOLUTION:  

a. is the line of reflection because each point to
its left matches a point to its right.  
b. A and C, D and F,  and ,  and .  

ANSWER:  

a.  

b. A and C, D and F,  and ,  and .  

ALGEBRA Graph the line y  = 2x – 3 and its 
reflected image in the given line. What is the 
equation of the reflected image? 

36. x-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the x-axis, the x-intercept will 
be the same in the reflection. Use the y-intercept to 
find a second point on the reflected line. Since the y-
intercept is –3,  the y-intercept of the reflected line 
will be 3.  
  
Use (1.5, 0) and (0, 3) to write an equation for the 
reflected line.  
  

 
  

 
  

 

ANSWER:  

 

37. y-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y-axis, the y-intercept will 
be the same in the reflection. Use the x-intercept to 
find a second point on the reflected line. Since the x-
intercept is 1.5,  the x-intercept of the reflected line 
will be –1.5.  
  
Use (–1.5, 0) and (0, –3) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

38. y  = x 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y = x line, the x- and y-
coordinates are switched. Switch the coordinates for 
the intercepts.  The y-intercept is (0, –3), so x-
intercept of the reflected line would be (–3, 0). The 
x-intercept is (1.5, 0), so y-intercept of the reflected 
line would be (0, 1.5) 
  
Use (0, 1.5) and (–3, 0) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

39. Reflect  shown below in the line y  = 3x. 

 

SOLUTION:  
Each vertex and its image will be equidistant from y  
= 3x. To estimate the placement of the images of 
each vertex, first find the equation of the lines 
perpendicular to y  = 3x that pass through each 

vertex. Each of these lines will have the slope , 

which is the negative reciprocal of the slope in y  = 
3x. 
  
Vertex C(-3, 6) 

 
Graph this line. Use a ruler to find the distance 
between C(-3, 6) and the point of intersection with 
the line of reflection. Mark C' an equal distance 
along this line. 
  
Vertex D(-1, 1) 

 
Graph this line. Use a ruler to find the distance 
between D(-1, 1) and the point of intersection with 
the line of reflection. Mark D' an equal distance 
along this line. 
  
Vertex E(3, 5) 

 
Graph this line. Use a ruler to find the distance 
between E(3, 5) and the point of intersection with 
the line of reflection. Mark E' an equal distance 
along this line. 
Connect the vertices, C', D', and E' to form the 
reflected image. 

 
  

 

ANSWER:  

 

40. Relocate vertex C so that ABCDE is convex, and all 
sides remain the same length. 

 

SOLUTION:  
If you reflect vertex C over the BD line, the figure 
would become convex.  

 

ANSWER:  

 

ALGEBRA Graph the reflection of each 
function in the given line. Then write the 
equation of the reflected image. 

41. x-axis 

 

SOLUTION:  
To reflect a point in the x-axis, multiply its y -
coordinate by –1.  
  
To reflect   in the x-axis multiply by –
1.  

 

ANSWER:  

 

42. y-axis 

 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
To reflect  over the y -axis, multiply x 
by –1. The reflected equation will then be 

. 

  
  

 

Copy the figure and the given line of reflection. 
Then draw the reflected image in this line using
a ruler. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line a. 
Step 2: Measure the distance from point C to the 
line a. Then locate C' the same distance from line a 
on the opposite side.  
Step 3: Repeat Step 2 to locate points D' and F'. 
Then connect the vertices, C', D', and F' to form 
the reflected image.  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point Q to the 
line k. Then locate Q' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points R', S' and 
T'. Then connect the vertices, Q', R', S', and T' to 
form the reflected image.  

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point W to the 
line f . Then locate W' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect the vertices, W', X ', Y' and Z' to 
form the reflected image.  
  

 

ANSWER:  

 

4. SPORTING EVENTS Toru is waiting at a café for 
a friend to bring him a ticket to a sold-out sporting 
event. At what point P along the street should the 
friend try to stop his car to minimize the distance 
Toru will have to walk from the café, to the car, and 
then to the arena entrance? Draw a diagram. 

 

SOLUTION:  
 You are asked to locate a point P on line se such 
that cP + Pe has the least possible value. 
 
The total distance from s to P and then from P to e 
is least when these three points are collinear. Use 
the reflection of point c over the road to find the 
location for point P. 
  
 Draw c'e (or se).  

 
  
Locate P at the intersection of road and line se . 

 
  
Compare the sum cP + Pe for each case to verify 
that the location found for P minimizes this sum. 

ANSWER:  
Sample answer: 

 

Graph  and its image in the given line.

 
5. y  = –2 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line y  = –2. 
  
Vertex A is 3 units up from y  = –2, locate the point 
3 units down from y  = –2. A ' would be (1, –5). 
Vertex B is on the line y  = –2, so B' would be at the
same point (2, –2). 
Vertex C is 4 units up from y  = –2, locate the point 
4 units down from y  = –2. C' would be (7, –6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  
  

 

ANSWER:  

 

6. x = 3 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line x = 3. 
  
Vertex A is 2 units left from x = 3, locate the point 
2 units right from x = 3. A ' would be at (5, 1). 
Vertex B is 1 unit left from  x = 3, locate the point 1
unit right from x = 3. B' would be at (4, –2). 
Vertex C is 4 units right from x = 3, locate the point
4 units left from x = 3. C' would be at (–1, 2). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

Graph each figure and its image under the given
reflection. 

7.  with vertices X(0, 4), Y(–3, 4), and Z(–4, –1) 
in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 
X(0, 4) → X'(0, 4) 
Y(–3, 4) → Y'(3, 4) 
Z(–4, –1) →Z'(4, –1) 
  
Plot the points. Then connect the vertices, X ', Y', 
and Z' to form the reflected image. 
  

 

ANSWER:  

 

8.  QRST with vertices Q(–1, 4), R(4, 4), S(3, 1), and
T(–2, 1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

Q(–1, 4) → Q'(–1, –4) 

R(4, 4) → R'(4, –4) 

S(3, 1) →S'(3, –1) 

T(–2, 1) →T'(–2, –1) 
  
Plot the points. Then connect the vertices, Q', R', S',
and T' to form the reflected image. 
  

 

ANSWER:  

 

9. Given quadrilaterals J(–3, 1), K(–1, 3), L(1, 3), and M
(–3, –1) and its image J'(1, –3), K'(3, –1), L'(3, 1), 
and M'(–1, –3), describe the transformation using 
coordinate notation.  

SOLUTION:  
Plot the points for the preimage and the image. 
  

 
The transformation sends each vertex as follows.
  
J(–3, 1) →  J'(1, –3) 

K(–1, 3) →  K'(3, –1) 

L(1, 3) → L'(3, 1) 

M(–3, –1)  → M'(–1, –3) 
  
That means that (x, y ) → (y , x). 
  
This is the result of a reflection over the y = x .  

ANSWER:  
(x, y ) → (y , x); reflection in the y = x .  

TOOLS Copy the figure and the given line of 
reflection. Then draw the reflected image in this
line using a ruler. 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point X  to the 
line k. Then locate X ' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect the vertices, X ', Y', and Z' to form the 
reflected image.  

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line s. 
Step 2: Measure the distance from point J to the 
line s. Then locate J' the same distance from line s 
on the opposite side.  
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect the vertices J', K', L', and M' to 
form the reflected image.  

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line c. 
Step 2: Measure the distance from point E to the 
line c. Then locate E' the same distance from line c 
on the opposite side.  
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect the vertices, E', F', G' and H' to 
form the reflected image.  

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line t. 
Step 2: Measure the distance from point A  to the 
line t. Then locate A ' the same distance from line t 
on the opposite side.  
Step 3: Repeat Step 2 to locate points B', C' and 
D'. Then connect the vertices, A ', B', C' and D' to 
form the reflected image.  

 

ANSWER:  

 

14.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line w. 
Step 2: Measure the distance from point P to the 
line w. Then locate P' the same distance from line w
on the opposite side.  
Step 3: Repeat Step 2 to locate points Q', R', S', 
T,' and U'. Then connect the vertices P', Q', R', S', 
T', and U' to form the reflected image.  

 

ANSWER:  

 

15.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point V to the 
line f . Then locate V' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect the vertices, V', W', X ', Y' and
Z' to form the reflected image.  

 

ANSWER:  

 

SPORTS When a ball is rolled or struck without
spin against a wall, it bounces off the wall and 
travels in a ray that is the reflected image of the
path of the ball if it had gone straight through 
the wall. Use this information in Exercises 16 
and 17. 

 
16. BILLIARDS Tadeo is playing billiards. He wants to

strike the eight ball with the cue ball so that the eight 
ball bounces off the rail and rolls into the indicated 
pocket. If the eight ball moves with no spin, draw a 
diagram showing the exact point P along the right rail
where the eight ball should hit after being struck by 
the cue ball. 

 

SOLUTION:  
We want to determine where the 8 ball should hit the
rail so that it goes into the side pocket. To do this, we
will need to locate a point P on the rail of the table 
such that P is collinear with the side pocket and the 
reflection of the 8 ball.  
  
Step 1: Locate the reflection of the 8 ball. The rail 
(red line) is equidistant from the 8 ball and the 
reflection. 

 
Step 2: Draw a line from the side pocket to the 
reflection. We now know the line along which the 8 
ball should travel in order to go into the side pocket. 

 
The intersection of the red and blue lines is the 
location of point P. The distance from P to the 8 ball 
and from P to the reflection are equal. 

 

ANSWER:  

 

17. INDOOR SOCCER Abby is playing indoor soccer,
and she wants to hit the ball to point C, but must 
avoid an opposing player at point B. She decides to 
hit the ball at point A so that it bounces off the side 
wall. Draw a diagram that shows the exact point 
along the top wall for which Abby should aim. 

 

SOLUTION:  
You are asked to locate a point P on line k such 
that cP + A'P  has the least possible value. 
 
The total distance from c to P and then from A ' to P
is least when these three points are collinear. Use 
the reflection of point A  in line k to find the location 
for point P. 
  
Draw A 'c . Locate P at the intersection of line k and
line A 'c. 
  
Compare the sum cP + A'P  for each case to verify 
that the location found for P minimizes this sum 

 

ANSWER:  

 

Graph each figure and its image in the given 
line. 

 

 

 
18.  y  = 3 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line y  =
3. 
  
Draw y  = 3. 
  
Vertex A is 5 units up from y  = 3, locate the point 5
units down from y  = 3. A ' would be (–5, –2). 
Vertex B is 2 units up from the y  = 3,  locate the 
point 2 units down from y  = 3. B' would be (–1, 1). 
Vertex C is 3 units down from y  = 3, locate the 
point 3 units up from y  = 3. C' would be (–4, 6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

19.  x = –1 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line x =
–1. 
  
Draw x = –1. 
  
Vertex A is 4 units left from x = –1, locate the point
4 units right from x = –1. A ' would be (3, 8). 
Vertex B is on the line x = –1,  so B' would be (–1, 
5). 
Vertex C is 3 units left from x = –1, locate the point
3 units right from x = –1. C' would be (2, 0). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

20. JKLM; x = 1 

SOLUTION:  
J is (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line x = 1. 
  
Draw the line x = 1. 
  
Vertex J is at 2 units right from x = 1, locate the 
point 2 units left from x = 1. J' would be (–1, 8). 
Vertex K is 5 units right from x = 1, locate the point
5 units left from x = 1. K' would be (–4, 8). 
Vertex L is 5 units right from x = 1, locate the point 
5 units left from x = 1. L' would be (–4, 5). 
Vertex M is on x = 1, so M' would be (1, 2). 
  
Then connect the vertices, J', K', L', and M' to form
the reflected image. 

 

ANSWER:  

 

21. JKLM; y  = 4 

SOLUTION:  
J is at (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line y  = 4. 
  
Draw the line y  = 4. 
  
Vertex J is 4 units up from y  = 4, locate the point 4 
units down from y  = 4. J' would be (3, 0). 
Vertex K is 4 units up from y  = 4, locate the point 4
units down from y  = 4. K' would be (6, 0). 
Vertex L is 1 unit up from y  = 4, locate the point 1 
unit down from y  = 4. L' would be (6, 3). 
Vertex M is 2 units down from y  = 4, locate the 
point 2 units up from y  = 4. M' would be (1, 6). 
  
Then connect the vertices J', K', L', and M' to form 
the reflected image. 

 

ANSWER:  

 

22. WXYZ; y  = –4 

SOLUTION:  
W is at (–2, –2), X  is at (6, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line y  = –4. 
  
Draw the line y  = –4. 
  
Vertex W is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. W' would be (–2, –6). 
Vertex X is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. X ' would be (6, –6). 
Vertex Y is 1 unit down from y  = –4, locate the 
point 1 unit up from y  = –4. Y' would be (4, –3). 
Vertex Z is 3 units down from y  = –4, locate the 
point 3 units up from y  = –4. Z' would be (0, –1). 
  
Then connect the vertices W', X ', Y', and Z' to form 
the reflected image. 
  

 

ANSWER:  

 

23. WXYZ; x = –2 

SOLUTION:  
W is at (–2, –2), X  is at (5, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line x = –2. 
  
Draw the line x = –2. 
  
Vertex W is on x = –2, so W' would be (–2, –2). 
Vertex X is 7 units right from x = –2, locate the 
point 7 units left from x = –2. X ' would be (–9, –2).
Vertex Y is 6 units right from x = –2, locate the 
point 6 units left from x = –2. Y' would be (–8, –5). 
Vertex Z is 2 units right from x = –2, locate the 
point 2 units left from x = –2. Z' would be (–4, –7).
  
Then connect the vertices, W', X ', Y', and Z' to form
the reflected image. 
  

 

ANSWER:  

 

STRUCTURE  Graph each figure and its image 
under the given reflection. 

24. rectangle ABCD with vertices A(–5, 2), B(1, 2), C(1, 
–1), and D(–5, –1) in the line y  = –2 

SOLUTION:  
To reflect over the line  y  = –2, subtract from the y -
coordinate the distance from the y  = –2 line.  
  
(x, y ) → (x, y – distance from y = –2 ) 

A(–5, 2) → Distance: +4, A'(–5, –6) 

B(1, 2) → Distance: +4, B'(1, –6) 

C(1, –1) → Distance: +1, C'(1, –3), 

D(–5, –1) →Distance: +1, D'(–5, –3) 
  
Plot the points. Then connect the vertices, A ', B', 
C', and D' to form the reflected image. 

 

ANSWER:  

 

25. square JKLM  with vertices J(–4, 6), K(0, 6), L(0, 2),
and M (–4, 2) in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 

J(–4, 6) → J'(4, 6) 

K(0, 6), → K'(0, 6) 

L(0, 2) → L'(0, 2) 

M(–4, 2)  → M'(4, 2) 
  
Plot the points. Then connect the vertices, J, K', 
L',and M' to form the reflected image. 

 

ANSWER:  

 

26.  with vertices F(–3, 2), G(–4, –1), and H(–6, 
–1) in the line y  = x 

SOLUTION:  
To reflect over line y  = x, interchange the x- and  y -
coordinates.  
  
(x, y ) → (y, x)  

 F(–3, 2), →   F'(2, –3) 

G(–4, –1) → G'(–1, –4) 

H(–6, –1) → H'(–1, –6) 
  
Plot the points. Then connect the vertices, F', G', 
and H' to form the reflected image. 
  

 

ANSWER:  

 

27.  with vertices W(2, 3), X(7, 3), Y(6, –1), and 

Z(1, –1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

W(2, 3) →  W'(2, –3) 

X(7, 3) → X'(7, –3), 

Y(6, –1) → Y'(6, 1) 

Z(1, –1) →  Z'(1, 1) 
  
Plot the points. Then connect the vertices, W', X ', 
Y',and Z' to form the reflected image. 
  

 

ANSWER:  

 

Given each figure and image, describe the 
transformation using coordinate notation. 

28. P(–1, 4), Q(2, 4), R(1, –1), and S(–1, –1) and P'(1, 
4), Q'(–2, 4), R'(–1, –1), and S'(1, –1)  

SOLUTION:  
Plot the points for the figure and its image.  

 
Compare the coordinates. 
  
P(–1, 4) →  P'(1, 4) 

Q(2, 4) → Q'(–2, 4) 

R(1, –1) → R'(–1, –1) 

S(–1, –1) →  S'(1, –1) 

To get from the figure to its image each (x, y ) → (–
x, y ). 
This means a reflection in the y -axis.  

ANSWER:  
(x, y ) → (–x, y ); reflection in the y -axis 

29. S(–3, –2), T(–2, 3), and U(2, 2) and S'(–2, –3), T'(3, 
–2), and U'(2, 2) 

SOLUTION:  
Plot the points for the figure and its image.  
  

 
  
Compare the coordinates. 
  
S(–3, –2) → S'(–2 –3) 

T(–2, 3) → T'(3, –2) 

U(2, 2) → U'(2, 2) 
Each vertex is transformed by (x, y ) → (y , x). 
This is a reflection in the line y  = x, interchange the 
x- and  y -coordinates.  

ANSWER:  
(x, y ) → (y , x); reflection in the line y  = x 

Each figure shows a preimage and its reflected 
image in some line. Copy each figure and draw 
the line of reflection. 

30.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

31.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  

 

ANSWER:  

 

32.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

CONSTRUCTION To construct the reflection 
of a figure in a line using only a compass and a 
straightedge, 
you can use: 
• the construction of a line perpendicular to a 
given line through a point not on the line 
(Lesson 1-5), and 
• the construction of a segment congruent to a 
given segment (Lesson 1-2). 

 
TOOLS  Copy each figure and the given line of 
reflection. Then construct the reflected image. 

33.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at B 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from B to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
A and C. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

34.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at K 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from K to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
J and L. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
  
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

35. ARCHITECTURE Refer to the photo of the 
building on page 227.  
a. Identify the line of reflection.  
b. Identify the preimage/image pairs. Assume that 
architectural features on the left-hand side of the 
picture represent the preimages. 

SOLUTION:  

a. is the line of reflection because each point to
its left matches a point to its right.  
b. A and C, D and F,  and ,  and .  

ANSWER:  

a.  

b. A and C, D and F,  and ,  and .  

ALGEBRA Graph the line y  = 2x – 3 and its 
reflected image in the given line. What is the 
equation of the reflected image? 

36. x-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the x-axis, the x-intercept will 
be the same in the reflection. Use the y-intercept to 
find a second point on the reflected line. Since the y-
intercept is –3,  the y-intercept of the reflected line 
will be 3.  
  
Use (1.5, 0) and (0, 3) to write an equation for the 
reflected line.  
  

 
  

 
  

 

ANSWER:  

 

37. y-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y-axis, the y-intercept will 
be the same in the reflection. Use the x-intercept to 
find a second point on the reflected line. Since the x-
intercept is 1.5,  the x-intercept of the reflected line 
will be –1.5.  
  
Use (–1.5, 0) and (0, –3) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

38. y  = x 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y = x line, the x- and y-
coordinates are switched. Switch the coordinates for 
the intercepts.  The y-intercept is (0, –3), so x-
intercept of the reflected line would be (–3, 0). The 
x-intercept is (1.5, 0), so y-intercept of the reflected 
line would be (0, 1.5) 
  
Use (0, 1.5) and (–3, 0) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

39. Reflect  shown below in the line y  = 3x. 

 

SOLUTION:  
Each vertex and its image will be equidistant from y  
= 3x. To estimate the placement of the images of 
each vertex, first find the equation of the lines 
perpendicular to y  = 3x that pass through each 

vertex. Each of these lines will have the slope , 

which is the negative reciprocal of the slope in y  = 
3x. 
  
Vertex C(-3, 6) 

 
Graph this line. Use a ruler to find the distance 
between C(-3, 6) and the point of intersection with 
the line of reflection. Mark C' an equal distance 
along this line. 
  
Vertex D(-1, 1) 

 
Graph this line. Use a ruler to find the distance 
between D(-1, 1) and the point of intersection with 
the line of reflection. Mark D' an equal distance 
along this line. 
  
Vertex E(3, 5) 

 
Graph this line. Use a ruler to find the distance 
between E(3, 5) and the point of intersection with 
the line of reflection. Mark E' an equal distance 
along this line. 
Connect the vertices, C', D', and E' to form the 
reflected image. 

 
  

 

ANSWER:  

 

40. Relocate vertex C so that ABCDE is convex, and all 
sides remain the same length. 

 

SOLUTION:  
If you reflect vertex C over the BD line, the figure 
would become convex.  

 

ANSWER:  

 

ALGEBRA Graph the reflection of each 
function in the given line. Then write the 
equation of the reflected image. 

41. x-axis 

 

SOLUTION:  
To reflect a point in the x-axis, multiply its y -
coordinate by –1.  
  
To reflect   in the x-axis multiply by –
1.  

 

ANSWER:  

 

42. y-axis 

 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
To reflect  over the y -axis, multiply x 
by –1. The reflected equation will then be 

. 
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Copy the figure and the given line of reflection. 
Then draw the reflected image in this line using
a ruler. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line a. 
Step 2: Measure the distance from point C to the 
line a. Then locate C' the same distance from line a 
on the opposite side.  
Step 3: Repeat Step 2 to locate points D' and F'. 
Then connect the vertices, C', D', and F' to form 
the reflected image.  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point Q to the 
line k. Then locate Q' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points R', S' and 
T'. Then connect the vertices, Q', R', S', and T' to 
form the reflected image.  

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point W to the 
line f . Then locate W' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect the vertices, W', X ', Y' and Z' to 
form the reflected image.  
  

 

ANSWER:  

 

4. SPORTING EVENTS Toru is waiting at a café for 
a friend to bring him a ticket to a sold-out sporting 
event. At what point P along the street should the 
friend try to stop his car to minimize the distance 
Toru will have to walk from the café, to the car, and 
then to the arena entrance? Draw a diagram. 

 

SOLUTION:  
 You are asked to locate a point P on line se such 
that cP + Pe has the least possible value. 
 
The total distance from s to P and then from P to e 
is least when these three points are collinear. Use 
the reflection of point c over the road to find the 
location for point P. 
  
 Draw c'e (or se).  

 
  
Locate P at the intersection of road and line se . 

 
  
Compare the sum cP + Pe for each case to verify 
that the location found for P minimizes this sum. 

ANSWER:  
Sample answer: 

 

Graph  and its image in the given line.

 
5. y  = –2 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line y  = –2. 
  
Vertex A is 3 units up from y  = –2, locate the point 
3 units down from y  = –2. A ' would be (1, –5). 
Vertex B is on the line y  = –2, so B' would be at the
same point (2, –2). 
Vertex C is 4 units up from y  = –2, locate the point 
4 units down from y  = –2. C' would be (7, –6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  
  

 

ANSWER:  

 

6. x = 3 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line x = 3. 
  
Vertex A is 2 units left from x = 3, locate the point 
2 units right from x = 3. A ' would be at (5, 1). 
Vertex B is 1 unit left from  x = 3, locate the point 1
unit right from x = 3. B' would be at (4, –2). 
Vertex C is 4 units right from x = 3, locate the point
4 units left from x = 3. C' would be at (–1, 2). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

Graph each figure and its image under the given
reflection. 

7.  with vertices X(0, 4), Y(–3, 4), and Z(–4, –1) 
in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 
X(0, 4) → X'(0, 4) 
Y(–3, 4) → Y'(3, 4) 
Z(–4, –1) →Z'(4, –1) 
  
Plot the points. Then connect the vertices, X ', Y', 
and Z' to form the reflected image. 
  

 

ANSWER:  

 

8.  QRST with vertices Q(–1, 4), R(4, 4), S(3, 1), and
T(–2, 1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

Q(–1, 4) → Q'(–1, –4) 

R(4, 4) → R'(4, –4) 

S(3, 1) →S'(3, –1) 

T(–2, 1) →T'(–2, –1) 
  
Plot the points. Then connect the vertices, Q', R', S',
and T' to form the reflected image. 
  

 

ANSWER:  

 

9. Given quadrilaterals J(–3, 1), K(–1, 3), L(1, 3), and M
(–3, –1) and its image J'(1, –3), K'(3, –1), L'(3, 1), 
and M'(–1, –3), describe the transformation using 
coordinate notation.  

SOLUTION:  
Plot the points for the preimage and the image. 
  

 
The transformation sends each vertex as follows.
  
J(–3, 1) →  J'(1, –3) 

K(–1, 3) →  K'(3, –1) 

L(1, 3) → L'(3, 1) 

M(–3, –1)  → M'(–1, –3) 
  
That means that (x, y ) → (y , x). 
  
This is the result of a reflection over the y = x .  

ANSWER:  
(x, y ) → (y , x); reflection in the y = x .  

TOOLS Copy the figure and the given line of 
reflection. Then draw the reflected image in this
line using a ruler. 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point X  to the 
line k. Then locate X ' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect the vertices, X ', Y', and Z' to form the 
reflected image.  

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line s. 
Step 2: Measure the distance from point J to the 
line s. Then locate J' the same distance from line s 
on the opposite side.  
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect the vertices J', K', L', and M' to 
form the reflected image.  

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line c. 
Step 2: Measure the distance from point E to the 
line c. Then locate E' the same distance from line c 
on the opposite side.  
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect the vertices, E', F', G' and H' to 
form the reflected image.  

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line t. 
Step 2: Measure the distance from point A  to the 
line t. Then locate A ' the same distance from line t 
on the opposite side.  
Step 3: Repeat Step 2 to locate points B', C' and 
D'. Then connect the vertices, A ', B', C' and D' to 
form the reflected image.  

 

ANSWER:  

 

14.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line w. 
Step 2: Measure the distance from point P to the 
line w. Then locate P' the same distance from line w
on the opposite side.  
Step 3: Repeat Step 2 to locate points Q', R', S', 
T,' and U'. Then connect the vertices P', Q', R', S', 
T', and U' to form the reflected image.  

 

ANSWER:  

 

15.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point V to the 
line f . Then locate V' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect the vertices, V', W', X ', Y' and
Z' to form the reflected image.  

 

ANSWER:  

 

SPORTS When a ball is rolled or struck without
spin against a wall, it bounces off the wall and 
travels in a ray that is the reflected image of the
path of the ball if it had gone straight through 
the wall. Use this information in Exercises 16 
and 17. 

 
16. BILLIARDS Tadeo is playing billiards. He wants to

strike the eight ball with the cue ball so that the eight 
ball bounces off the rail and rolls into the indicated 
pocket. If the eight ball moves with no spin, draw a 
diagram showing the exact point P along the right rail
where the eight ball should hit after being struck by 
the cue ball. 

 

SOLUTION:  
We want to determine where the 8 ball should hit the
rail so that it goes into the side pocket. To do this, we
will need to locate a point P on the rail of the table 
such that P is collinear with the side pocket and the 
reflection of the 8 ball.  
  
Step 1: Locate the reflection of the 8 ball. The rail 
(red line) is equidistant from the 8 ball and the 
reflection. 

 
Step 2: Draw a line from the side pocket to the 
reflection. We now know the line along which the 8 
ball should travel in order to go into the side pocket. 

 
The intersection of the red and blue lines is the 
location of point P. The distance from P to the 8 ball 
and from P to the reflection are equal. 

 

ANSWER:  

 

17. INDOOR SOCCER Abby is playing indoor soccer,
and she wants to hit the ball to point C, but must 
avoid an opposing player at point B. She decides to 
hit the ball at point A so that it bounces off the side 
wall. Draw a diagram that shows the exact point 
along the top wall for which Abby should aim. 

 

SOLUTION:  
You are asked to locate a point P on line k such 
that cP + A'P  has the least possible value. 
 
The total distance from c to P and then from A ' to P
is least when these three points are collinear. Use 
the reflection of point A  in line k to find the location 
for point P. 
  
Draw A 'c . Locate P at the intersection of line k and
line A 'c. 
  
Compare the sum cP + A'P  for each case to verify 
that the location found for P minimizes this sum 

 

ANSWER:  

 

Graph each figure and its image in the given 
line. 

 

 

 
18.  y  = 3 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line y  =
3. 
  
Draw y  = 3. 
  
Vertex A is 5 units up from y  = 3, locate the point 5
units down from y  = 3. A ' would be (–5, –2). 
Vertex B is 2 units up from the y  = 3,  locate the 
point 2 units down from y  = 3. B' would be (–1, 1). 
Vertex C is 3 units down from y  = 3, locate the 
point 3 units up from y  = 3. C' would be (–4, 6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

19.  x = –1 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line x =
–1. 
  
Draw x = –1. 
  
Vertex A is 4 units left from x = –1, locate the point
4 units right from x = –1. A ' would be (3, 8). 
Vertex B is on the line x = –1,  so B' would be (–1, 
5). 
Vertex C is 3 units left from x = –1, locate the point
3 units right from x = –1. C' would be (2, 0). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

20. JKLM; x = 1 

SOLUTION:  
J is (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line x = 1. 
  
Draw the line x = 1. 
  
Vertex J is at 2 units right from x = 1, locate the 
point 2 units left from x = 1. J' would be (–1, 8). 
Vertex K is 5 units right from x = 1, locate the point
5 units left from x = 1. K' would be (–4, 8). 
Vertex L is 5 units right from x = 1, locate the point 
5 units left from x = 1. L' would be (–4, 5). 
Vertex M is on x = 1, so M' would be (1, 2). 
  
Then connect the vertices, J', K', L', and M' to form
the reflected image. 

 

ANSWER:  

 

21. JKLM; y  = 4 

SOLUTION:  
J is at (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line y  = 4. 
  
Draw the line y  = 4. 
  
Vertex J is 4 units up from y  = 4, locate the point 4 
units down from y  = 4. J' would be (3, 0). 
Vertex K is 4 units up from y  = 4, locate the point 4
units down from y  = 4. K' would be (6, 0). 
Vertex L is 1 unit up from y  = 4, locate the point 1 
unit down from y  = 4. L' would be (6, 3). 
Vertex M is 2 units down from y  = 4, locate the 
point 2 units up from y  = 4. M' would be (1, 6). 
  
Then connect the vertices J', K', L', and M' to form 
the reflected image. 

 

ANSWER:  

 

22. WXYZ; y  = –4 

SOLUTION:  
W is at (–2, –2), X  is at (6, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line y  = –4. 
  
Draw the line y  = –4. 
  
Vertex W is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. W' would be (–2, –6). 
Vertex X is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. X ' would be (6, –6). 
Vertex Y is 1 unit down from y  = –4, locate the 
point 1 unit up from y  = –4. Y' would be (4, –3). 
Vertex Z is 3 units down from y  = –4, locate the 
point 3 units up from y  = –4. Z' would be (0, –1). 
  
Then connect the vertices W', X ', Y', and Z' to form 
the reflected image. 
  

 

ANSWER:  

 

23. WXYZ; x = –2 

SOLUTION:  
W is at (–2, –2), X  is at (5, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line x = –2. 
  
Draw the line x = –2. 
  
Vertex W is on x = –2, so W' would be (–2, –2). 
Vertex X is 7 units right from x = –2, locate the 
point 7 units left from x = –2. X ' would be (–9, –2).
Vertex Y is 6 units right from x = –2, locate the 
point 6 units left from x = –2. Y' would be (–8, –5). 
Vertex Z is 2 units right from x = –2, locate the 
point 2 units left from x = –2. Z' would be (–4, –7).
  
Then connect the vertices, W', X ', Y', and Z' to form
the reflected image. 
  

 

ANSWER:  

 

STRUCTURE  Graph each figure and its image 
under the given reflection. 

24. rectangle ABCD with vertices A(–5, 2), B(1, 2), C(1, 
–1), and D(–5, –1) in the line y  = –2 

SOLUTION:  
To reflect over the line  y  = –2, subtract from the y -
coordinate the distance from the y  = –2 line.  
  
(x, y ) → (x, y – distance from y = –2 ) 

A(–5, 2) → Distance: +4, A'(–5, –6) 

B(1, 2) → Distance: +4, B'(1, –6) 

C(1, –1) → Distance: +1, C'(1, –3), 

D(–5, –1) →Distance: +1, D'(–5, –3) 
  
Plot the points. Then connect the vertices, A ', B', 
C', and D' to form the reflected image. 

 

ANSWER:  

 

25. square JKLM  with vertices J(–4, 6), K(0, 6), L(0, 2),
and M (–4, 2) in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 

J(–4, 6) → J'(4, 6) 

K(0, 6), → K'(0, 6) 

L(0, 2) → L'(0, 2) 

M(–4, 2)  → M'(4, 2) 
  
Plot the points. Then connect the vertices, J, K', 
L',and M' to form the reflected image. 

 

ANSWER:  

 

26.  with vertices F(–3, 2), G(–4, –1), and H(–6, 
–1) in the line y  = x 

SOLUTION:  
To reflect over line y  = x, interchange the x- and  y -
coordinates.  
  
(x, y ) → (y, x)  

 F(–3, 2), →   F'(2, –3) 

G(–4, –1) → G'(–1, –4) 

H(–6, –1) → H'(–1, –6) 
  
Plot the points. Then connect the vertices, F', G', 
and H' to form the reflected image. 
  

 

ANSWER:  

 

27.  with vertices W(2, 3), X(7, 3), Y(6, –1), and 

Z(1, –1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

W(2, 3) →  W'(2, –3) 

X(7, 3) → X'(7, –3), 

Y(6, –1) → Y'(6, 1) 

Z(1, –1) →  Z'(1, 1) 
  
Plot the points. Then connect the vertices, W', X ', 
Y',and Z' to form the reflected image. 
  

 

ANSWER:  

 

Given each figure and image, describe the 
transformation using coordinate notation. 

28. P(–1, 4), Q(2, 4), R(1, –1), and S(–1, –1) and P'(1, 
4), Q'(–2, 4), R'(–1, –1), and S'(1, –1)  

SOLUTION:  
Plot the points for the figure and its image.  

 
Compare the coordinates. 
  
P(–1, 4) →  P'(1, 4) 

Q(2, 4) → Q'(–2, 4) 

R(1, –1) → R'(–1, –1) 

S(–1, –1) →  S'(1, –1) 

To get from the figure to its image each (x, y ) → (–
x, y ). 
This means a reflection in the y -axis.  

ANSWER:  
(x, y ) → (–x, y ); reflection in the y -axis 

29. S(–3, –2), T(–2, 3), and U(2, 2) and S'(–2, –3), T'(3, 
–2), and U'(2, 2) 

SOLUTION:  
Plot the points for the figure and its image.  
  

 
  
Compare the coordinates. 
  
S(–3, –2) → S'(–2 –3) 

T(–2, 3) → T'(3, –2) 

U(2, 2) → U'(2, 2) 
Each vertex is transformed by (x, y ) → (y , x). 
This is a reflection in the line y  = x, interchange the 
x- and  y -coordinates.  

ANSWER:  
(x, y ) → (y , x); reflection in the line y  = x 

Each figure shows a preimage and its reflected 
image in some line. Copy each figure and draw 
the line of reflection. 

30.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

31.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  

 

ANSWER:  

 

32.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

CONSTRUCTION To construct the reflection 
of a figure in a line using only a compass and a 
straightedge, 
you can use: 
• the construction of a line perpendicular to a 
given line through a point not on the line 
(Lesson 1-5), and 
• the construction of a segment congruent to a 
given segment (Lesson 1-2). 

 
TOOLS  Copy each figure and the given line of 
reflection. Then construct the reflected image. 

33.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at B 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from B to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
A and C. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

34.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at K 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from K to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
J and L. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
  
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

35. ARCHITECTURE Refer to the photo of the 
building on page 227.  
a. Identify the line of reflection.  
b. Identify the preimage/image pairs. Assume that 
architectural features on the left-hand side of the 
picture represent the preimages. 

SOLUTION:  

a. is the line of reflection because each point to
its left matches a point to its right.  
b. A and C, D and F,  and ,  and .  

ANSWER:  

a.  

b. A and C, D and F,  and ,  and .  

ALGEBRA Graph the line y  = 2x – 3 and its 
reflected image in the given line. What is the 
equation of the reflected image? 

36. x-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the x-axis, the x-intercept will 
be the same in the reflection. Use the y-intercept to 
find a second point on the reflected line. Since the y-
intercept is –3,  the y-intercept of the reflected line 
will be 3.  
  
Use (1.5, 0) and (0, 3) to write an equation for the 
reflected line.  
  

 
  

 
  

 

ANSWER:  

 

37. y-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y-axis, the y-intercept will 
be the same in the reflection. Use the x-intercept to 
find a second point on the reflected line. Since the x-
intercept is 1.5,  the x-intercept of the reflected line 
will be –1.5.  
  
Use (–1.5, 0) and (0, –3) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

38. y  = x 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y = x line, the x- and y-
coordinates are switched. Switch the coordinates for 
the intercepts.  The y-intercept is (0, –3), so x-
intercept of the reflected line would be (–3, 0). The 
x-intercept is (1.5, 0), so y-intercept of the reflected 
line would be (0, 1.5) 
  
Use (0, 1.5) and (–3, 0) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

39. Reflect  shown below in the line y  = 3x. 

 

SOLUTION:  
Each vertex and its image will be equidistant from y  
= 3x. To estimate the placement of the images of 
each vertex, first find the equation of the lines 
perpendicular to y  = 3x that pass through each 

vertex. Each of these lines will have the slope , 

which is the negative reciprocal of the slope in y  = 
3x. 
  
Vertex C(-3, 6) 

 
Graph this line. Use a ruler to find the distance 
between C(-3, 6) and the point of intersection with 
the line of reflection. Mark C' an equal distance 
along this line. 
  
Vertex D(-1, 1) 

 
Graph this line. Use a ruler to find the distance 
between D(-1, 1) and the point of intersection with 
the line of reflection. Mark D' an equal distance 
along this line. 
  
Vertex E(3, 5) 

 
Graph this line. Use a ruler to find the distance 
between E(3, 5) and the point of intersection with 
the line of reflection. Mark E' an equal distance 
along this line. 
Connect the vertices, C', D', and E' to form the 
reflected image. 

 
  

 

ANSWER:  

 

40. Relocate vertex C so that ABCDE is convex, and all 
sides remain the same length. 

 

SOLUTION:  
If you reflect vertex C over the BD line, the figure 
would become convex.  

 

ANSWER:  

 

ALGEBRA Graph the reflection of each 
function in the given line. Then write the 
equation of the reflected image. 

41. x-axis 

 

SOLUTION:  
To reflect a point in the x-axis, multiply its y -
coordinate by –1.  
  
To reflect   in the x-axis multiply by –
1.  

 

ANSWER:  

 

42. y-axis 

 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
To reflect  over the y -axis, multiply x 
by –1. The reflected equation will then be 

. 

  
  

 

Copy the figure and the given line of reflection. 
Then draw the reflected image in this line using
a ruler. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line a. 
Step 2: Measure the distance from point C to the 
line a. Then locate C' the same distance from line a 
on the opposite side.  
Step 3: Repeat Step 2 to locate points D' and F'. 
Then connect the vertices, C', D', and F' to form 
the reflected image.  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point Q to the 
line k. Then locate Q' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points R', S' and 
T'. Then connect the vertices, Q', R', S', and T' to 
form the reflected image.  

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point W to the 
line f . Then locate W' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect the vertices, W', X ', Y' and Z' to 
form the reflected image.  
  

 

ANSWER:  

 

4. SPORTING EVENTS Toru is waiting at a café for 
a friend to bring him a ticket to a sold-out sporting 
event. At what point P along the street should the 
friend try to stop his car to minimize the distance 
Toru will have to walk from the café, to the car, and 
then to the arena entrance? Draw a diagram. 

 

SOLUTION:  
 You are asked to locate a point P on line se such 
that cP + Pe has the least possible value. 
 
The total distance from s to P and then from P to e 
is least when these three points are collinear. Use 
the reflection of point c over the road to find the 
location for point P. 
  
 Draw c'e (or se).  

 
  
Locate P at the intersection of road and line se . 

 
  
Compare the sum cP + Pe for each case to verify 
that the location found for P minimizes this sum. 

ANSWER:  
Sample answer: 

 

Graph  and its image in the given line.

 
5. y  = –2 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line y  = –2. 
  
Vertex A is 3 units up from y  = –2, locate the point 
3 units down from y  = –2. A ' would be (1, –5). 
Vertex B is on the line y  = –2, so B' would be at the
same point (2, –2). 
Vertex C is 4 units up from y  = –2, locate the point 
4 units down from y  = –2. C' would be (7, –6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  
  

 

ANSWER:  

 

6. x = 3 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line x = 3. 
  
Vertex A is 2 units left from x = 3, locate the point 
2 units right from x = 3. A ' would be at (5, 1). 
Vertex B is 1 unit left from  x = 3, locate the point 1
unit right from x = 3. B' would be at (4, –2). 
Vertex C is 4 units right from x = 3, locate the point
4 units left from x = 3. C' would be at (–1, 2). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

Graph each figure and its image under the given
reflection. 

7.  with vertices X(0, 4), Y(–3, 4), and Z(–4, –1) 
in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 
X(0, 4) → X'(0, 4) 
Y(–3, 4) → Y'(3, 4) 
Z(–4, –1) →Z'(4, –1) 
  
Plot the points. Then connect the vertices, X ', Y', 
and Z' to form the reflected image. 
  

 

ANSWER:  

 

8.  QRST with vertices Q(–1, 4), R(4, 4), S(3, 1), and
T(–2, 1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

Q(–1, 4) → Q'(–1, –4) 

R(4, 4) → R'(4, –4) 

S(3, 1) →S'(3, –1) 

T(–2, 1) →T'(–2, –1) 
  
Plot the points. Then connect the vertices, Q', R', S',
and T' to form the reflected image. 
  

 

ANSWER:  

 

9. Given quadrilaterals J(–3, 1), K(–1, 3), L(1, 3), and M
(–3, –1) and its image J'(1, –3), K'(3, –1), L'(3, 1), 
and M'(–1, –3), describe the transformation using 
coordinate notation.  

SOLUTION:  
Plot the points for the preimage and the image. 
  

 
The transformation sends each vertex as follows.
  
J(–3, 1) →  J'(1, –3) 

K(–1, 3) →  K'(3, –1) 

L(1, 3) → L'(3, 1) 

M(–3, –1)  → M'(–1, –3) 
  
That means that (x, y ) → (y , x). 
  
This is the result of a reflection over the y = x .  

ANSWER:  
(x, y ) → (y , x); reflection in the y = x .  

TOOLS Copy the figure and the given line of 
reflection. Then draw the reflected image in this
line using a ruler. 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point X  to the 
line k. Then locate X ' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect the vertices, X ', Y', and Z' to form the 
reflected image.  

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line s. 
Step 2: Measure the distance from point J to the 
line s. Then locate J' the same distance from line s 
on the opposite side.  
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect the vertices J', K', L', and M' to 
form the reflected image.  

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line c. 
Step 2: Measure the distance from point E to the 
line c. Then locate E' the same distance from line c 
on the opposite side.  
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect the vertices, E', F', G' and H' to 
form the reflected image.  

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line t. 
Step 2: Measure the distance from point A  to the 
line t. Then locate A ' the same distance from line t 
on the opposite side.  
Step 3: Repeat Step 2 to locate points B', C' and 
D'. Then connect the vertices, A ', B', C' and D' to 
form the reflected image.  

 

ANSWER:  

 

14.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line w. 
Step 2: Measure the distance from point P to the 
line w. Then locate P' the same distance from line w
on the opposite side.  
Step 3: Repeat Step 2 to locate points Q', R', S', 
T,' and U'. Then connect the vertices P', Q', R', S', 
T', and U' to form the reflected image.  

 

ANSWER:  

 

15.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point V to the 
line f . Then locate V' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect the vertices, V', W', X ', Y' and
Z' to form the reflected image.  

 

ANSWER:  

 

SPORTS When a ball is rolled or struck without
spin against a wall, it bounces off the wall and 
travels in a ray that is the reflected image of the
path of the ball if it had gone straight through 
the wall. Use this information in Exercises 16 
and 17. 

 
16. BILLIARDS Tadeo is playing billiards. He wants to

strike the eight ball with the cue ball so that the eight 
ball bounces off the rail and rolls into the indicated 
pocket. If the eight ball moves with no spin, draw a 
diagram showing the exact point P along the right rail
where the eight ball should hit after being struck by 
the cue ball. 

 

SOLUTION:  
We want to determine where the 8 ball should hit the
rail so that it goes into the side pocket. To do this, we
will need to locate a point P on the rail of the table 
such that P is collinear with the side pocket and the 
reflection of the 8 ball.  
  
Step 1: Locate the reflection of the 8 ball. The rail 
(red line) is equidistant from the 8 ball and the 
reflection. 

 
Step 2: Draw a line from the side pocket to the 
reflection. We now know the line along which the 8 
ball should travel in order to go into the side pocket. 

 
The intersection of the red and blue lines is the 
location of point P. The distance from P to the 8 ball 
and from P to the reflection are equal. 

 

ANSWER:  

 

17. INDOOR SOCCER Abby is playing indoor soccer,
and she wants to hit the ball to point C, but must 
avoid an opposing player at point B. She decides to 
hit the ball at point A so that it bounces off the side 
wall. Draw a diagram that shows the exact point 
along the top wall for which Abby should aim. 

 

SOLUTION:  
You are asked to locate a point P on line k such 
that cP + A'P  has the least possible value. 
 
The total distance from c to P and then from A ' to P
is least when these three points are collinear. Use 
the reflection of point A  in line k to find the location 
for point P. 
  
Draw A 'c . Locate P at the intersection of line k and
line A 'c. 
  
Compare the sum cP + A'P  for each case to verify 
that the location found for P minimizes this sum 

 

ANSWER:  

 

Graph each figure and its image in the given 
line. 

 

 

 
18.  y  = 3 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line y  =
3. 
  
Draw y  = 3. 
  
Vertex A is 5 units up from y  = 3, locate the point 5
units down from y  = 3. A ' would be (–5, –2). 
Vertex B is 2 units up from the y  = 3,  locate the 
point 2 units down from y  = 3. B' would be (–1, 1). 
Vertex C is 3 units down from y  = 3, locate the 
point 3 units up from y  = 3. C' would be (–4, 6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

19.  x = –1 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line x =
–1. 
  
Draw x = –1. 
  
Vertex A is 4 units left from x = –1, locate the point
4 units right from x = –1. A ' would be (3, 8). 
Vertex B is on the line x = –1,  so B' would be (–1, 
5). 
Vertex C is 3 units left from x = –1, locate the point
3 units right from x = –1. C' would be (2, 0). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

20. JKLM; x = 1 

SOLUTION:  
J is (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line x = 1. 
  
Draw the line x = 1. 
  
Vertex J is at 2 units right from x = 1, locate the 
point 2 units left from x = 1. J' would be (–1, 8). 
Vertex K is 5 units right from x = 1, locate the point
5 units left from x = 1. K' would be (–4, 8). 
Vertex L is 5 units right from x = 1, locate the point 
5 units left from x = 1. L' would be (–4, 5). 
Vertex M is on x = 1, so M' would be (1, 2). 
  
Then connect the vertices, J', K', L', and M' to form
the reflected image. 

 

ANSWER:  

 

21. JKLM; y  = 4 

SOLUTION:  
J is at (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line y  = 4. 
  
Draw the line y  = 4. 
  
Vertex J is 4 units up from y  = 4, locate the point 4 
units down from y  = 4. J' would be (3, 0). 
Vertex K is 4 units up from y  = 4, locate the point 4
units down from y  = 4. K' would be (6, 0). 
Vertex L is 1 unit up from y  = 4, locate the point 1 
unit down from y  = 4. L' would be (6, 3). 
Vertex M is 2 units down from y  = 4, locate the 
point 2 units up from y  = 4. M' would be (1, 6). 
  
Then connect the vertices J', K', L', and M' to form 
the reflected image. 

 

ANSWER:  

 

22. WXYZ; y  = –4 

SOLUTION:  
W is at (–2, –2), X  is at (6, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line y  = –4. 
  
Draw the line y  = –4. 
  
Vertex W is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. W' would be (–2, –6). 
Vertex X is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. X ' would be (6, –6). 
Vertex Y is 1 unit down from y  = –4, locate the 
point 1 unit up from y  = –4. Y' would be (4, –3). 
Vertex Z is 3 units down from y  = –4, locate the 
point 3 units up from y  = –4. Z' would be (0, –1). 
  
Then connect the vertices W', X ', Y', and Z' to form 
the reflected image. 
  

 

ANSWER:  

 

23. WXYZ; x = –2 

SOLUTION:  
W is at (–2, –2), X  is at (5, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line x = –2. 
  
Draw the line x = –2. 
  
Vertex W is on x = –2, so W' would be (–2, –2). 
Vertex X is 7 units right from x = –2, locate the 
point 7 units left from x = –2. X ' would be (–9, –2).
Vertex Y is 6 units right from x = –2, locate the 
point 6 units left from x = –2. Y' would be (–8, –5). 
Vertex Z is 2 units right from x = –2, locate the 
point 2 units left from x = –2. Z' would be (–4, –7).
  
Then connect the vertices, W', X ', Y', and Z' to form
the reflected image. 
  

 

ANSWER:  

 

STRUCTURE  Graph each figure and its image 
under the given reflection. 

24. rectangle ABCD with vertices A(–5, 2), B(1, 2), C(1, 
–1), and D(–5, –1) in the line y  = –2 

SOLUTION:  
To reflect over the line  y  = –2, subtract from the y -
coordinate the distance from the y  = –2 line.  
  
(x, y ) → (x, y – distance from y = –2 ) 

A(–5, 2) → Distance: +4, A'(–5, –6) 

B(1, 2) → Distance: +4, B'(1, –6) 

C(1, –1) → Distance: +1, C'(1, –3), 

D(–5, –1) →Distance: +1, D'(–5, –3) 
  
Plot the points. Then connect the vertices, A ', B', 
C', and D' to form the reflected image. 

 

ANSWER:  

 

25. square JKLM  with vertices J(–4, 6), K(0, 6), L(0, 2),
and M (–4, 2) in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 

J(–4, 6) → J'(4, 6) 

K(0, 6), → K'(0, 6) 

L(0, 2) → L'(0, 2) 

M(–4, 2)  → M'(4, 2) 
  
Plot the points. Then connect the vertices, J, K', 
L',and M' to form the reflected image. 

 

ANSWER:  

 

26.  with vertices F(–3, 2), G(–4, –1), and H(–6, 
–1) in the line y  = x 

SOLUTION:  
To reflect over line y  = x, interchange the x- and  y -
coordinates.  
  
(x, y ) → (y, x)  

 F(–3, 2), →   F'(2, –3) 

G(–4, –1) → G'(–1, –4) 

H(–6, –1) → H'(–1, –6) 
  
Plot the points. Then connect the vertices, F', G', 
and H' to form the reflected image. 
  

 

ANSWER:  

 

27.  with vertices W(2, 3), X(7, 3), Y(6, –1), and 

Z(1, –1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

W(2, 3) →  W'(2, –3) 

X(7, 3) → X'(7, –3), 

Y(6, –1) → Y'(6, 1) 

Z(1, –1) →  Z'(1, 1) 
  
Plot the points. Then connect the vertices, W', X ', 
Y',and Z' to form the reflected image. 
  

 

ANSWER:  

 

Given each figure and image, describe the 
transformation using coordinate notation. 

28. P(–1, 4), Q(2, 4), R(1, –1), and S(–1, –1) and P'(1, 
4), Q'(–2, 4), R'(–1, –1), and S'(1, –1)  

SOLUTION:  
Plot the points for the figure and its image.  

 
Compare the coordinates. 
  
P(–1, 4) →  P'(1, 4) 

Q(2, 4) → Q'(–2, 4) 

R(1, –1) → R'(–1, –1) 

S(–1, –1) →  S'(1, –1) 

To get from the figure to its image each (x, y ) → (–
x, y ). 
This means a reflection in the y -axis.  

ANSWER:  
(x, y ) → (–x, y ); reflection in the y -axis 

29. S(–3, –2), T(–2, 3), and U(2, 2) and S'(–2, –3), T'(3, 
–2), and U'(2, 2) 

SOLUTION:  
Plot the points for the figure and its image.  
  

 
  
Compare the coordinates. 
  
S(–3, –2) → S'(–2 –3) 

T(–2, 3) → T'(3, –2) 

U(2, 2) → U'(2, 2) 
Each vertex is transformed by (x, y ) → (y , x). 
This is a reflection in the line y  = x, interchange the 
x- and  y -coordinates.  

ANSWER:  
(x, y ) → (y , x); reflection in the line y  = x 

Each figure shows a preimage and its reflected 
image in some line. Copy each figure and draw 
the line of reflection. 

30.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

31.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  

 

ANSWER:  

 

32.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

CONSTRUCTION To construct the reflection 
of a figure in a line using only a compass and a 
straightedge, 
you can use: 
• the construction of a line perpendicular to a 
given line through a point not on the line 
(Lesson 1-5), and 
• the construction of a segment congruent to a 
given segment (Lesson 1-2). 

 
TOOLS  Copy each figure and the given line of 
reflection. Then construct the reflected image. 

33.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at B 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from B to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
A and C. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

34.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at K 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from K to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
J and L. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
  
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

35. ARCHITECTURE Refer to the photo of the 
building on page 227.  
a. Identify the line of reflection.  
b. Identify the preimage/image pairs. Assume that 
architectural features on the left-hand side of the 
picture represent the preimages. 

SOLUTION:  

a. is the line of reflection because each point to
its left matches a point to its right.  
b. A and C, D and F,  and ,  and .  

ANSWER:  

a.  

b. A and C, D and F,  and ,  and .  

ALGEBRA Graph the line y  = 2x – 3 and its 
reflected image in the given line. What is the 
equation of the reflected image? 

36. x-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the x-axis, the x-intercept will 
be the same in the reflection. Use the y-intercept to 
find a second point on the reflected line. Since the y-
intercept is –3,  the y-intercept of the reflected line 
will be 3.  
  
Use (1.5, 0) and (0, 3) to write an equation for the 
reflected line.  
  

 
  

 
  

 

ANSWER:  

 

37. y-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y-axis, the y-intercept will 
be the same in the reflection. Use the x-intercept to 
find a second point on the reflected line. Since the x-
intercept is 1.5,  the x-intercept of the reflected line 
will be –1.5.  
  
Use (–1.5, 0) and (0, –3) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

38. y  = x 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y = x line, the x- and y-
coordinates are switched. Switch the coordinates for 
the intercepts.  The y-intercept is (0, –3), so x-
intercept of the reflected line would be (–3, 0). The 
x-intercept is (1.5, 0), so y-intercept of the reflected 
line would be (0, 1.5) 
  
Use (0, 1.5) and (–3, 0) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

39. Reflect  shown below in the line y  = 3x. 

 

SOLUTION:  
Each vertex and its image will be equidistant from y  
= 3x. To estimate the placement of the images of 
each vertex, first find the equation of the lines 
perpendicular to y  = 3x that pass through each 

vertex. Each of these lines will have the slope , 

which is the negative reciprocal of the slope in y  = 
3x. 
  
Vertex C(-3, 6) 

 
Graph this line. Use a ruler to find the distance 
between C(-3, 6) and the point of intersection with 
the line of reflection. Mark C' an equal distance 
along this line. 
  
Vertex D(-1, 1) 

 
Graph this line. Use a ruler to find the distance 
between D(-1, 1) and the point of intersection with 
the line of reflection. Mark D' an equal distance 
along this line. 
  
Vertex E(3, 5) 

 
Graph this line. Use a ruler to find the distance 
between E(3, 5) and the point of intersection with 
the line of reflection. Mark E' an equal distance 
along this line. 
Connect the vertices, C', D', and E' to form the 
reflected image. 

 
  

 

ANSWER:  

 

40. Relocate vertex C so that ABCDE is convex, and all 
sides remain the same length. 

 

SOLUTION:  
If you reflect vertex C over the BD line, the figure 
would become convex.  

 

ANSWER:  

 

ALGEBRA Graph the reflection of each 
function in the given line. Then write the 
equation of the reflected image. 

41. x-axis 

 

SOLUTION:  
To reflect a point in the x-axis, multiply its y -
coordinate by –1.  
  
To reflect   in the x-axis multiply by –
1.  

 

ANSWER:  

 

42. y-axis 

 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
To reflect  over the y -axis, multiply x 
by –1. The reflected equation will then be 

. 
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Copy the figure and the given line of reflection. 
Then draw the reflected image in this line using
a ruler. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line a. 
Step 2: Measure the distance from point C to the 
line a. Then locate C' the same distance from line a 
on the opposite side.  
Step 3: Repeat Step 2 to locate points D' and F'. 
Then connect the vertices, C', D', and F' to form 
the reflected image.  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point Q to the 
line k. Then locate Q' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points R', S' and 
T'. Then connect the vertices, Q', R', S', and T' to 
form the reflected image.  

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point W to the 
line f . Then locate W' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect the vertices, W', X ', Y' and Z' to 
form the reflected image.  
  

 

ANSWER:  

 

4. SPORTING EVENTS Toru is waiting at a café for 
a friend to bring him a ticket to a sold-out sporting 
event. At what point P along the street should the 
friend try to stop his car to minimize the distance 
Toru will have to walk from the café, to the car, and 
then to the arena entrance? Draw a diagram. 

 

SOLUTION:  
 You are asked to locate a point P on line se such 
that cP + Pe has the least possible value. 
 
The total distance from s to P and then from P to e 
is least when these three points are collinear. Use 
the reflection of point c over the road to find the 
location for point P. 
  
 Draw c'e (or se).  

 
  
Locate P at the intersection of road and line se . 

 
  
Compare the sum cP + Pe for each case to verify 
that the location found for P minimizes this sum. 

ANSWER:  
Sample answer: 

 

Graph  and its image in the given line.

 
5. y  = –2 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line y  = –2. 
  
Vertex A is 3 units up from y  = –2, locate the point 
3 units down from y  = –2. A ' would be (1, –5). 
Vertex B is on the line y  = –2, so B' would be at the
same point (2, –2). 
Vertex C is 4 units up from y  = –2, locate the point 
4 units down from y  = –2. C' would be (7, –6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  
  

 

ANSWER:  

 

6. x = 3 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line x = 3. 
  
Vertex A is 2 units left from x = 3, locate the point 
2 units right from x = 3. A ' would be at (5, 1). 
Vertex B is 1 unit left from  x = 3, locate the point 1
unit right from x = 3. B' would be at (4, –2). 
Vertex C is 4 units right from x = 3, locate the point
4 units left from x = 3. C' would be at (–1, 2). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

Graph each figure and its image under the given
reflection. 

7.  with vertices X(0, 4), Y(–3, 4), and Z(–4, –1) 
in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 
X(0, 4) → X'(0, 4) 
Y(–3, 4) → Y'(3, 4) 
Z(–4, –1) →Z'(4, –1) 
  
Plot the points. Then connect the vertices, X ', Y', 
and Z' to form the reflected image. 
  

 

ANSWER:  

 

8.  QRST with vertices Q(–1, 4), R(4, 4), S(3, 1), and
T(–2, 1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

Q(–1, 4) → Q'(–1, –4) 

R(4, 4) → R'(4, –4) 

S(3, 1) →S'(3, –1) 

T(–2, 1) →T'(–2, –1) 
  
Plot the points. Then connect the vertices, Q', R', S',
and T' to form the reflected image. 
  

 

ANSWER:  

 

9. Given quadrilaterals J(–3, 1), K(–1, 3), L(1, 3), and M
(–3, –1) and its image J'(1, –3), K'(3, –1), L'(3, 1), 
and M'(–1, –3), describe the transformation using 
coordinate notation.  

SOLUTION:  
Plot the points for the preimage and the image. 
  

 
The transformation sends each vertex as follows.
  
J(–3, 1) →  J'(1, –3) 

K(–1, 3) →  K'(3, –1) 

L(1, 3) → L'(3, 1) 

M(–3, –1)  → M'(–1, –3) 
  
That means that (x, y ) → (y , x). 
  
This is the result of a reflection over the y = x .  

ANSWER:  
(x, y ) → (y , x); reflection in the y = x .  

TOOLS Copy the figure and the given line of 
reflection. Then draw the reflected image in this
line using a ruler. 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point X  to the 
line k. Then locate X ' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect the vertices, X ', Y', and Z' to form the 
reflected image.  

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line s. 
Step 2: Measure the distance from point J to the 
line s. Then locate J' the same distance from line s 
on the opposite side.  
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect the vertices J', K', L', and M' to 
form the reflected image.  

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line c. 
Step 2: Measure the distance from point E to the 
line c. Then locate E' the same distance from line c 
on the opposite side.  
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect the vertices, E', F', G' and H' to 
form the reflected image.  

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line t. 
Step 2: Measure the distance from point A  to the 
line t. Then locate A ' the same distance from line t 
on the opposite side.  
Step 3: Repeat Step 2 to locate points B', C' and 
D'. Then connect the vertices, A ', B', C' and D' to 
form the reflected image.  

 

ANSWER:  

 

14.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line w. 
Step 2: Measure the distance from point P to the 
line w. Then locate P' the same distance from line w
on the opposite side.  
Step 3: Repeat Step 2 to locate points Q', R', S', 
T,' and U'. Then connect the vertices P', Q', R', S', 
T', and U' to form the reflected image.  

 

ANSWER:  

 

15.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point V to the 
line f . Then locate V' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect the vertices, V', W', X ', Y' and
Z' to form the reflected image.  

 

ANSWER:  

 

SPORTS When a ball is rolled or struck without
spin against a wall, it bounces off the wall and 
travels in a ray that is the reflected image of the
path of the ball if it had gone straight through 
the wall. Use this information in Exercises 16 
and 17. 

 
16. BILLIARDS Tadeo is playing billiards. He wants to

strike the eight ball with the cue ball so that the eight 
ball bounces off the rail and rolls into the indicated 
pocket. If the eight ball moves with no spin, draw a 
diagram showing the exact point P along the right rail
where the eight ball should hit after being struck by 
the cue ball. 

 

SOLUTION:  
We want to determine where the 8 ball should hit the
rail so that it goes into the side pocket. To do this, we
will need to locate a point P on the rail of the table 
such that P is collinear with the side pocket and the 
reflection of the 8 ball.  
  
Step 1: Locate the reflection of the 8 ball. The rail 
(red line) is equidistant from the 8 ball and the 
reflection. 

 
Step 2: Draw a line from the side pocket to the 
reflection. We now know the line along which the 8 
ball should travel in order to go into the side pocket. 

 
The intersection of the red and blue lines is the 
location of point P. The distance from P to the 8 ball 
and from P to the reflection are equal. 

 

ANSWER:  

 

17. INDOOR SOCCER Abby is playing indoor soccer,
and she wants to hit the ball to point C, but must 
avoid an opposing player at point B. She decides to 
hit the ball at point A so that it bounces off the side 
wall. Draw a diagram that shows the exact point 
along the top wall for which Abby should aim. 

 

SOLUTION:  
You are asked to locate a point P on line k such 
that cP + A'P  has the least possible value. 
 
The total distance from c to P and then from A ' to P
is least when these three points are collinear. Use 
the reflection of point A  in line k to find the location 
for point P. 
  
Draw A 'c . Locate P at the intersection of line k and
line A 'c. 
  
Compare the sum cP + A'P  for each case to verify 
that the location found for P minimizes this sum 

 

ANSWER:  

 

Graph each figure and its image in the given 
line. 

 

 

 
18.  y  = 3 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line y  =
3. 
  
Draw y  = 3. 
  
Vertex A is 5 units up from y  = 3, locate the point 5
units down from y  = 3. A ' would be (–5, –2). 
Vertex B is 2 units up from the y  = 3,  locate the 
point 2 units down from y  = 3. B' would be (–1, 1). 
Vertex C is 3 units down from y  = 3, locate the 
point 3 units up from y  = 3. C' would be (–4, 6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

19.  x = –1 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line x =
–1. 
  
Draw x = –1. 
  
Vertex A is 4 units left from x = –1, locate the point
4 units right from x = –1. A ' would be (3, 8). 
Vertex B is on the line x = –1,  so B' would be (–1, 
5). 
Vertex C is 3 units left from x = –1, locate the point
3 units right from x = –1. C' would be (2, 0). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

20. JKLM; x = 1 

SOLUTION:  
J is (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line x = 1. 
  
Draw the line x = 1. 
  
Vertex J is at 2 units right from x = 1, locate the 
point 2 units left from x = 1. J' would be (–1, 8). 
Vertex K is 5 units right from x = 1, locate the point
5 units left from x = 1. K' would be (–4, 8). 
Vertex L is 5 units right from x = 1, locate the point 
5 units left from x = 1. L' would be (–4, 5). 
Vertex M is on x = 1, so M' would be (1, 2). 
  
Then connect the vertices, J', K', L', and M' to form
the reflected image. 

 

ANSWER:  

 

21. JKLM; y  = 4 

SOLUTION:  
J is at (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line y  = 4. 
  
Draw the line y  = 4. 
  
Vertex J is 4 units up from y  = 4, locate the point 4 
units down from y  = 4. J' would be (3, 0). 
Vertex K is 4 units up from y  = 4, locate the point 4
units down from y  = 4. K' would be (6, 0). 
Vertex L is 1 unit up from y  = 4, locate the point 1 
unit down from y  = 4. L' would be (6, 3). 
Vertex M is 2 units down from y  = 4, locate the 
point 2 units up from y  = 4. M' would be (1, 6). 
  
Then connect the vertices J', K', L', and M' to form 
the reflected image. 

 

ANSWER:  

 

22. WXYZ; y  = –4 

SOLUTION:  
W is at (–2, –2), X  is at (6, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line y  = –4. 
  
Draw the line y  = –4. 
  
Vertex W is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. W' would be (–2, –6). 
Vertex X is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. X ' would be (6, –6). 
Vertex Y is 1 unit down from y  = –4, locate the 
point 1 unit up from y  = –4. Y' would be (4, –3). 
Vertex Z is 3 units down from y  = –4, locate the 
point 3 units up from y  = –4. Z' would be (0, –1). 
  
Then connect the vertices W', X ', Y', and Z' to form 
the reflected image. 
  

 

ANSWER:  

 

23. WXYZ; x = –2 

SOLUTION:  
W is at (–2, –2), X  is at (5, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line x = –2. 
  
Draw the line x = –2. 
  
Vertex W is on x = –2, so W' would be (–2, –2). 
Vertex X is 7 units right from x = –2, locate the 
point 7 units left from x = –2. X ' would be (–9, –2).
Vertex Y is 6 units right from x = –2, locate the 
point 6 units left from x = –2. Y' would be (–8, –5). 
Vertex Z is 2 units right from x = –2, locate the 
point 2 units left from x = –2. Z' would be (–4, –7).
  
Then connect the vertices, W', X ', Y', and Z' to form
the reflected image. 
  

 

ANSWER:  

 

STRUCTURE  Graph each figure and its image 
under the given reflection. 

24. rectangle ABCD with vertices A(–5, 2), B(1, 2), C(1, 
–1), and D(–5, –1) in the line y  = –2 

SOLUTION:  
To reflect over the line  y  = –2, subtract from the y -
coordinate the distance from the y  = –2 line.  
  
(x, y ) → (x, y – distance from y = –2 ) 

A(–5, 2) → Distance: +4, A'(–5, –6) 

B(1, 2) → Distance: +4, B'(1, –6) 

C(1, –1) → Distance: +1, C'(1, –3), 

D(–5, –1) →Distance: +1, D'(–5, –3) 
  
Plot the points. Then connect the vertices, A ', B', 
C', and D' to form the reflected image. 

 

ANSWER:  

 

25. square JKLM  with vertices J(–4, 6), K(0, 6), L(0, 2),
and M (–4, 2) in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 

J(–4, 6) → J'(4, 6) 

K(0, 6), → K'(0, 6) 

L(0, 2) → L'(0, 2) 

M(–4, 2)  → M'(4, 2) 
  
Plot the points. Then connect the vertices, J, K', 
L',and M' to form the reflected image. 

 

ANSWER:  

 

26.  with vertices F(–3, 2), G(–4, –1), and H(–6, 
–1) in the line y  = x 

SOLUTION:  
To reflect over line y  = x, interchange the x- and  y -
coordinates.  
  
(x, y ) → (y, x)  

 F(–3, 2), →   F'(2, –3) 

G(–4, –1) → G'(–1, –4) 

H(–6, –1) → H'(–1, –6) 
  
Plot the points. Then connect the vertices, F', G', 
and H' to form the reflected image. 
  

 

ANSWER:  

 

27.  with vertices W(2, 3), X(7, 3), Y(6, –1), and 

Z(1, –1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

W(2, 3) →  W'(2, –3) 

X(7, 3) → X'(7, –3), 

Y(6, –1) → Y'(6, 1) 

Z(1, –1) →  Z'(1, 1) 
  
Plot the points. Then connect the vertices, W', X ', 
Y',and Z' to form the reflected image. 
  

 

ANSWER:  

 

Given each figure and image, describe the 
transformation using coordinate notation. 

28. P(–1, 4), Q(2, 4), R(1, –1), and S(–1, –1) and P'(1, 
4), Q'(–2, 4), R'(–1, –1), and S'(1, –1)  

SOLUTION:  
Plot the points for the figure and its image.  

 
Compare the coordinates. 
  
P(–1, 4) →  P'(1, 4) 

Q(2, 4) → Q'(–2, 4) 

R(1, –1) → R'(–1, –1) 

S(–1, –1) →  S'(1, –1) 

To get from the figure to its image each (x, y ) → (–
x, y ). 
This means a reflection in the y -axis.  

ANSWER:  
(x, y ) → (–x, y ); reflection in the y -axis 

29. S(–3, –2), T(–2, 3), and U(2, 2) and S'(–2, –3), T'(3, 
–2), and U'(2, 2) 

SOLUTION:  
Plot the points for the figure and its image.  
  

 
  
Compare the coordinates. 
  
S(–3, –2) → S'(–2 –3) 

T(–2, 3) → T'(3, –2) 

U(2, 2) → U'(2, 2) 
Each vertex is transformed by (x, y ) → (y , x). 
This is a reflection in the line y  = x, interchange the 
x- and  y -coordinates.  

ANSWER:  
(x, y ) → (y , x); reflection in the line y  = x 

Each figure shows a preimage and its reflected 
image in some line. Copy each figure and draw 
the line of reflection. 

30.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

31.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  

 

ANSWER:  

 

32.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

CONSTRUCTION To construct the reflection 
of a figure in a line using only a compass and a 
straightedge, 
you can use: 
• the construction of a line perpendicular to a 
given line through a point not on the line 
(Lesson 1-5), and 
• the construction of a segment congruent to a 
given segment (Lesson 1-2). 

 
TOOLS  Copy each figure and the given line of 
reflection. Then construct the reflected image. 

33.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at B 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from B to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
A and C. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

34.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at K 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from K to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
J and L. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
  
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

35. ARCHITECTURE Refer to the photo of the 
building on page 227.  
a. Identify the line of reflection.  
b. Identify the preimage/image pairs. Assume that 
architectural features on the left-hand side of the 
picture represent the preimages. 

SOLUTION:  

a. is the line of reflection because each point to
its left matches a point to its right.  
b. A and C, D and F,  and ,  and .  

ANSWER:  

a.  

b. A and C, D and F,  and ,  and .  

ALGEBRA Graph the line y  = 2x – 3 and its 
reflected image in the given line. What is the 
equation of the reflected image? 

36. x-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the x-axis, the x-intercept will 
be the same in the reflection. Use the y-intercept to 
find a second point on the reflected line. Since the y-
intercept is –3,  the y-intercept of the reflected line 
will be 3.  
  
Use (1.5, 0) and (0, 3) to write an equation for the 
reflected line.  
  

 
  

 
  

 

ANSWER:  

 

37. y-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y-axis, the y-intercept will 
be the same in the reflection. Use the x-intercept to 
find a second point on the reflected line. Since the x-
intercept is 1.5,  the x-intercept of the reflected line 
will be –1.5.  
  
Use (–1.5, 0) and (0, –3) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

38. y  = x 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y = x line, the x- and y-
coordinates are switched. Switch the coordinates for 
the intercepts.  The y-intercept is (0, –3), so x-
intercept of the reflected line would be (–3, 0). The 
x-intercept is (1.5, 0), so y-intercept of the reflected 
line would be (0, 1.5) 
  
Use (0, 1.5) and (–3, 0) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

39. Reflect  shown below in the line y  = 3x. 

 

SOLUTION:  
Each vertex and its image will be equidistant from y  
= 3x. To estimate the placement of the images of 
each vertex, first find the equation of the lines 
perpendicular to y  = 3x that pass through each 

vertex. Each of these lines will have the slope , 

which is the negative reciprocal of the slope in y  = 
3x. 
  
Vertex C(-3, 6) 

 
Graph this line. Use a ruler to find the distance 
between C(-3, 6) and the point of intersection with 
the line of reflection. Mark C' an equal distance 
along this line. 
  
Vertex D(-1, 1) 

 
Graph this line. Use a ruler to find the distance 
between D(-1, 1) and the point of intersection with 
the line of reflection. Mark D' an equal distance 
along this line. 
  
Vertex E(3, 5) 

 
Graph this line. Use a ruler to find the distance 
between E(3, 5) and the point of intersection with 
the line of reflection. Mark E' an equal distance 
along this line. 
Connect the vertices, C', D', and E' to form the 
reflected image. 

 
  

 

ANSWER:  

 

40. Relocate vertex C so that ABCDE is convex, and all 
sides remain the same length. 

 

SOLUTION:  
If you reflect vertex C over the BD line, the figure 
would become convex.  

 

ANSWER:  

 

ALGEBRA Graph the reflection of each 
function in the given line. Then write the 
equation of the reflected image. 

41. x-axis 

 

SOLUTION:  
To reflect a point in the x-axis, multiply its y -
coordinate by –1.  
  
To reflect   in the x-axis multiply by –
1.  

 

ANSWER:  

 

42. y-axis 

 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
To reflect  over the y -axis, multiply x 
by –1. The reflected equation will then be 

. 

  
  

 

Copy the figure and the given line of reflection. 
Then draw the reflected image in this line using
a ruler. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line a. 
Step 2: Measure the distance from point C to the 
line a. Then locate C' the same distance from line a 
on the opposite side.  
Step 3: Repeat Step 2 to locate points D' and F'. 
Then connect the vertices, C', D', and F' to form 
the reflected image.  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point Q to the 
line k. Then locate Q' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points R', S' and 
T'. Then connect the vertices, Q', R', S', and T' to 
form the reflected image.  

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point W to the 
line f . Then locate W' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect the vertices, W', X ', Y' and Z' to 
form the reflected image.  
  

 

ANSWER:  

 

4. SPORTING EVENTS Toru is waiting at a café for 
a friend to bring him a ticket to a sold-out sporting 
event. At what point P along the street should the 
friend try to stop his car to minimize the distance 
Toru will have to walk from the café, to the car, and 
then to the arena entrance? Draw a diagram. 

 

SOLUTION:  
 You are asked to locate a point P on line se such 
that cP + Pe has the least possible value. 
 
The total distance from s to P and then from P to e 
is least when these three points are collinear. Use 
the reflection of point c over the road to find the 
location for point P. 
  
 Draw c'e (or se).  

 
  
Locate P at the intersection of road and line se . 

 
  
Compare the sum cP + Pe for each case to verify 
that the location found for P minimizes this sum. 

ANSWER:  
Sample answer: 

 

Graph  and its image in the given line.

 
5. y  = –2 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line y  = –2. 
  
Vertex A is 3 units up from y  = –2, locate the point 
3 units down from y  = –2. A ' would be (1, –5). 
Vertex B is on the line y  = –2, so B' would be at the
same point (2, –2). 
Vertex C is 4 units up from y  = –2, locate the point 
4 units down from y  = –2. C' would be (7, –6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  
  

 

ANSWER:  

 

6. x = 3 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line x = 3. 
  
Vertex A is 2 units left from x = 3, locate the point 
2 units right from x = 3. A ' would be at (5, 1). 
Vertex B is 1 unit left from  x = 3, locate the point 1
unit right from x = 3. B' would be at (4, –2). 
Vertex C is 4 units right from x = 3, locate the point
4 units left from x = 3. C' would be at (–1, 2). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

Graph each figure and its image under the given
reflection. 

7.  with vertices X(0, 4), Y(–3, 4), and Z(–4, –1) 
in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 
X(0, 4) → X'(0, 4) 
Y(–3, 4) → Y'(3, 4) 
Z(–4, –1) →Z'(4, –1) 
  
Plot the points. Then connect the vertices, X ', Y', 
and Z' to form the reflected image. 
  

 

ANSWER:  

 

8.  QRST with vertices Q(–1, 4), R(4, 4), S(3, 1), and
T(–2, 1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

Q(–1, 4) → Q'(–1, –4) 

R(4, 4) → R'(4, –4) 

S(3, 1) →S'(3, –1) 

T(–2, 1) →T'(–2, –1) 
  
Plot the points. Then connect the vertices, Q', R', S',
and T' to form the reflected image. 
  

 

ANSWER:  

 

9. Given quadrilaterals J(–3, 1), K(–1, 3), L(1, 3), and M
(–3, –1) and its image J'(1, –3), K'(3, –1), L'(3, 1), 
and M'(–1, –3), describe the transformation using 
coordinate notation.  

SOLUTION:  
Plot the points for the preimage and the image. 
  

 
The transformation sends each vertex as follows.
  
J(–3, 1) →  J'(1, –3) 

K(–1, 3) →  K'(3, –1) 

L(1, 3) → L'(3, 1) 

M(–3, –1)  → M'(–1, –3) 
  
That means that (x, y ) → (y , x). 
  
This is the result of a reflection over the y = x .  

ANSWER:  
(x, y ) → (y , x); reflection in the y = x .  

TOOLS Copy the figure and the given line of 
reflection. Then draw the reflected image in this
line using a ruler. 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point X  to the 
line k. Then locate X ' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect the vertices, X ', Y', and Z' to form the 
reflected image.  

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line s. 
Step 2: Measure the distance from point J to the 
line s. Then locate J' the same distance from line s 
on the opposite side.  
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect the vertices J', K', L', and M' to 
form the reflected image.  

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line c. 
Step 2: Measure the distance from point E to the 
line c. Then locate E' the same distance from line c 
on the opposite side.  
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect the vertices, E', F', G' and H' to 
form the reflected image.  

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line t. 
Step 2: Measure the distance from point A  to the 
line t. Then locate A ' the same distance from line t 
on the opposite side.  
Step 3: Repeat Step 2 to locate points B', C' and 
D'. Then connect the vertices, A ', B', C' and D' to 
form the reflected image.  

 

ANSWER:  

 

14.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line w. 
Step 2: Measure the distance from point P to the 
line w. Then locate P' the same distance from line w
on the opposite side.  
Step 3: Repeat Step 2 to locate points Q', R', S', 
T,' and U'. Then connect the vertices P', Q', R', S', 
T', and U' to form the reflected image.  

 

ANSWER:  

 

15.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point V to the 
line f . Then locate V' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect the vertices, V', W', X ', Y' and
Z' to form the reflected image.  

 

ANSWER:  

 

SPORTS When a ball is rolled or struck without
spin against a wall, it bounces off the wall and 
travels in a ray that is the reflected image of the
path of the ball if it had gone straight through 
the wall. Use this information in Exercises 16 
and 17. 

 
16. BILLIARDS Tadeo is playing billiards. He wants to

strike the eight ball with the cue ball so that the eight 
ball bounces off the rail and rolls into the indicated 
pocket. If the eight ball moves with no spin, draw a 
diagram showing the exact point P along the right rail
where the eight ball should hit after being struck by 
the cue ball. 

 

SOLUTION:  
We want to determine where the 8 ball should hit the
rail so that it goes into the side pocket. To do this, we
will need to locate a point P on the rail of the table 
such that P is collinear with the side pocket and the 
reflection of the 8 ball.  
  
Step 1: Locate the reflection of the 8 ball. The rail 
(red line) is equidistant from the 8 ball and the 
reflection. 

 
Step 2: Draw a line from the side pocket to the 
reflection. We now know the line along which the 8 
ball should travel in order to go into the side pocket. 

 
The intersection of the red and blue lines is the 
location of point P. The distance from P to the 8 ball 
and from P to the reflection are equal. 

 

ANSWER:  

 

17. INDOOR SOCCER Abby is playing indoor soccer,
and she wants to hit the ball to point C, but must 
avoid an opposing player at point B. She decides to 
hit the ball at point A so that it bounces off the side 
wall. Draw a diagram that shows the exact point 
along the top wall for which Abby should aim. 

 

SOLUTION:  
You are asked to locate a point P on line k such 
that cP + A'P  has the least possible value. 
 
The total distance from c to P and then from A ' to P
is least when these three points are collinear. Use 
the reflection of point A  in line k to find the location 
for point P. 
  
Draw A 'c . Locate P at the intersection of line k and
line A 'c. 
  
Compare the sum cP + A'P  for each case to verify 
that the location found for P minimizes this sum 

 

ANSWER:  

 

Graph each figure and its image in the given 
line. 

 

 

 
18.  y  = 3 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line y  =
3. 
  
Draw y  = 3. 
  
Vertex A is 5 units up from y  = 3, locate the point 5
units down from y  = 3. A ' would be (–5, –2). 
Vertex B is 2 units up from the y  = 3,  locate the 
point 2 units down from y  = 3. B' would be (–1, 1). 
Vertex C is 3 units down from y  = 3, locate the 
point 3 units up from y  = 3. C' would be (–4, 6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

19.  x = –1 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line x =
–1. 
  
Draw x = –1. 
  
Vertex A is 4 units left from x = –1, locate the point
4 units right from x = –1. A ' would be (3, 8). 
Vertex B is on the line x = –1,  so B' would be (–1, 
5). 
Vertex C is 3 units left from x = –1, locate the point
3 units right from x = –1. C' would be (2, 0). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

20. JKLM; x = 1 

SOLUTION:  
J is (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line x = 1. 
  
Draw the line x = 1. 
  
Vertex J is at 2 units right from x = 1, locate the 
point 2 units left from x = 1. J' would be (–1, 8). 
Vertex K is 5 units right from x = 1, locate the point
5 units left from x = 1. K' would be (–4, 8). 
Vertex L is 5 units right from x = 1, locate the point 
5 units left from x = 1. L' would be (–4, 5). 
Vertex M is on x = 1, so M' would be (1, 2). 
  
Then connect the vertices, J', K', L', and M' to form
the reflected image. 

 

ANSWER:  

 

21. JKLM; y  = 4 

SOLUTION:  
J is at (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line y  = 4. 
  
Draw the line y  = 4. 
  
Vertex J is 4 units up from y  = 4, locate the point 4 
units down from y  = 4. J' would be (3, 0). 
Vertex K is 4 units up from y  = 4, locate the point 4
units down from y  = 4. K' would be (6, 0). 
Vertex L is 1 unit up from y  = 4, locate the point 1 
unit down from y  = 4. L' would be (6, 3). 
Vertex M is 2 units down from y  = 4, locate the 
point 2 units up from y  = 4. M' would be (1, 6). 
  
Then connect the vertices J', K', L', and M' to form 
the reflected image. 

 

ANSWER:  

 

22. WXYZ; y  = –4 

SOLUTION:  
W is at (–2, –2), X  is at (6, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line y  = –4. 
  
Draw the line y  = –4. 
  
Vertex W is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. W' would be (–2, –6). 
Vertex X is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. X ' would be (6, –6). 
Vertex Y is 1 unit down from y  = –4, locate the 
point 1 unit up from y  = –4. Y' would be (4, –3). 
Vertex Z is 3 units down from y  = –4, locate the 
point 3 units up from y  = –4. Z' would be (0, –1). 
  
Then connect the vertices W', X ', Y', and Z' to form 
the reflected image. 
  

 

ANSWER:  

 

23. WXYZ; x = –2 

SOLUTION:  
W is at (–2, –2), X  is at (5, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line x = –2. 
  
Draw the line x = –2. 
  
Vertex W is on x = –2, so W' would be (–2, –2). 
Vertex X is 7 units right from x = –2, locate the 
point 7 units left from x = –2. X ' would be (–9, –2).
Vertex Y is 6 units right from x = –2, locate the 
point 6 units left from x = –2. Y' would be (–8, –5). 
Vertex Z is 2 units right from x = –2, locate the 
point 2 units left from x = –2. Z' would be (–4, –7).
  
Then connect the vertices, W', X ', Y', and Z' to form
the reflected image. 
  

 

ANSWER:  

 

STRUCTURE  Graph each figure and its image 
under the given reflection. 

24. rectangle ABCD with vertices A(–5, 2), B(1, 2), C(1, 
–1), and D(–5, –1) in the line y  = –2 

SOLUTION:  
To reflect over the line  y  = –2, subtract from the y -
coordinate the distance from the y  = –2 line.  
  
(x, y ) → (x, y – distance from y = –2 ) 

A(–5, 2) → Distance: +4, A'(–5, –6) 

B(1, 2) → Distance: +4, B'(1, –6) 

C(1, –1) → Distance: +1, C'(1, –3), 

D(–5, –1) →Distance: +1, D'(–5, –3) 
  
Plot the points. Then connect the vertices, A ', B', 
C', and D' to form the reflected image. 

 

ANSWER:  

 

25. square JKLM  with vertices J(–4, 6), K(0, 6), L(0, 2),
and M (–4, 2) in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 

J(–4, 6) → J'(4, 6) 

K(0, 6), → K'(0, 6) 

L(0, 2) → L'(0, 2) 

M(–4, 2)  → M'(4, 2) 
  
Plot the points. Then connect the vertices, J, K', 
L',and M' to form the reflected image. 

 

ANSWER:  

 

26.  with vertices F(–3, 2), G(–4, –1), and H(–6, 
–1) in the line y  = x 

SOLUTION:  
To reflect over line y  = x, interchange the x- and  y -
coordinates.  
  
(x, y ) → (y, x)  

 F(–3, 2), →   F'(2, –3) 

G(–4, –1) → G'(–1, –4) 

H(–6, –1) → H'(–1, –6) 
  
Plot the points. Then connect the vertices, F', G', 
and H' to form the reflected image. 
  

 

ANSWER:  

 

27.  with vertices W(2, 3), X(7, 3), Y(6, –1), and 

Z(1, –1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

W(2, 3) →  W'(2, –3) 

X(7, 3) → X'(7, –3), 

Y(6, –1) → Y'(6, 1) 

Z(1, –1) →  Z'(1, 1) 
  
Plot the points. Then connect the vertices, W', X ', 
Y',and Z' to form the reflected image. 
  

 

ANSWER:  

 

Given each figure and image, describe the 
transformation using coordinate notation. 

28. P(–1, 4), Q(2, 4), R(1, –1), and S(–1, –1) and P'(1, 
4), Q'(–2, 4), R'(–1, –1), and S'(1, –1)  

SOLUTION:  
Plot the points for the figure and its image.  

 
Compare the coordinates. 
  
P(–1, 4) →  P'(1, 4) 

Q(2, 4) → Q'(–2, 4) 

R(1, –1) → R'(–1, –1) 

S(–1, –1) →  S'(1, –1) 

To get from the figure to its image each (x, y ) → (–
x, y ). 
This means a reflection in the y -axis.  

ANSWER:  
(x, y ) → (–x, y ); reflection in the y -axis 

29. S(–3, –2), T(–2, 3), and U(2, 2) and S'(–2, –3), T'(3, 
–2), and U'(2, 2) 

SOLUTION:  
Plot the points for the figure and its image.  
  

 
  
Compare the coordinates. 
  
S(–3, –2) → S'(–2 –3) 

T(–2, 3) → T'(3, –2) 

U(2, 2) → U'(2, 2) 
Each vertex is transformed by (x, y ) → (y , x). 
This is a reflection in the line y  = x, interchange the 
x- and  y -coordinates.  

ANSWER:  
(x, y ) → (y , x); reflection in the line y  = x 

Each figure shows a preimage and its reflected 
image in some line. Copy each figure and draw 
the line of reflection. 

30.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

31.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  

 

ANSWER:  

 

32.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

CONSTRUCTION To construct the reflection 
of a figure in a line using only a compass and a 
straightedge, 
you can use: 
• the construction of a line perpendicular to a 
given line through a point not on the line 
(Lesson 1-5), and 
• the construction of a segment congruent to a 
given segment (Lesson 1-2). 

 
TOOLS  Copy each figure and the given line of 
reflection. Then construct the reflected image. 

33.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at B 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from B to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
A and C. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

34.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at K 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from K to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
J and L. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
  
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

35. ARCHITECTURE Refer to the photo of the 
building on page 227.  
a. Identify the line of reflection.  
b. Identify the preimage/image pairs. Assume that 
architectural features on the left-hand side of the 
picture represent the preimages. 

SOLUTION:  

a. is the line of reflection because each point to
its left matches a point to its right.  
b. A and C, D and F,  and ,  and .  

ANSWER:  

a.  

b. A and C, D and F,  and ,  and .  

ALGEBRA Graph the line y  = 2x – 3 and its 
reflected image in the given line. What is the 
equation of the reflected image? 

36. x-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the x-axis, the x-intercept will 
be the same in the reflection. Use the y-intercept to 
find a second point on the reflected line. Since the y-
intercept is –3,  the y-intercept of the reflected line 
will be 3.  
  
Use (1.5, 0) and (0, 3) to write an equation for the 
reflected line.  
  

 
  

 
  

 

ANSWER:  

 

37. y-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y-axis, the y-intercept will 
be the same in the reflection. Use the x-intercept to 
find a second point on the reflected line. Since the x-
intercept is 1.5,  the x-intercept of the reflected line 
will be –1.5.  
  
Use (–1.5, 0) and (0, –3) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

38. y  = x 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y = x line, the x- and y-
coordinates are switched. Switch the coordinates for 
the intercepts.  The y-intercept is (0, –3), so x-
intercept of the reflected line would be (–3, 0). The 
x-intercept is (1.5, 0), so y-intercept of the reflected 
line would be (0, 1.5) 
  
Use (0, 1.5) and (–3, 0) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

39. Reflect  shown below in the line y  = 3x. 

 

SOLUTION:  
Each vertex and its image will be equidistant from y  
= 3x. To estimate the placement of the images of 
each vertex, first find the equation of the lines 
perpendicular to y  = 3x that pass through each 

vertex. Each of these lines will have the slope , 

which is the negative reciprocal of the slope in y  = 
3x. 
  
Vertex C(-3, 6) 

 
Graph this line. Use a ruler to find the distance 
between C(-3, 6) and the point of intersection with 
the line of reflection. Mark C' an equal distance 
along this line. 
  
Vertex D(-1, 1) 

 
Graph this line. Use a ruler to find the distance 
between D(-1, 1) and the point of intersection with 
the line of reflection. Mark D' an equal distance 
along this line. 
  
Vertex E(3, 5) 

 
Graph this line. Use a ruler to find the distance 
between E(3, 5) and the point of intersection with 
the line of reflection. Mark E' an equal distance 
along this line. 
Connect the vertices, C', D', and E' to form the 
reflected image. 

 
  

 

ANSWER:  

 

40. Relocate vertex C so that ABCDE is convex, and all 
sides remain the same length. 

 

SOLUTION:  
If you reflect vertex C over the BD line, the figure 
would become convex.  

 

ANSWER:  

 

ALGEBRA Graph the reflection of each 
function in the given line. Then write the 
equation of the reflected image. 

41. x-axis 

 

SOLUTION:  
To reflect a point in the x-axis, multiply its y -
coordinate by –1.  
  
To reflect   in the x-axis multiply by –
1.  

 

ANSWER:  

 

42. y-axis 

 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
To reflect  over the y -axis, multiply x 
by –1. The reflected equation will then be 

. 
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Copy the figure and the given line of reflection. 
Then draw the reflected image in this line using
a ruler. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line a. 
Step 2: Measure the distance from point C to the 
line a. Then locate C' the same distance from line a 
on the opposite side.  
Step 3: Repeat Step 2 to locate points D' and F'. 
Then connect the vertices, C', D', and F' to form 
the reflected image.  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point Q to the 
line k. Then locate Q' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points R', S' and 
T'. Then connect the vertices, Q', R', S', and T' to 
form the reflected image.  

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point W to the 
line f . Then locate W' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect the vertices, W', X ', Y' and Z' to 
form the reflected image.  
  

 

ANSWER:  

 

4. SPORTING EVENTS Toru is waiting at a café for 
a friend to bring him a ticket to a sold-out sporting 
event. At what point P along the street should the 
friend try to stop his car to minimize the distance 
Toru will have to walk from the café, to the car, and 
then to the arena entrance? Draw a diagram. 

 

SOLUTION:  
 You are asked to locate a point P on line se such 
that cP + Pe has the least possible value. 
 
The total distance from s to P and then from P to e 
is least when these three points are collinear. Use 
the reflection of point c over the road to find the 
location for point P. 
  
 Draw c'e (or se).  

 
  
Locate P at the intersection of road and line se . 

 
  
Compare the sum cP + Pe for each case to verify 
that the location found for P minimizes this sum. 

ANSWER:  
Sample answer: 

 

Graph  and its image in the given line.

 
5. y  = –2 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line y  = –2. 
  
Vertex A is 3 units up from y  = –2, locate the point 
3 units down from y  = –2. A ' would be (1, –5). 
Vertex B is on the line y  = –2, so B' would be at the
same point (2, –2). 
Vertex C is 4 units up from y  = –2, locate the point 
4 units down from y  = –2. C' would be (7, –6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  
  

 

ANSWER:  

 

6. x = 3 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line x = 3. 
  
Vertex A is 2 units left from x = 3, locate the point 
2 units right from x = 3. A ' would be at (5, 1). 
Vertex B is 1 unit left from  x = 3, locate the point 1
unit right from x = 3. B' would be at (4, –2). 
Vertex C is 4 units right from x = 3, locate the point
4 units left from x = 3. C' would be at (–1, 2). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

Graph each figure and its image under the given
reflection. 

7.  with vertices X(0, 4), Y(–3, 4), and Z(–4, –1) 
in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 
X(0, 4) → X'(0, 4) 
Y(–3, 4) → Y'(3, 4) 
Z(–4, –1) →Z'(4, –1) 
  
Plot the points. Then connect the vertices, X ', Y', 
and Z' to form the reflected image. 
  

 

ANSWER:  

 

8.  QRST with vertices Q(–1, 4), R(4, 4), S(3, 1), and
T(–2, 1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

Q(–1, 4) → Q'(–1, –4) 

R(4, 4) → R'(4, –4) 

S(3, 1) →S'(3, –1) 

T(–2, 1) →T'(–2, –1) 
  
Plot the points. Then connect the vertices, Q', R', S',
and T' to form the reflected image. 
  

 

ANSWER:  

 

9. Given quadrilaterals J(–3, 1), K(–1, 3), L(1, 3), and M
(–3, –1) and its image J'(1, –3), K'(3, –1), L'(3, 1), 
and M'(–1, –3), describe the transformation using 
coordinate notation.  

SOLUTION:  
Plot the points for the preimage and the image. 
  

 
The transformation sends each vertex as follows.
  
J(–3, 1) →  J'(1, –3) 

K(–1, 3) →  K'(3, –1) 

L(1, 3) → L'(3, 1) 

M(–3, –1)  → M'(–1, –3) 
  
That means that (x, y ) → (y , x). 
  
This is the result of a reflection over the y = x .  

ANSWER:  
(x, y ) → (y , x); reflection in the y = x .  

TOOLS Copy the figure and the given line of 
reflection. Then draw the reflected image in this
line using a ruler. 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point X  to the 
line k. Then locate X ' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect the vertices, X ', Y', and Z' to form the 
reflected image.  

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line s. 
Step 2: Measure the distance from point J to the 
line s. Then locate J' the same distance from line s 
on the opposite side.  
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect the vertices J', K', L', and M' to 
form the reflected image.  

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line c. 
Step 2: Measure the distance from point E to the 
line c. Then locate E' the same distance from line c 
on the opposite side.  
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect the vertices, E', F', G' and H' to 
form the reflected image.  

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line t. 
Step 2: Measure the distance from point A  to the 
line t. Then locate A ' the same distance from line t 
on the opposite side.  
Step 3: Repeat Step 2 to locate points B', C' and 
D'. Then connect the vertices, A ', B', C' and D' to 
form the reflected image.  

 

ANSWER:  

 

14.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line w. 
Step 2: Measure the distance from point P to the 
line w. Then locate P' the same distance from line w
on the opposite side.  
Step 3: Repeat Step 2 to locate points Q', R', S', 
T,' and U'. Then connect the vertices P', Q', R', S', 
T', and U' to form the reflected image.  

 

ANSWER:  

 

15.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point V to the 
line f . Then locate V' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect the vertices, V', W', X ', Y' and
Z' to form the reflected image.  

 

ANSWER:  

 

SPORTS When a ball is rolled or struck without
spin against a wall, it bounces off the wall and 
travels in a ray that is the reflected image of the
path of the ball if it had gone straight through 
the wall. Use this information in Exercises 16 
and 17. 

 
16. BILLIARDS Tadeo is playing billiards. He wants to

strike the eight ball with the cue ball so that the eight 
ball bounces off the rail and rolls into the indicated 
pocket. If the eight ball moves with no spin, draw a 
diagram showing the exact point P along the right rail
where the eight ball should hit after being struck by 
the cue ball. 

 

SOLUTION:  
We want to determine where the 8 ball should hit the
rail so that it goes into the side pocket. To do this, we
will need to locate a point P on the rail of the table 
such that P is collinear with the side pocket and the 
reflection of the 8 ball.  
  
Step 1: Locate the reflection of the 8 ball. The rail 
(red line) is equidistant from the 8 ball and the 
reflection. 

 
Step 2: Draw a line from the side pocket to the 
reflection. We now know the line along which the 8 
ball should travel in order to go into the side pocket. 

 
The intersection of the red and blue lines is the 
location of point P. The distance from P to the 8 ball 
and from P to the reflection are equal. 

 

ANSWER:  

 

17. INDOOR SOCCER Abby is playing indoor soccer,
and she wants to hit the ball to point C, but must 
avoid an opposing player at point B. She decides to 
hit the ball at point A so that it bounces off the side 
wall. Draw a diagram that shows the exact point 
along the top wall for which Abby should aim. 

 

SOLUTION:  
You are asked to locate a point P on line k such 
that cP + A'P  has the least possible value. 
 
The total distance from c to P and then from A ' to P
is least when these three points are collinear. Use 
the reflection of point A  in line k to find the location 
for point P. 
  
Draw A 'c . Locate P at the intersection of line k and
line A 'c. 
  
Compare the sum cP + A'P  for each case to verify 
that the location found for P minimizes this sum 

 

ANSWER:  

 

Graph each figure and its image in the given 
line. 

 

 

 
18.  y  = 3 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line y  =
3. 
  
Draw y  = 3. 
  
Vertex A is 5 units up from y  = 3, locate the point 5
units down from y  = 3. A ' would be (–5, –2). 
Vertex B is 2 units up from the y  = 3,  locate the 
point 2 units down from y  = 3. B' would be (–1, 1). 
Vertex C is 3 units down from y  = 3, locate the 
point 3 units up from y  = 3. C' would be (–4, 6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

19.  x = –1 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line x =
–1. 
  
Draw x = –1. 
  
Vertex A is 4 units left from x = –1, locate the point
4 units right from x = –1. A ' would be (3, 8). 
Vertex B is on the line x = –1,  so B' would be (–1, 
5). 
Vertex C is 3 units left from x = –1, locate the point
3 units right from x = –1. C' would be (2, 0). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

20. JKLM; x = 1 

SOLUTION:  
J is (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line x = 1. 
  
Draw the line x = 1. 
  
Vertex J is at 2 units right from x = 1, locate the 
point 2 units left from x = 1. J' would be (–1, 8). 
Vertex K is 5 units right from x = 1, locate the point
5 units left from x = 1. K' would be (–4, 8). 
Vertex L is 5 units right from x = 1, locate the point 
5 units left from x = 1. L' would be (–4, 5). 
Vertex M is on x = 1, so M' would be (1, 2). 
  
Then connect the vertices, J', K', L', and M' to form
the reflected image. 

 

ANSWER:  

 

21. JKLM; y  = 4 

SOLUTION:  
J is at (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line y  = 4. 
  
Draw the line y  = 4. 
  
Vertex J is 4 units up from y  = 4, locate the point 4 
units down from y  = 4. J' would be (3, 0). 
Vertex K is 4 units up from y  = 4, locate the point 4
units down from y  = 4. K' would be (6, 0). 
Vertex L is 1 unit up from y  = 4, locate the point 1 
unit down from y  = 4. L' would be (6, 3). 
Vertex M is 2 units down from y  = 4, locate the 
point 2 units up from y  = 4. M' would be (1, 6). 
  
Then connect the vertices J', K', L', and M' to form 
the reflected image. 

 

ANSWER:  

 

22. WXYZ; y  = –4 

SOLUTION:  
W is at (–2, –2), X  is at (6, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line y  = –4. 
  
Draw the line y  = –4. 
  
Vertex W is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. W' would be (–2, –6). 
Vertex X is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. X ' would be (6, –6). 
Vertex Y is 1 unit down from y  = –4, locate the 
point 1 unit up from y  = –4. Y' would be (4, –3). 
Vertex Z is 3 units down from y  = –4, locate the 
point 3 units up from y  = –4. Z' would be (0, –1). 
  
Then connect the vertices W', X ', Y', and Z' to form 
the reflected image. 
  

 

ANSWER:  

 

23. WXYZ; x = –2 

SOLUTION:  
W is at (–2, –2), X  is at (5, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line x = –2. 
  
Draw the line x = –2. 
  
Vertex W is on x = –2, so W' would be (–2, –2). 
Vertex X is 7 units right from x = –2, locate the 
point 7 units left from x = –2. X ' would be (–9, –2).
Vertex Y is 6 units right from x = –2, locate the 
point 6 units left from x = –2. Y' would be (–8, –5). 
Vertex Z is 2 units right from x = –2, locate the 
point 2 units left from x = –2. Z' would be (–4, –7).
  
Then connect the vertices, W', X ', Y', and Z' to form
the reflected image. 
  

 

ANSWER:  

 

STRUCTURE  Graph each figure and its image 
under the given reflection. 

24. rectangle ABCD with vertices A(–5, 2), B(1, 2), C(1, 
–1), and D(–5, –1) in the line y  = –2 

SOLUTION:  
To reflect over the line  y  = –2, subtract from the y -
coordinate the distance from the y  = –2 line.  
  
(x, y ) → (x, y – distance from y = –2 ) 

A(–5, 2) → Distance: +4, A'(–5, –6) 

B(1, 2) → Distance: +4, B'(1, –6) 

C(1, –1) → Distance: +1, C'(1, –3), 

D(–5, –1) →Distance: +1, D'(–5, –3) 
  
Plot the points. Then connect the vertices, A ', B', 
C', and D' to form the reflected image. 

 

ANSWER:  

 

25. square JKLM  with vertices J(–4, 6), K(0, 6), L(0, 2),
and M (–4, 2) in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 

J(–4, 6) → J'(4, 6) 

K(0, 6), → K'(0, 6) 

L(0, 2) → L'(0, 2) 

M(–4, 2)  → M'(4, 2) 
  
Plot the points. Then connect the vertices, J, K', 
L',and M' to form the reflected image. 

 

ANSWER:  

 

26.  with vertices F(–3, 2), G(–4, –1), and H(–6, 
–1) in the line y  = x 

SOLUTION:  
To reflect over line y  = x, interchange the x- and  y -
coordinates.  
  
(x, y ) → (y, x)  

 F(–3, 2), →   F'(2, –3) 

G(–4, –1) → G'(–1, –4) 

H(–6, –1) → H'(–1, –6) 
  
Plot the points. Then connect the vertices, F', G', 
and H' to form the reflected image. 
  

 

ANSWER:  

 

27.  with vertices W(2, 3), X(7, 3), Y(6, –1), and 

Z(1, –1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

W(2, 3) →  W'(2, –3) 

X(7, 3) → X'(7, –3), 

Y(6, –1) → Y'(6, 1) 

Z(1, –1) →  Z'(1, 1) 
  
Plot the points. Then connect the vertices, W', X ', 
Y',and Z' to form the reflected image. 
  

 

ANSWER:  

 

Given each figure and image, describe the 
transformation using coordinate notation. 

28. P(–1, 4), Q(2, 4), R(1, –1), and S(–1, –1) and P'(1, 
4), Q'(–2, 4), R'(–1, –1), and S'(1, –1)  

SOLUTION:  
Plot the points for the figure and its image.  

 
Compare the coordinates. 
  
P(–1, 4) →  P'(1, 4) 

Q(2, 4) → Q'(–2, 4) 

R(1, –1) → R'(–1, –1) 

S(–1, –1) →  S'(1, –1) 

To get from the figure to its image each (x, y ) → (–
x, y ). 
This means a reflection in the y -axis.  

ANSWER:  
(x, y ) → (–x, y ); reflection in the y -axis 

29. S(–3, –2), T(–2, 3), and U(2, 2) and S'(–2, –3), T'(3, 
–2), and U'(2, 2) 

SOLUTION:  
Plot the points for the figure and its image.  
  

 
  
Compare the coordinates. 
  
S(–3, –2) → S'(–2 –3) 

T(–2, 3) → T'(3, –2) 

U(2, 2) → U'(2, 2) 
Each vertex is transformed by (x, y ) → (y , x). 
This is a reflection in the line y  = x, interchange the 
x- and  y -coordinates.  

ANSWER:  
(x, y ) → (y , x); reflection in the line y  = x 

Each figure shows a preimage and its reflected 
image in some line. Copy each figure and draw 
the line of reflection. 

30.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

31.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  

 

ANSWER:  

 

32.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

CONSTRUCTION To construct the reflection 
of a figure in a line using only a compass and a 
straightedge, 
you can use: 
• the construction of a line perpendicular to a 
given line through a point not on the line 
(Lesson 1-5), and 
• the construction of a segment congruent to a 
given segment (Lesson 1-2). 

 
TOOLS  Copy each figure and the given line of 
reflection. Then construct the reflected image. 

33.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at B 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from B to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
A and C. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

34.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at K 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from K to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
J and L. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
  
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

35. ARCHITECTURE Refer to the photo of the 
building on page 227.  
a. Identify the line of reflection.  
b. Identify the preimage/image pairs. Assume that 
architectural features on the left-hand side of the 
picture represent the preimages. 

SOLUTION:  

a. is the line of reflection because each point to
its left matches a point to its right.  
b. A and C, D and F,  and ,  and .  

ANSWER:  

a.  

b. A and C, D and F,  and ,  and .  

ALGEBRA Graph the line y  = 2x – 3 and its 
reflected image in the given line. What is the 
equation of the reflected image? 

36. x-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the x-axis, the x-intercept will 
be the same in the reflection. Use the y-intercept to 
find a second point on the reflected line. Since the y-
intercept is –3,  the y-intercept of the reflected line 
will be 3.  
  
Use (1.5, 0) and (0, 3) to write an equation for the 
reflected line.  
  

 
  

 
  

 

ANSWER:  

 

37. y-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y-axis, the y-intercept will 
be the same in the reflection. Use the x-intercept to 
find a second point on the reflected line. Since the x-
intercept is 1.5,  the x-intercept of the reflected line 
will be –1.5.  
  
Use (–1.5, 0) and (0, –3) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

38. y  = x 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y = x line, the x- and y-
coordinates are switched. Switch the coordinates for 
the intercepts.  The y-intercept is (0, –3), so x-
intercept of the reflected line would be (–3, 0). The 
x-intercept is (1.5, 0), so y-intercept of the reflected 
line would be (0, 1.5) 
  
Use (0, 1.5) and (–3, 0) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

39. Reflect  shown below in the line y  = 3x. 

 

SOLUTION:  
Each vertex and its image will be equidistant from y  
= 3x. To estimate the placement of the images of 
each vertex, first find the equation of the lines 
perpendicular to y  = 3x that pass through each 

vertex. Each of these lines will have the slope , 

which is the negative reciprocal of the slope in y  = 
3x. 
  
Vertex C(-3, 6) 

 
Graph this line. Use a ruler to find the distance 
between C(-3, 6) and the point of intersection with 
the line of reflection. Mark C' an equal distance 
along this line. 
  
Vertex D(-1, 1) 

 
Graph this line. Use a ruler to find the distance 
between D(-1, 1) and the point of intersection with 
the line of reflection. Mark D' an equal distance 
along this line. 
  
Vertex E(3, 5) 

 
Graph this line. Use a ruler to find the distance 
between E(3, 5) and the point of intersection with 
the line of reflection. Mark E' an equal distance 
along this line. 
Connect the vertices, C', D', and E' to form the 
reflected image. 

 
  

 

ANSWER:  

 

40. Relocate vertex C so that ABCDE is convex, and all 
sides remain the same length. 

 

SOLUTION:  
If you reflect vertex C over the BD line, the figure 
would become convex.  

 

ANSWER:  

 

ALGEBRA Graph the reflection of each 
function in the given line. Then write the 
equation of the reflected image. 

41. x-axis 

 

SOLUTION:  
To reflect a point in the x-axis, multiply its y -
coordinate by –1.  
  
To reflect   in the x-axis multiply by –
1.  

 

ANSWER:  

 

42. y-axis 

 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
To reflect  over the y -axis, multiply x 
by –1. The reflected equation will then be 

. 

  
  

 

Copy the figure and the given line of reflection. 
Then draw the reflected image in this line using
a ruler. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line a. 
Step 2: Measure the distance from point C to the 
line a. Then locate C' the same distance from line a 
on the opposite side.  
Step 3: Repeat Step 2 to locate points D' and F'. 
Then connect the vertices, C', D', and F' to form 
the reflected image.  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point Q to the 
line k. Then locate Q' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points R', S' and 
T'. Then connect the vertices, Q', R', S', and T' to 
form the reflected image.  

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point W to the 
line f . Then locate W' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect the vertices, W', X ', Y' and Z' to 
form the reflected image.  
  

 

ANSWER:  

 

4. SPORTING EVENTS Toru is waiting at a café for 
a friend to bring him a ticket to a sold-out sporting 
event. At what point P along the street should the 
friend try to stop his car to minimize the distance 
Toru will have to walk from the café, to the car, and 
then to the arena entrance? Draw a diagram. 

 

SOLUTION:  
 You are asked to locate a point P on line se such 
that cP + Pe has the least possible value. 
 
The total distance from s to P and then from P to e 
is least when these three points are collinear. Use 
the reflection of point c over the road to find the 
location for point P. 
  
 Draw c'e (or se).  

 
  
Locate P at the intersection of road and line se . 

 
  
Compare the sum cP + Pe for each case to verify 
that the location found for P minimizes this sum. 

ANSWER:  
Sample answer: 

 

Graph  and its image in the given line.

 
5. y  = –2 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line y  = –2. 
  
Vertex A is 3 units up from y  = –2, locate the point 
3 units down from y  = –2. A ' would be (1, –5). 
Vertex B is on the line y  = –2, so B' would be at the
same point (2, –2). 
Vertex C is 4 units up from y  = –2, locate the point 
4 units down from y  = –2. C' would be (7, –6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  
  

 

ANSWER:  

 

6. x = 3 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line x = 3. 
  
Vertex A is 2 units left from x = 3, locate the point 
2 units right from x = 3. A ' would be at (5, 1). 
Vertex B is 1 unit left from  x = 3, locate the point 1
unit right from x = 3. B' would be at (4, –2). 
Vertex C is 4 units right from x = 3, locate the point
4 units left from x = 3. C' would be at (–1, 2). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

Graph each figure and its image under the given
reflection. 

7.  with vertices X(0, 4), Y(–3, 4), and Z(–4, –1) 
in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 
X(0, 4) → X'(0, 4) 
Y(–3, 4) → Y'(3, 4) 
Z(–4, –1) →Z'(4, –1) 
  
Plot the points. Then connect the vertices, X ', Y', 
and Z' to form the reflected image. 
  

 

ANSWER:  

 

8.  QRST with vertices Q(–1, 4), R(4, 4), S(3, 1), and
T(–2, 1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

Q(–1, 4) → Q'(–1, –4) 

R(4, 4) → R'(4, –4) 

S(3, 1) →S'(3, –1) 

T(–2, 1) →T'(–2, –1) 
  
Plot the points. Then connect the vertices, Q', R', S',
and T' to form the reflected image. 
  

 

ANSWER:  

 

9. Given quadrilaterals J(–3, 1), K(–1, 3), L(1, 3), and M
(–3, –1) and its image J'(1, –3), K'(3, –1), L'(3, 1), 
and M'(–1, –3), describe the transformation using 
coordinate notation.  

SOLUTION:  
Plot the points for the preimage and the image. 
  

 
The transformation sends each vertex as follows.
  
J(–3, 1) →  J'(1, –3) 

K(–1, 3) →  K'(3, –1) 

L(1, 3) → L'(3, 1) 

M(–3, –1)  → M'(–1, –3) 
  
That means that (x, y ) → (y , x). 
  
This is the result of a reflection over the y = x .  

ANSWER:  
(x, y ) → (y , x); reflection in the y = x .  

TOOLS Copy the figure and the given line of 
reflection. Then draw the reflected image in this
line using a ruler. 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point X  to the 
line k. Then locate X ' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect the vertices, X ', Y', and Z' to form the 
reflected image.  

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line s. 
Step 2: Measure the distance from point J to the 
line s. Then locate J' the same distance from line s 
on the opposite side.  
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect the vertices J', K', L', and M' to 
form the reflected image.  

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line c. 
Step 2: Measure the distance from point E to the 
line c. Then locate E' the same distance from line c 
on the opposite side.  
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect the vertices, E', F', G' and H' to 
form the reflected image.  

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line t. 
Step 2: Measure the distance from point A  to the 
line t. Then locate A ' the same distance from line t 
on the opposite side.  
Step 3: Repeat Step 2 to locate points B', C' and 
D'. Then connect the vertices, A ', B', C' and D' to 
form the reflected image.  

 

ANSWER:  

 

14.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line w. 
Step 2: Measure the distance from point P to the 
line w. Then locate P' the same distance from line w
on the opposite side.  
Step 3: Repeat Step 2 to locate points Q', R', S', 
T,' and U'. Then connect the vertices P', Q', R', S', 
T', and U' to form the reflected image.  

 

ANSWER:  

 

15.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point V to the 
line f . Then locate V' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect the vertices, V', W', X ', Y' and
Z' to form the reflected image.  

 

ANSWER:  

 

SPORTS When a ball is rolled or struck without
spin against a wall, it bounces off the wall and 
travels in a ray that is the reflected image of the
path of the ball if it had gone straight through 
the wall. Use this information in Exercises 16 
and 17. 

 
16. BILLIARDS Tadeo is playing billiards. He wants to

strike the eight ball with the cue ball so that the eight 
ball bounces off the rail and rolls into the indicated 
pocket. If the eight ball moves with no spin, draw a 
diagram showing the exact point P along the right rail
where the eight ball should hit after being struck by 
the cue ball. 

 

SOLUTION:  
We want to determine where the 8 ball should hit the
rail so that it goes into the side pocket. To do this, we
will need to locate a point P on the rail of the table 
such that P is collinear with the side pocket and the 
reflection of the 8 ball.  
  
Step 1: Locate the reflection of the 8 ball. The rail 
(red line) is equidistant from the 8 ball and the 
reflection. 

 
Step 2: Draw a line from the side pocket to the 
reflection. We now know the line along which the 8 
ball should travel in order to go into the side pocket. 

 
The intersection of the red and blue lines is the 
location of point P. The distance from P to the 8 ball 
and from P to the reflection are equal. 

 

ANSWER:  

 

17. INDOOR SOCCER Abby is playing indoor soccer,
and she wants to hit the ball to point C, but must 
avoid an opposing player at point B. She decides to 
hit the ball at point A so that it bounces off the side 
wall. Draw a diagram that shows the exact point 
along the top wall for which Abby should aim. 

 

SOLUTION:  
You are asked to locate a point P on line k such 
that cP + A'P  has the least possible value. 
 
The total distance from c to P and then from A ' to P
is least when these three points are collinear. Use 
the reflection of point A  in line k to find the location 
for point P. 
  
Draw A 'c . Locate P at the intersection of line k and
line A 'c. 
  
Compare the sum cP + A'P  for each case to verify 
that the location found for P minimizes this sum 

 

ANSWER:  

 

Graph each figure and its image in the given 
line. 

 

 

 
18.  y  = 3 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line y  =
3. 
  
Draw y  = 3. 
  
Vertex A is 5 units up from y  = 3, locate the point 5
units down from y  = 3. A ' would be (–5, –2). 
Vertex B is 2 units up from the y  = 3,  locate the 
point 2 units down from y  = 3. B' would be (–1, 1). 
Vertex C is 3 units down from y  = 3, locate the 
point 3 units up from y  = 3. C' would be (–4, 6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

19.  x = –1 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line x =
–1. 
  
Draw x = –1. 
  
Vertex A is 4 units left from x = –1, locate the point
4 units right from x = –1. A ' would be (3, 8). 
Vertex B is on the line x = –1,  so B' would be (–1, 
5). 
Vertex C is 3 units left from x = –1, locate the point
3 units right from x = –1. C' would be (2, 0). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

20. JKLM; x = 1 

SOLUTION:  
J is (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line x = 1. 
  
Draw the line x = 1. 
  
Vertex J is at 2 units right from x = 1, locate the 
point 2 units left from x = 1. J' would be (–1, 8). 
Vertex K is 5 units right from x = 1, locate the point
5 units left from x = 1. K' would be (–4, 8). 
Vertex L is 5 units right from x = 1, locate the point 
5 units left from x = 1. L' would be (–4, 5). 
Vertex M is on x = 1, so M' would be (1, 2). 
  
Then connect the vertices, J', K', L', and M' to form
the reflected image. 

 

ANSWER:  

 

21. JKLM; y  = 4 

SOLUTION:  
J is at (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line y  = 4. 
  
Draw the line y  = 4. 
  
Vertex J is 4 units up from y  = 4, locate the point 4 
units down from y  = 4. J' would be (3, 0). 
Vertex K is 4 units up from y  = 4, locate the point 4
units down from y  = 4. K' would be (6, 0). 
Vertex L is 1 unit up from y  = 4, locate the point 1 
unit down from y  = 4. L' would be (6, 3). 
Vertex M is 2 units down from y  = 4, locate the 
point 2 units up from y  = 4. M' would be (1, 6). 
  
Then connect the vertices J', K', L', and M' to form 
the reflected image. 

 

ANSWER:  

 

22. WXYZ; y  = –4 

SOLUTION:  
W is at (–2, –2), X  is at (6, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line y  = –4. 
  
Draw the line y  = –4. 
  
Vertex W is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. W' would be (–2, –6). 
Vertex X is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. X ' would be (6, –6). 
Vertex Y is 1 unit down from y  = –4, locate the 
point 1 unit up from y  = –4. Y' would be (4, –3). 
Vertex Z is 3 units down from y  = –4, locate the 
point 3 units up from y  = –4. Z' would be (0, –1). 
  
Then connect the vertices W', X ', Y', and Z' to form 
the reflected image. 
  

 

ANSWER:  

 

23. WXYZ; x = –2 

SOLUTION:  
W is at (–2, –2), X  is at (5, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line x = –2. 
  
Draw the line x = –2. 
  
Vertex W is on x = –2, so W' would be (–2, –2). 
Vertex X is 7 units right from x = –2, locate the 
point 7 units left from x = –2. X ' would be (–9, –2).
Vertex Y is 6 units right from x = –2, locate the 
point 6 units left from x = –2. Y' would be (–8, –5). 
Vertex Z is 2 units right from x = –2, locate the 
point 2 units left from x = –2. Z' would be (–4, –7).
  
Then connect the vertices, W', X ', Y', and Z' to form
the reflected image. 
  

 

ANSWER:  

 

STRUCTURE  Graph each figure and its image 
under the given reflection. 

24. rectangle ABCD with vertices A(–5, 2), B(1, 2), C(1, 
–1), and D(–5, –1) in the line y  = –2 

SOLUTION:  
To reflect over the line  y  = –2, subtract from the y -
coordinate the distance from the y  = –2 line.  
  
(x, y ) → (x, y – distance from y = –2 ) 

A(–5, 2) → Distance: +4, A'(–5, –6) 

B(1, 2) → Distance: +4, B'(1, –6) 

C(1, –1) → Distance: +1, C'(1, –3), 

D(–5, –1) →Distance: +1, D'(–5, –3) 
  
Plot the points. Then connect the vertices, A ', B', 
C', and D' to form the reflected image. 

 

ANSWER:  

 

25. square JKLM  with vertices J(–4, 6), K(0, 6), L(0, 2),
and M (–4, 2) in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 

J(–4, 6) → J'(4, 6) 

K(0, 6), → K'(0, 6) 

L(0, 2) → L'(0, 2) 

M(–4, 2)  → M'(4, 2) 
  
Plot the points. Then connect the vertices, J, K', 
L',and M' to form the reflected image. 

 

ANSWER:  

 

26.  with vertices F(–3, 2), G(–4, –1), and H(–6, 
–1) in the line y  = x 

SOLUTION:  
To reflect over line y  = x, interchange the x- and  y -
coordinates.  
  
(x, y ) → (y, x)  

 F(–3, 2), →   F'(2, –3) 

G(–4, –1) → G'(–1, –4) 

H(–6, –1) → H'(–1, –6) 
  
Plot the points. Then connect the vertices, F', G', 
and H' to form the reflected image. 
  

 

ANSWER:  

 

27.  with vertices W(2, 3), X(7, 3), Y(6, –1), and 

Z(1, –1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

W(2, 3) →  W'(2, –3) 

X(7, 3) → X'(7, –3), 

Y(6, –1) → Y'(6, 1) 

Z(1, –1) →  Z'(1, 1) 
  
Plot the points. Then connect the vertices, W', X ', 
Y',and Z' to form the reflected image. 
  

 

ANSWER:  

 

Given each figure and image, describe the 
transformation using coordinate notation. 

28. P(–1, 4), Q(2, 4), R(1, –1), and S(–1, –1) and P'(1, 
4), Q'(–2, 4), R'(–1, –1), and S'(1, –1)  

SOLUTION:  
Plot the points for the figure and its image.  

 
Compare the coordinates. 
  
P(–1, 4) →  P'(1, 4) 

Q(2, 4) → Q'(–2, 4) 

R(1, –1) → R'(–1, –1) 

S(–1, –1) →  S'(1, –1) 

To get from the figure to its image each (x, y ) → (–
x, y ). 
This means a reflection in the y -axis.  

ANSWER:  
(x, y ) → (–x, y ); reflection in the y -axis 

29. S(–3, –2), T(–2, 3), and U(2, 2) and S'(–2, –3), T'(3, 
–2), and U'(2, 2) 

SOLUTION:  
Plot the points for the figure and its image.  
  

 
  
Compare the coordinates. 
  
S(–3, –2) → S'(–2 –3) 

T(–2, 3) → T'(3, –2) 

U(2, 2) → U'(2, 2) 
Each vertex is transformed by (x, y ) → (y , x). 
This is a reflection in the line y  = x, interchange the 
x- and  y -coordinates.  

ANSWER:  
(x, y ) → (y , x); reflection in the line y  = x 

Each figure shows a preimage and its reflected 
image in some line. Copy each figure and draw 
the line of reflection. 

30.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

31.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  

 

ANSWER:  

 

32.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

CONSTRUCTION To construct the reflection 
of a figure in a line using only a compass and a 
straightedge, 
you can use: 
• the construction of a line perpendicular to a 
given line through a point not on the line 
(Lesson 1-5), and 
• the construction of a segment congruent to a 
given segment (Lesson 1-2). 

 
TOOLS  Copy each figure and the given line of 
reflection. Then construct the reflected image. 

33.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at B 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from B to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
A and C. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

34.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at K 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from K to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
J and L. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
  
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

35. ARCHITECTURE Refer to the photo of the 
building on page 227.  
a. Identify the line of reflection.  
b. Identify the preimage/image pairs. Assume that 
architectural features on the left-hand side of the 
picture represent the preimages. 

SOLUTION:  

a. is the line of reflection because each point to
its left matches a point to its right.  
b. A and C, D and F,  and ,  and .  

ANSWER:  

a.  

b. A and C, D and F,  and ,  and .  

ALGEBRA Graph the line y  = 2x – 3 and its 
reflected image in the given line. What is the 
equation of the reflected image? 

36. x-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the x-axis, the x-intercept will 
be the same in the reflection. Use the y-intercept to 
find a second point on the reflected line. Since the y-
intercept is –3,  the y-intercept of the reflected line 
will be 3.  
  
Use (1.5, 0) and (0, 3) to write an equation for the 
reflected line.  
  

 
  

 
  

 

ANSWER:  

 

37. y-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y-axis, the y-intercept will 
be the same in the reflection. Use the x-intercept to 
find a second point on the reflected line. Since the x-
intercept is 1.5,  the x-intercept of the reflected line 
will be –1.5.  
  
Use (–1.5, 0) and (0, –3) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

38. y  = x 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y = x line, the x- and y-
coordinates are switched. Switch the coordinates for 
the intercepts.  The y-intercept is (0, –3), so x-
intercept of the reflected line would be (–3, 0). The 
x-intercept is (1.5, 0), so y-intercept of the reflected 
line would be (0, 1.5) 
  
Use (0, 1.5) and (–3, 0) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

39. Reflect  shown below in the line y  = 3x. 

 

SOLUTION:  
Each vertex and its image will be equidistant from y  
= 3x. To estimate the placement of the images of 
each vertex, first find the equation of the lines 
perpendicular to y  = 3x that pass through each 

vertex. Each of these lines will have the slope , 

which is the negative reciprocal of the slope in y  = 
3x. 
  
Vertex C(-3, 6) 

 
Graph this line. Use a ruler to find the distance 
between C(-3, 6) and the point of intersection with 
the line of reflection. Mark C' an equal distance 
along this line. 
  
Vertex D(-1, 1) 

 
Graph this line. Use a ruler to find the distance 
between D(-1, 1) and the point of intersection with 
the line of reflection. Mark D' an equal distance 
along this line. 
  
Vertex E(3, 5) 

 
Graph this line. Use a ruler to find the distance 
between E(3, 5) and the point of intersection with 
the line of reflection. Mark E' an equal distance 
along this line. 
Connect the vertices, C', D', and E' to form the 
reflected image. 

 
  

 

ANSWER:  

 

40. Relocate vertex C so that ABCDE is convex, and all 
sides remain the same length. 

 

SOLUTION:  
If you reflect vertex C over the BD line, the figure 
would become convex.  

 

ANSWER:  

 

ALGEBRA Graph the reflection of each 
function in the given line. Then write the 
equation of the reflected image. 

41. x-axis 

 

SOLUTION:  
To reflect a point in the x-axis, multiply its y -
coordinate by –1.  
  
To reflect   in the x-axis multiply by –
1.  

 

ANSWER:  

 

42. y-axis 

 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
To reflect  over the y -axis, multiply x 
by –1. The reflected equation will then be 

. 
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Copy the figure and the given line of reflection. 
Then draw the reflected image in this line using
a ruler. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line a. 
Step 2: Measure the distance from point C to the 
line a. Then locate C' the same distance from line a 
on the opposite side.  
Step 3: Repeat Step 2 to locate points D' and F'. 
Then connect the vertices, C', D', and F' to form 
the reflected image.  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point Q to the 
line k. Then locate Q' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points R', S' and 
T'. Then connect the vertices, Q', R', S', and T' to 
form the reflected image.  

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point W to the 
line f . Then locate W' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect the vertices, W', X ', Y' and Z' to 
form the reflected image.  
  

 

ANSWER:  

 

4. SPORTING EVENTS Toru is waiting at a café for 
a friend to bring him a ticket to a sold-out sporting 
event. At what point P along the street should the 
friend try to stop his car to minimize the distance 
Toru will have to walk from the café, to the car, and 
then to the arena entrance? Draw a diagram. 

 

SOLUTION:  
 You are asked to locate a point P on line se such 
that cP + Pe has the least possible value. 
 
The total distance from s to P and then from P to e 
is least when these three points are collinear. Use 
the reflection of point c over the road to find the 
location for point P. 
  
 Draw c'e (or se).  

 
  
Locate P at the intersection of road and line se . 

 
  
Compare the sum cP + Pe for each case to verify 
that the location found for P minimizes this sum. 

ANSWER:  
Sample answer: 

 

Graph  and its image in the given line.

 
5. y  = –2 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line y  = –2. 
  
Vertex A is 3 units up from y  = –2, locate the point 
3 units down from y  = –2. A ' would be (1, –5). 
Vertex B is on the line y  = –2, so B' would be at the
same point (2, –2). 
Vertex C is 4 units up from y  = –2, locate the point 
4 units down from y  = –2. C' would be (7, –6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  
  

 

ANSWER:  

 

6. x = 3 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line x = 3. 
  
Vertex A is 2 units left from x = 3, locate the point 
2 units right from x = 3. A ' would be at (5, 1). 
Vertex B is 1 unit left from  x = 3, locate the point 1
unit right from x = 3. B' would be at (4, –2). 
Vertex C is 4 units right from x = 3, locate the point
4 units left from x = 3. C' would be at (–1, 2). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

Graph each figure and its image under the given
reflection. 

7.  with vertices X(0, 4), Y(–3, 4), and Z(–4, –1) 
in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 
X(0, 4) → X'(0, 4) 
Y(–3, 4) → Y'(3, 4) 
Z(–4, –1) →Z'(4, –1) 
  
Plot the points. Then connect the vertices, X ', Y', 
and Z' to form the reflected image. 
  

 

ANSWER:  

 

8.  QRST with vertices Q(–1, 4), R(4, 4), S(3, 1), and
T(–2, 1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

Q(–1, 4) → Q'(–1, –4) 

R(4, 4) → R'(4, –4) 

S(3, 1) →S'(3, –1) 

T(–2, 1) →T'(–2, –1) 
  
Plot the points. Then connect the vertices, Q', R', S',
and T' to form the reflected image. 
  

 

ANSWER:  

 

9. Given quadrilaterals J(–3, 1), K(–1, 3), L(1, 3), and M
(–3, –1) and its image J'(1, –3), K'(3, –1), L'(3, 1), 
and M'(–1, –3), describe the transformation using 
coordinate notation.  

SOLUTION:  
Plot the points for the preimage and the image. 
  

 
The transformation sends each vertex as follows.
  
J(–3, 1) →  J'(1, –3) 

K(–1, 3) →  K'(3, –1) 

L(1, 3) → L'(3, 1) 

M(–3, –1)  → M'(–1, –3) 
  
That means that (x, y ) → (y , x). 
  
This is the result of a reflection over the y = x .  

ANSWER:  
(x, y ) → (y , x); reflection in the y = x .  

TOOLS Copy the figure and the given line of 
reflection. Then draw the reflected image in this
line using a ruler. 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point X  to the 
line k. Then locate X ' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect the vertices, X ', Y', and Z' to form the 
reflected image.  

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line s. 
Step 2: Measure the distance from point J to the 
line s. Then locate J' the same distance from line s 
on the opposite side.  
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect the vertices J', K', L', and M' to 
form the reflected image.  

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line c. 
Step 2: Measure the distance from point E to the 
line c. Then locate E' the same distance from line c 
on the opposite side.  
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect the vertices, E', F', G' and H' to 
form the reflected image.  

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line t. 
Step 2: Measure the distance from point A  to the 
line t. Then locate A ' the same distance from line t 
on the opposite side.  
Step 3: Repeat Step 2 to locate points B', C' and 
D'. Then connect the vertices, A ', B', C' and D' to 
form the reflected image.  

 

ANSWER:  

 

14.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line w. 
Step 2: Measure the distance from point P to the 
line w. Then locate P' the same distance from line w
on the opposite side.  
Step 3: Repeat Step 2 to locate points Q', R', S', 
T,' and U'. Then connect the vertices P', Q', R', S', 
T', and U' to form the reflected image.  

 

ANSWER:  

 

15.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point V to the 
line f . Then locate V' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect the vertices, V', W', X ', Y' and
Z' to form the reflected image.  

 

ANSWER:  

 

SPORTS When a ball is rolled or struck without
spin against a wall, it bounces off the wall and 
travels in a ray that is the reflected image of the
path of the ball if it had gone straight through 
the wall. Use this information in Exercises 16 
and 17. 

 
16. BILLIARDS Tadeo is playing billiards. He wants to

strike the eight ball with the cue ball so that the eight 
ball bounces off the rail and rolls into the indicated 
pocket. If the eight ball moves with no spin, draw a 
diagram showing the exact point P along the right rail
where the eight ball should hit after being struck by 
the cue ball. 

 

SOLUTION:  
We want to determine where the 8 ball should hit the
rail so that it goes into the side pocket. To do this, we
will need to locate a point P on the rail of the table 
such that P is collinear with the side pocket and the 
reflection of the 8 ball.  
  
Step 1: Locate the reflection of the 8 ball. The rail 
(red line) is equidistant from the 8 ball and the 
reflection. 

 
Step 2: Draw a line from the side pocket to the 
reflection. We now know the line along which the 8 
ball should travel in order to go into the side pocket. 

 
The intersection of the red and blue lines is the 
location of point P. The distance from P to the 8 ball 
and from P to the reflection are equal. 

 

ANSWER:  

 

17. INDOOR SOCCER Abby is playing indoor soccer,
and she wants to hit the ball to point C, but must 
avoid an opposing player at point B. She decides to 
hit the ball at point A so that it bounces off the side 
wall. Draw a diagram that shows the exact point 
along the top wall for which Abby should aim. 

 

SOLUTION:  
You are asked to locate a point P on line k such 
that cP + A'P  has the least possible value. 
 
The total distance from c to P and then from A ' to P
is least when these three points are collinear. Use 
the reflection of point A  in line k to find the location 
for point P. 
  
Draw A 'c . Locate P at the intersection of line k and
line A 'c. 
  
Compare the sum cP + A'P  for each case to verify 
that the location found for P minimizes this sum 

 

ANSWER:  

 

Graph each figure and its image in the given 
line. 

 

 

 
18.  y  = 3 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line y  =
3. 
  
Draw y  = 3. 
  
Vertex A is 5 units up from y  = 3, locate the point 5
units down from y  = 3. A ' would be (–5, –2). 
Vertex B is 2 units up from the y  = 3,  locate the 
point 2 units down from y  = 3. B' would be (–1, 1). 
Vertex C is 3 units down from y  = 3, locate the 
point 3 units up from y  = 3. C' would be (–4, 6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

19.  x = –1 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line x =
–1. 
  
Draw x = –1. 
  
Vertex A is 4 units left from x = –1, locate the point
4 units right from x = –1. A ' would be (3, 8). 
Vertex B is on the line x = –1,  so B' would be (–1, 
5). 
Vertex C is 3 units left from x = –1, locate the point
3 units right from x = –1. C' would be (2, 0). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

20. JKLM; x = 1 

SOLUTION:  
J is (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line x = 1. 
  
Draw the line x = 1. 
  
Vertex J is at 2 units right from x = 1, locate the 
point 2 units left from x = 1. J' would be (–1, 8). 
Vertex K is 5 units right from x = 1, locate the point
5 units left from x = 1. K' would be (–4, 8). 
Vertex L is 5 units right from x = 1, locate the point 
5 units left from x = 1. L' would be (–4, 5). 
Vertex M is on x = 1, so M' would be (1, 2). 
  
Then connect the vertices, J', K', L', and M' to form
the reflected image. 

 

ANSWER:  

 

21. JKLM; y  = 4 

SOLUTION:  
J is at (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line y  = 4. 
  
Draw the line y  = 4. 
  
Vertex J is 4 units up from y  = 4, locate the point 4 
units down from y  = 4. J' would be (3, 0). 
Vertex K is 4 units up from y  = 4, locate the point 4
units down from y  = 4. K' would be (6, 0). 
Vertex L is 1 unit up from y  = 4, locate the point 1 
unit down from y  = 4. L' would be (6, 3). 
Vertex M is 2 units down from y  = 4, locate the 
point 2 units up from y  = 4. M' would be (1, 6). 
  
Then connect the vertices J', K', L', and M' to form 
the reflected image. 

 

ANSWER:  

 

22. WXYZ; y  = –4 

SOLUTION:  
W is at (–2, –2), X  is at (6, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line y  = –4. 
  
Draw the line y  = –4. 
  
Vertex W is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. W' would be (–2, –6). 
Vertex X is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. X ' would be (6, –6). 
Vertex Y is 1 unit down from y  = –4, locate the 
point 1 unit up from y  = –4. Y' would be (4, –3). 
Vertex Z is 3 units down from y  = –4, locate the 
point 3 units up from y  = –4. Z' would be (0, –1). 
  
Then connect the vertices W', X ', Y', and Z' to form 
the reflected image. 
  

 

ANSWER:  

 

23. WXYZ; x = –2 

SOLUTION:  
W is at (–2, –2), X  is at (5, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line x = –2. 
  
Draw the line x = –2. 
  
Vertex W is on x = –2, so W' would be (–2, –2). 
Vertex X is 7 units right from x = –2, locate the 
point 7 units left from x = –2. X ' would be (–9, –2).
Vertex Y is 6 units right from x = –2, locate the 
point 6 units left from x = –2. Y' would be (–8, –5). 
Vertex Z is 2 units right from x = –2, locate the 
point 2 units left from x = –2. Z' would be (–4, –7).
  
Then connect the vertices, W', X ', Y', and Z' to form
the reflected image. 
  

 

ANSWER:  

 

STRUCTURE  Graph each figure and its image 
under the given reflection. 

24. rectangle ABCD with vertices A(–5, 2), B(1, 2), C(1, 
–1), and D(–5, –1) in the line y  = –2 

SOLUTION:  
To reflect over the line  y  = –2, subtract from the y -
coordinate the distance from the y  = –2 line.  
  
(x, y ) → (x, y – distance from y = –2 ) 

A(–5, 2) → Distance: +4, A'(–5, –6) 

B(1, 2) → Distance: +4, B'(1, –6) 

C(1, –1) → Distance: +1, C'(1, –3), 

D(–5, –1) →Distance: +1, D'(–5, –3) 
  
Plot the points. Then connect the vertices, A ', B', 
C', and D' to form the reflected image. 

 

ANSWER:  

 

25. square JKLM  with vertices J(–4, 6), K(0, 6), L(0, 2),
and M (–4, 2) in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 

J(–4, 6) → J'(4, 6) 

K(0, 6), → K'(0, 6) 

L(0, 2) → L'(0, 2) 

M(–4, 2)  → M'(4, 2) 
  
Plot the points. Then connect the vertices, J, K', 
L',and M' to form the reflected image. 

 

ANSWER:  

 

26.  with vertices F(–3, 2), G(–4, –1), and H(–6, 
–1) in the line y  = x 

SOLUTION:  
To reflect over line y  = x, interchange the x- and  y -
coordinates.  
  
(x, y ) → (y, x)  

 F(–3, 2), →   F'(2, –3) 

G(–4, –1) → G'(–1, –4) 

H(–6, –1) → H'(–1, –6) 
  
Plot the points. Then connect the vertices, F', G', 
and H' to form the reflected image. 
  

 

ANSWER:  

 

27.  with vertices W(2, 3), X(7, 3), Y(6, –1), and 

Z(1, –1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

W(2, 3) →  W'(2, –3) 

X(7, 3) → X'(7, –3), 

Y(6, –1) → Y'(6, 1) 

Z(1, –1) →  Z'(1, 1) 
  
Plot the points. Then connect the vertices, W', X ', 
Y',and Z' to form the reflected image. 
  

 

ANSWER:  

 

Given each figure and image, describe the 
transformation using coordinate notation. 

28. P(–1, 4), Q(2, 4), R(1, –1), and S(–1, –1) and P'(1, 
4), Q'(–2, 4), R'(–1, –1), and S'(1, –1)  

SOLUTION:  
Plot the points for the figure and its image.  

 
Compare the coordinates. 
  
P(–1, 4) →  P'(1, 4) 

Q(2, 4) → Q'(–2, 4) 

R(1, –1) → R'(–1, –1) 

S(–1, –1) →  S'(1, –1) 

To get from the figure to its image each (x, y ) → (–
x, y ). 
This means a reflection in the y -axis.  

ANSWER:  
(x, y ) → (–x, y ); reflection in the y -axis 

29. S(–3, –2), T(–2, 3), and U(2, 2) and S'(–2, –3), T'(3, 
–2), and U'(2, 2) 

SOLUTION:  
Plot the points for the figure and its image.  
  

 
  
Compare the coordinates. 
  
S(–3, –2) → S'(–2 –3) 

T(–2, 3) → T'(3, –2) 

U(2, 2) → U'(2, 2) 
Each vertex is transformed by (x, y ) → (y , x). 
This is a reflection in the line y  = x, interchange the 
x- and  y -coordinates.  

ANSWER:  
(x, y ) → (y , x); reflection in the line y  = x 

Each figure shows a preimage and its reflected 
image in some line. Copy each figure and draw 
the line of reflection. 

30.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

31.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  

 

ANSWER:  

 

32.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

CONSTRUCTION To construct the reflection 
of a figure in a line using only a compass and a 
straightedge, 
you can use: 
• the construction of a line perpendicular to a 
given line through a point not on the line 
(Lesson 1-5), and 
• the construction of a segment congruent to a 
given segment (Lesson 1-2). 

 
TOOLS  Copy each figure and the given line of 
reflection. Then construct the reflected image. 

33.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at B 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from B to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
A and C. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

34.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at K 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from K to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
J and L. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
  
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

35. ARCHITECTURE Refer to the photo of the 
building on page 227.  
a. Identify the line of reflection.  
b. Identify the preimage/image pairs. Assume that 
architectural features on the left-hand side of the 
picture represent the preimages. 

SOLUTION:  

a. is the line of reflection because each point to
its left matches a point to its right.  
b. A and C, D and F,  and ,  and .  

ANSWER:  

a.  

b. A and C, D and F,  and ,  and .  

ALGEBRA Graph the line y  = 2x – 3 and its 
reflected image in the given line. What is the 
equation of the reflected image? 

36. x-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the x-axis, the x-intercept will 
be the same in the reflection. Use the y-intercept to 
find a second point on the reflected line. Since the y-
intercept is –3,  the y-intercept of the reflected line 
will be 3.  
  
Use (1.5, 0) and (0, 3) to write an equation for the 
reflected line.  
  

 
  

 
  

 

ANSWER:  

 

37. y-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y-axis, the y-intercept will 
be the same in the reflection. Use the x-intercept to 
find a second point on the reflected line. Since the x-
intercept is 1.5,  the x-intercept of the reflected line 
will be –1.5.  
  
Use (–1.5, 0) and (0, –3) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

38. y  = x 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y = x line, the x- and y-
coordinates are switched. Switch the coordinates for 
the intercepts.  The y-intercept is (0, –3), so x-
intercept of the reflected line would be (–3, 0). The 
x-intercept is (1.5, 0), so y-intercept of the reflected 
line would be (0, 1.5) 
  
Use (0, 1.5) and (–3, 0) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

39. Reflect  shown below in the line y  = 3x. 

 

SOLUTION:  
Each vertex and its image will be equidistant from y  
= 3x. To estimate the placement of the images of 
each vertex, first find the equation of the lines 
perpendicular to y  = 3x that pass through each 

vertex. Each of these lines will have the slope , 

which is the negative reciprocal of the slope in y  = 
3x. 
  
Vertex C(-3, 6) 

 
Graph this line. Use a ruler to find the distance 
between C(-3, 6) and the point of intersection with 
the line of reflection. Mark C' an equal distance 
along this line. 
  
Vertex D(-1, 1) 

 
Graph this line. Use a ruler to find the distance 
between D(-1, 1) and the point of intersection with 
the line of reflection. Mark D' an equal distance 
along this line. 
  
Vertex E(3, 5) 

 
Graph this line. Use a ruler to find the distance 
between E(3, 5) and the point of intersection with 
the line of reflection. Mark E' an equal distance 
along this line. 
Connect the vertices, C', D', and E' to form the 
reflected image. 

 
  

 

ANSWER:  

 

40. Relocate vertex C so that ABCDE is convex, and all 
sides remain the same length. 

 

SOLUTION:  
If you reflect vertex C over the BD line, the figure 
would become convex.  

 

ANSWER:  

 

ALGEBRA Graph the reflection of each 
function in the given line. Then write the 
equation of the reflected image. 

41. x-axis 

 

SOLUTION:  
To reflect a point in the x-axis, multiply its y -
coordinate by –1.  
  
To reflect   in the x-axis multiply by –
1.  

 

ANSWER:  

 

42. y-axis 

 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
To reflect  over the y -axis, multiply x 
by –1. The reflected equation will then be 

. 

  
  

 

Copy the figure and the given line of reflection. 
Then draw the reflected image in this line using
a ruler. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line a. 
Step 2: Measure the distance from point C to the 
line a. Then locate C' the same distance from line a 
on the opposite side.  
Step 3: Repeat Step 2 to locate points D' and F'. 
Then connect the vertices, C', D', and F' to form 
the reflected image.  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point Q to the 
line k. Then locate Q' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points R', S' and 
T'. Then connect the vertices, Q', R', S', and T' to 
form the reflected image.  

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point W to the 
line f . Then locate W' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect the vertices, W', X ', Y' and Z' to 
form the reflected image.  
  

 

ANSWER:  

 

4. SPORTING EVENTS Toru is waiting at a café for 
a friend to bring him a ticket to a sold-out sporting 
event. At what point P along the street should the 
friend try to stop his car to minimize the distance 
Toru will have to walk from the café, to the car, and 
then to the arena entrance? Draw a diagram. 

 

SOLUTION:  
 You are asked to locate a point P on line se such 
that cP + Pe has the least possible value. 
 
The total distance from s to P and then from P to e 
is least when these three points are collinear. Use 
the reflection of point c over the road to find the 
location for point P. 
  
 Draw c'e (or se).  

 
  
Locate P at the intersection of road and line se . 

 
  
Compare the sum cP + Pe for each case to verify 
that the location found for P minimizes this sum. 

ANSWER:  
Sample answer: 

 

Graph  and its image in the given line.

 
5. y  = –2 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line y  = –2. 
  
Vertex A is 3 units up from y  = –2, locate the point 
3 units down from y  = –2. A ' would be (1, –5). 
Vertex B is on the line y  = –2, so B' would be at the
same point (2, –2). 
Vertex C is 4 units up from y  = –2, locate the point 
4 units down from y  = –2. C' would be (7, –6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  
  

 

ANSWER:  

 

6. x = 3 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line x = 3. 
  
Vertex A is 2 units left from x = 3, locate the point 
2 units right from x = 3. A ' would be at (5, 1). 
Vertex B is 1 unit left from  x = 3, locate the point 1
unit right from x = 3. B' would be at (4, –2). 
Vertex C is 4 units right from x = 3, locate the point
4 units left from x = 3. C' would be at (–1, 2). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

Graph each figure and its image under the given
reflection. 

7.  with vertices X(0, 4), Y(–3, 4), and Z(–4, –1) 
in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 
X(0, 4) → X'(0, 4) 
Y(–3, 4) → Y'(3, 4) 
Z(–4, –1) →Z'(4, –1) 
  
Plot the points. Then connect the vertices, X ', Y', 
and Z' to form the reflected image. 
  

 

ANSWER:  

 

8.  QRST with vertices Q(–1, 4), R(4, 4), S(3, 1), and
T(–2, 1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

Q(–1, 4) → Q'(–1, –4) 

R(4, 4) → R'(4, –4) 

S(3, 1) →S'(3, –1) 

T(–2, 1) →T'(–2, –1) 
  
Plot the points. Then connect the vertices, Q', R', S',
and T' to form the reflected image. 
  

 

ANSWER:  

 

9. Given quadrilaterals J(–3, 1), K(–1, 3), L(1, 3), and M
(–3, –1) and its image J'(1, –3), K'(3, –1), L'(3, 1), 
and M'(–1, –3), describe the transformation using 
coordinate notation.  

SOLUTION:  
Plot the points for the preimage and the image. 
  

 
The transformation sends each vertex as follows.
  
J(–3, 1) →  J'(1, –3) 

K(–1, 3) →  K'(3, –1) 

L(1, 3) → L'(3, 1) 

M(–3, –1)  → M'(–1, –3) 
  
That means that (x, y ) → (y , x). 
  
This is the result of a reflection over the y = x .  

ANSWER:  
(x, y ) → (y , x); reflection in the y = x .  

TOOLS Copy the figure and the given line of 
reflection. Then draw the reflected image in this
line using a ruler. 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point X  to the 
line k. Then locate X ' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect the vertices, X ', Y', and Z' to form the 
reflected image.  

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line s. 
Step 2: Measure the distance from point J to the 
line s. Then locate J' the same distance from line s 
on the opposite side.  
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect the vertices J', K', L', and M' to 
form the reflected image.  

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line c. 
Step 2: Measure the distance from point E to the 
line c. Then locate E' the same distance from line c 
on the opposite side.  
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect the vertices, E', F', G' and H' to 
form the reflected image.  

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line t. 
Step 2: Measure the distance from point A  to the 
line t. Then locate A ' the same distance from line t 
on the opposite side.  
Step 3: Repeat Step 2 to locate points B', C' and 
D'. Then connect the vertices, A ', B', C' and D' to 
form the reflected image.  

 

ANSWER:  

 

14.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line w. 
Step 2: Measure the distance from point P to the 
line w. Then locate P' the same distance from line w
on the opposite side.  
Step 3: Repeat Step 2 to locate points Q', R', S', 
T,' and U'. Then connect the vertices P', Q', R', S', 
T', and U' to form the reflected image.  

 

ANSWER:  

 

15.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point V to the 
line f . Then locate V' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect the vertices, V', W', X ', Y' and
Z' to form the reflected image.  

 

ANSWER:  

 

SPORTS When a ball is rolled or struck without
spin against a wall, it bounces off the wall and 
travels in a ray that is the reflected image of the
path of the ball if it had gone straight through 
the wall. Use this information in Exercises 16 
and 17. 

 
16. BILLIARDS Tadeo is playing billiards. He wants to

strike the eight ball with the cue ball so that the eight 
ball bounces off the rail and rolls into the indicated 
pocket. If the eight ball moves with no spin, draw a 
diagram showing the exact point P along the right rail
where the eight ball should hit after being struck by 
the cue ball. 

 

SOLUTION:  
We want to determine where the 8 ball should hit the
rail so that it goes into the side pocket. To do this, we
will need to locate a point P on the rail of the table 
such that P is collinear with the side pocket and the 
reflection of the 8 ball.  
  
Step 1: Locate the reflection of the 8 ball. The rail 
(red line) is equidistant from the 8 ball and the 
reflection. 

 
Step 2: Draw a line from the side pocket to the 
reflection. We now know the line along which the 8 
ball should travel in order to go into the side pocket. 

 
The intersection of the red and blue lines is the 
location of point P. The distance from P to the 8 ball 
and from P to the reflection are equal. 

 

ANSWER:  

 

17. INDOOR SOCCER Abby is playing indoor soccer,
and she wants to hit the ball to point C, but must 
avoid an opposing player at point B. She decides to 
hit the ball at point A so that it bounces off the side 
wall. Draw a diagram that shows the exact point 
along the top wall for which Abby should aim. 

 

SOLUTION:  
You are asked to locate a point P on line k such 
that cP + A'P  has the least possible value. 
 
The total distance from c to P and then from A ' to P
is least when these three points are collinear. Use 
the reflection of point A  in line k to find the location 
for point P. 
  
Draw A 'c . Locate P at the intersection of line k and
line A 'c. 
  
Compare the sum cP + A'P  for each case to verify 
that the location found for P minimizes this sum 

 

ANSWER:  

 

Graph each figure and its image in the given 
line. 

 

 

 
18.  y  = 3 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line y  =
3. 
  
Draw y  = 3. 
  
Vertex A is 5 units up from y  = 3, locate the point 5
units down from y  = 3. A ' would be (–5, –2). 
Vertex B is 2 units up from the y  = 3,  locate the 
point 2 units down from y  = 3. B' would be (–1, 1). 
Vertex C is 3 units down from y  = 3, locate the 
point 3 units up from y  = 3. C' would be (–4, 6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

19.  x = –1 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line x =
–1. 
  
Draw x = –1. 
  
Vertex A is 4 units left from x = –1, locate the point
4 units right from x = –1. A ' would be (3, 8). 
Vertex B is on the line x = –1,  so B' would be (–1, 
5). 
Vertex C is 3 units left from x = –1, locate the point
3 units right from x = –1. C' would be (2, 0). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

20. JKLM; x = 1 

SOLUTION:  
J is (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line x = 1. 
  
Draw the line x = 1. 
  
Vertex J is at 2 units right from x = 1, locate the 
point 2 units left from x = 1. J' would be (–1, 8). 
Vertex K is 5 units right from x = 1, locate the point
5 units left from x = 1. K' would be (–4, 8). 
Vertex L is 5 units right from x = 1, locate the point 
5 units left from x = 1. L' would be (–4, 5). 
Vertex M is on x = 1, so M' would be (1, 2). 
  
Then connect the vertices, J', K', L', and M' to form
the reflected image. 

 

ANSWER:  

 

21. JKLM; y  = 4 

SOLUTION:  
J is at (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line y  = 4. 
  
Draw the line y  = 4. 
  
Vertex J is 4 units up from y  = 4, locate the point 4 
units down from y  = 4. J' would be (3, 0). 
Vertex K is 4 units up from y  = 4, locate the point 4
units down from y  = 4. K' would be (6, 0). 
Vertex L is 1 unit up from y  = 4, locate the point 1 
unit down from y  = 4. L' would be (6, 3). 
Vertex M is 2 units down from y  = 4, locate the 
point 2 units up from y  = 4. M' would be (1, 6). 
  
Then connect the vertices J', K', L', and M' to form 
the reflected image. 

 

ANSWER:  

 

22. WXYZ; y  = –4 

SOLUTION:  
W is at (–2, –2), X  is at (6, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line y  = –4. 
  
Draw the line y  = –4. 
  
Vertex W is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. W' would be (–2, –6). 
Vertex X is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. X ' would be (6, –6). 
Vertex Y is 1 unit down from y  = –4, locate the 
point 1 unit up from y  = –4. Y' would be (4, –3). 
Vertex Z is 3 units down from y  = –4, locate the 
point 3 units up from y  = –4. Z' would be (0, –1). 
  
Then connect the vertices W', X ', Y', and Z' to form 
the reflected image. 
  

 

ANSWER:  

 

23. WXYZ; x = –2 

SOLUTION:  
W is at (–2, –2), X  is at (5, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line x = –2. 
  
Draw the line x = –2. 
  
Vertex W is on x = –2, so W' would be (–2, –2). 
Vertex X is 7 units right from x = –2, locate the 
point 7 units left from x = –2. X ' would be (–9, –2).
Vertex Y is 6 units right from x = –2, locate the 
point 6 units left from x = –2. Y' would be (–8, –5). 
Vertex Z is 2 units right from x = –2, locate the 
point 2 units left from x = –2. Z' would be (–4, –7).
  
Then connect the vertices, W', X ', Y', and Z' to form
the reflected image. 
  

 

ANSWER:  

 

STRUCTURE  Graph each figure and its image 
under the given reflection. 

24. rectangle ABCD with vertices A(–5, 2), B(1, 2), C(1, 
–1), and D(–5, –1) in the line y  = –2 

SOLUTION:  
To reflect over the line  y  = –2, subtract from the y -
coordinate the distance from the y  = –2 line.  
  
(x, y ) → (x, y – distance from y = –2 ) 

A(–5, 2) → Distance: +4, A'(–5, –6) 

B(1, 2) → Distance: +4, B'(1, –6) 

C(1, –1) → Distance: +1, C'(1, –3), 

D(–5, –1) →Distance: +1, D'(–5, –3) 
  
Plot the points. Then connect the vertices, A ', B', 
C', and D' to form the reflected image. 

 

ANSWER:  

 

25. square JKLM  with vertices J(–4, 6), K(0, 6), L(0, 2),
and M (–4, 2) in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 

J(–4, 6) → J'(4, 6) 

K(0, 6), → K'(0, 6) 

L(0, 2) → L'(0, 2) 

M(–4, 2)  → M'(4, 2) 
  
Plot the points. Then connect the vertices, J, K', 
L',and M' to form the reflected image. 

 

ANSWER:  

 

26.  with vertices F(–3, 2), G(–4, –1), and H(–6, 
–1) in the line y  = x 

SOLUTION:  
To reflect over line y  = x, interchange the x- and  y -
coordinates.  
  
(x, y ) → (y, x)  

 F(–3, 2), →   F'(2, –3) 

G(–4, –1) → G'(–1, –4) 

H(–6, –1) → H'(–1, –6) 
  
Plot the points. Then connect the vertices, F', G', 
and H' to form the reflected image. 
  

 

ANSWER:  

 

27.  with vertices W(2, 3), X(7, 3), Y(6, –1), and 

Z(1, –1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

W(2, 3) →  W'(2, –3) 

X(7, 3) → X'(7, –3), 

Y(6, –1) → Y'(6, 1) 

Z(1, –1) →  Z'(1, 1) 
  
Plot the points. Then connect the vertices, W', X ', 
Y',and Z' to form the reflected image. 
  

 

ANSWER:  

 

Given each figure and image, describe the 
transformation using coordinate notation. 

28. P(–1, 4), Q(2, 4), R(1, –1), and S(–1, –1) and P'(1, 
4), Q'(–2, 4), R'(–1, –1), and S'(1, –1)  

SOLUTION:  
Plot the points for the figure and its image.  

 
Compare the coordinates. 
  
P(–1, 4) →  P'(1, 4) 

Q(2, 4) → Q'(–2, 4) 

R(1, –1) → R'(–1, –1) 

S(–1, –1) →  S'(1, –1) 

To get from the figure to its image each (x, y ) → (–
x, y ). 
This means a reflection in the y -axis.  

ANSWER:  
(x, y ) → (–x, y ); reflection in the y -axis 

29. S(–3, –2), T(–2, 3), and U(2, 2) and S'(–2, –3), T'(3, 
–2), and U'(2, 2) 

SOLUTION:  
Plot the points for the figure and its image.  
  

 
  
Compare the coordinates. 
  
S(–3, –2) → S'(–2 –3) 

T(–2, 3) → T'(3, –2) 

U(2, 2) → U'(2, 2) 
Each vertex is transformed by (x, y ) → (y , x). 
This is a reflection in the line y  = x, interchange the 
x- and  y -coordinates.  

ANSWER:  
(x, y ) → (y , x); reflection in the line y  = x 

Each figure shows a preimage and its reflected 
image in some line. Copy each figure and draw 
the line of reflection. 

30.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

31.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  

 

ANSWER:  

 

32.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

CONSTRUCTION To construct the reflection 
of a figure in a line using only a compass and a 
straightedge, 
you can use: 
• the construction of a line perpendicular to a 
given line through a point not on the line 
(Lesson 1-5), and 
• the construction of a segment congruent to a 
given segment (Lesson 1-2). 

 
TOOLS  Copy each figure and the given line of 
reflection. Then construct the reflected image. 

33.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at B 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from B to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
A and C. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

34.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at K 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from K to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
J and L. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
  
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

35. ARCHITECTURE Refer to the photo of the 
building on page 227.  
a. Identify the line of reflection.  
b. Identify the preimage/image pairs. Assume that 
architectural features on the left-hand side of the 
picture represent the preimages. 

SOLUTION:  

a. is the line of reflection because each point to
its left matches a point to its right.  
b. A and C, D and F,  and ,  and .  

ANSWER:  

a.  

b. A and C, D and F,  and ,  and .  

ALGEBRA Graph the line y  = 2x – 3 and its 
reflected image in the given line. What is the 
equation of the reflected image? 

36. x-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the x-axis, the x-intercept will 
be the same in the reflection. Use the y-intercept to 
find a second point on the reflected line. Since the y-
intercept is –3,  the y-intercept of the reflected line 
will be 3.  
  
Use (1.5, 0) and (0, 3) to write an equation for the 
reflected line.  
  

 
  

 
  

 

ANSWER:  

 

37. y-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y-axis, the y-intercept will 
be the same in the reflection. Use the x-intercept to 
find a second point on the reflected line. Since the x-
intercept is 1.5,  the x-intercept of the reflected line 
will be –1.5.  
  
Use (–1.5, 0) and (0, –3) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

38. y  = x 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y = x line, the x- and y-
coordinates are switched. Switch the coordinates for 
the intercepts.  The y-intercept is (0, –3), so x-
intercept of the reflected line would be (–3, 0). The 
x-intercept is (1.5, 0), so y-intercept of the reflected 
line would be (0, 1.5) 
  
Use (0, 1.5) and (–3, 0) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

39. Reflect  shown below in the line y  = 3x. 

 

SOLUTION:  
Each vertex and its image will be equidistant from y  
= 3x. To estimate the placement of the images of 
each vertex, first find the equation of the lines 
perpendicular to y  = 3x that pass through each 

vertex. Each of these lines will have the slope , 

which is the negative reciprocal of the slope in y  = 
3x. 
  
Vertex C(-3, 6) 

 
Graph this line. Use a ruler to find the distance 
between C(-3, 6) and the point of intersection with 
the line of reflection. Mark C' an equal distance 
along this line. 
  
Vertex D(-1, 1) 

 
Graph this line. Use a ruler to find the distance 
between D(-1, 1) and the point of intersection with 
the line of reflection. Mark D' an equal distance 
along this line. 
  
Vertex E(3, 5) 

 
Graph this line. Use a ruler to find the distance 
between E(3, 5) and the point of intersection with 
the line of reflection. Mark E' an equal distance 
along this line. 
Connect the vertices, C', D', and E' to form the 
reflected image. 

 
  

 

ANSWER:  

 

40. Relocate vertex C so that ABCDE is convex, and all 
sides remain the same length. 

 

SOLUTION:  
If you reflect vertex C over the BD line, the figure 
would become convex.  

 

ANSWER:  

 

ALGEBRA Graph the reflection of each 
function in the given line. Then write the 
equation of the reflected image. 

41. x-axis 

 

SOLUTION:  
To reflect a point in the x-axis, multiply its y -
coordinate by –1.  
  
To reflect   in the x-axis multiply by –
1.  

 

ANSWER:  

 

42. y-axis 

 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
To reflect  over the y -axis, multiply x 
by –1. The reflected equation will then be 

. 
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Copy the figure and the given line of reflection. 
Then draw the reflected image in this line using
a ruler. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line a. 
Step 2: Measure the distance from point C to the 
line a. Then locate C' the same distance from line a 
on the opposite side.  
Step 3: Repeat Step 2 to locate points D' and F'. 
Then connect the vertices, C', D', and F' to form 
the reflected image.  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point Q to the 
line k. Then locate Q' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points R', S' and 
T'. Then connect the vertices, Q', R', S', and T' to 
form the reflected image.  

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point W to the 
line f . Then locate W' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect the vertices, W', X ', Y' and Z' to 
form the reflected image.  
  

 

ANSWER:  

 

4. SPORTING EVENTS Toru is waiting at a café for 
a friend to bring him a ticket to a sold-out sporting 
event. At what point P along the street should the 
friend try to stop his car to minimize the distance 
Toru will have to walk from the café, to the car, and 
then to the arena entrance? Draw a diagram. 

 

SOLUTION:  
 You are asked to locate a point P on line se such 
that cP + Pe has the least possible value. 
 
The total distance from s to P and then from P to e 
is least when these three points are collinear. Use 
the reflection of point c over the road to find the 
location for point P. 
  
 Draw c'e (or se).  

 
  
Locate P at the intersection of road and line se . 

 
  
Compare the sum cP + Pe for each case to verify 
that the location found for P minimizes this sum. 

ANSWER:  
Sample answer: 

 

Graph  and its image in the given line.

 
5. y  = –2 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line y  = –2. 
  
Vertex A is 3 units up from y  = –2, locate the point 
3 units down from y  = –2. A ' would be (1, –5). 
Vertex B is on the line y  = –2, so B' would be at the
same point (2, –2). 
Vertex C is 4 units up from y  = –2, locate the point 
4 units down from y  = –2. C' would be (7, –6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  
  

 

ANSWER:  

 

6. x = 3 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line x = 3. 
  
Vertex A is 2 units left from x = 3, locate the point 
2 units right from x = 3. A ' would be at (5, 1). 
Vertex B is 1 unit left from  x = 3, locate the point 1
unit right from x = 3. B' would be at (4, –2). 
Vertex C is 4 units right from x = 3, locate the point
4 units left from x = 3. C' would be at (–1, 2). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

Graph each figure and its image under the given
reflection. 

7.  with vertices X(0, 4), Y(–3, 4), and Z(–4, –1) 
in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 
X(0, 4) → X'(0, 4) 
Y(–3, 4) → Y'(3, 4) 
Z(–4, –1) →Z'(4, –1) 
  
Plot the points. Then connect the vertices, X ', Y', 
and Z' to form the reflected image. 
  

 

ANSWER:  

 

8.  QRST with vertices Q(–1, 4), R(4, 4), S(3, 1), and
T(–2, 1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

Q(–1, 4) → Q'(–1, –4) 

R(4, 4) → R'(4, –4) 

S(3, 1) →S'(3, –1) 

T(–2, 1) →T'(–2, –1) 
  
Plot the points. Then connect the vertices, Q', R', S',
and T' to form the reflected image. 
  

 

ANSWER:  

 

9. Given quadrilaterals J(–3, 1), K(–1, 3), L(1, 3), and M
(–3, –1) and its image J'(1, –3), K'(3, –1), L'(3, 1), 
and M'(–1, –3), describe the transformation using 
coordinate notation.  

SOLUTION:  
Plot the points for the preimage and the image. 
  

 
The transformation sends each vertex as follows.
  
J(–3, 1) →  J'(1, –3) 

K(–1, 3) →  K'(3, –1) 

L(1, 3) → L'(3, 1) 

M(–3, –1)  → M'(–1, –3) 
  
That means that (x, y ) → (y , x). 
  
This is the result of a reflection over the y = x .  

ANSWER:  
(x, y ) → (y , x); reflection in the y = x .  

TOOLS Copy the figure and the given line of 
reflection. Then draw the reflected image in this
line using a ruler. 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point X  to the 
line k. Then locate X ' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect the vertices, X ', Y', and Z' to form the 
reflected image.  

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line s. 
Step 2: Measure the distance from point J to the 
line s. Then locate J' the same distance from line s 
on the opposite side.  
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect the vertices J', K', L', and M' to 
form the reflected image.  

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line c. 
Step 2: Measure the distance from point E to the 
line c. Then locate E' the same distance from line c 
on the opposite side.  
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect the vertices, E', F', G' and H' to 
form the reflected image.  

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line t. 
Step 2: Measure the distance from point A  to the 
line t. Then locate A ' the same distance from line t 
on the opposite side.  
Step 3: Repeat Step 2 to locate points B', C' and 
D'. Then connect the vertices, A ', B', C' and D' to 
form the reflected image.  

 

ANSWER:  

 

14.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line w. 
Step 2: Measure the distance from point P to the 
line w. Then locate P' the same distance from line w
on the opposite side.  
Step 3: Repeat Step 2 to locate points Q', R', S', 
T,' and U'. Then connect the vertices P', Q', R', S', 
T', and U' to form the reflected image.  

 

ANSWER:  

 

15.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point V to the 
line f . Then locate V' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect the vertices, V', W', X ', Y' and
Z' to form the reflected image.  

 

ANSWER:  

 

SPORTS When a ball is rolled or struck without
spin against a wall, it bounces off the wall and 
travels in a ray that is the reflected image of the
path of the ball if it had gone straight through 
the wall. Use this information in Exercises 16 
and 17. 

 
16. BILLIARDS Tadeo is playing billiards. He wants to

strike the eight ball with the cue ball so that the eight 
ball bounces off the rail and rolls into the indicated 
pocket. If the eight ball moves with no spin, draw a 
diagram showing the exact point P along the right rail
where the eight ball should hit after being struck by 
the cue ball. 

 

SOLUTION:  
We want to determine where the 8 ball should hit the
rail so that it goes into the side pocket. To do this, we
will need to locate a point P on the rail of the table 
such that P is collinear with the side pocket and the 
reflection of the 8 ball.  
  
Step 1: Locate the reflection of the 8 ball. The rail 
(red line) is equidistant from the 8 ball and the 
reflection. 

 
Step 2: Draw a line from the side pocket to the 
reflection. We now know the line along which the 8 
ball should travel in order to go into the side pocket. 

 
The intersection of the red and blue lines is the 
location of point P. The distance from P to the 8 ball 
and from P to the reflection are equal. 

 

ANSWER:  

 

17. INDOOR SOCCER Abby is playing indoor soccer,
and she wants to hit the ball to point C, but must 
avoid an opposing player at point B. She decides to 
hit the ball at point A so that it bounces off the side 
wall. Draw a diagram that shows the exact point 
along the top wall for which Abby should aim. 

 

SOLUTION:  
You are asked to locate a point P on line k such 
that cP + A'P  has the least possible value. 
 
The total distance from c to P and then from A ' to P
is least when these three points are collinear. Use 
the reflection of point A  in line k to find the location 
for point P. 
  
Draw A 'c . Locate P at the intersection of line k and
line A 'c. 
  
Compare the sum cP + A'P  for each case to verify 
that the location found for P minimizes this sum 

 

ANSWER:  

 

Graph each figure and its image in the given 
line. 

 

 

 
18.  y  = 3 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line y  =
3. 
  
Draw y  = 3. 
  
Vertex A is 5 units up from y  = 3, locate the point 5
units down from y  = 3. A ' would be (–5, –2). 
Vertex B is 2 units up from the y  = 3,  locate the 
point 2 units down from y  = 3. B' would be (–1, 1). 
Vertex C is 3 units down from y  = 3, locate the 
point 3 units up from y  = 3. C' would be (–4, 6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

19.  x = –1 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line x =
–1. 
  
Draw x = –1. 
  
Vertex A is 4 units left from x = –1, locate the point
4 units right from x = –1. A ' would be (3, 8). 
Vertex B is on the line x = –1,  so B' would be (–1, 
5). 
Vertex C is 3 units left from x = –1, locate the point
3 units right from x = –1. C' would be (2, 0). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

20. JKLM; x = 1 

SOLUTION:  
J is (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line x = 1. 
  
Draw the line x = 1. 
  
Vertex J is at 2 units right from x = 1, locate the 
point 2 units left from x = 1. J' would be (–1, 8). 
Vertex K is 5 units right from x = 1, locate the point
5 units left from x = 1. K' would be (–4, 8). 
Vertex L is 5 units right from x = 1, locate the point 
5 units left from x = 1. L' would be (–4, 5). 
Vertex M is on x = 1, so M' would be (1, 2). 
  
Then connect the vertices, J', K', L', and M' to form
the reflected image. 

 

ANSWER:  

 

21. JKLM; y  = 4 

SOLUTION:  
J is at (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line y  = 4. 
  
Draw the line y  = 4. 
  
Vertex J is 4 units up from y  = 4, locate the point 4 
units down from y  = 4. J' would be (3, 0). 
Vertex K is 4 units up from y  = 4, locate the point 4
units down from y  = 4. K' would be (6, 0). 
Vertex L is 1 unit up from y  = 4, locate the point 1 
unit down from y  = 4. L' would be (6, 3). 
Vertex M is 2 units down from y  = 4, locate the 
point 2 units up from y  = 4. M' would be (1, 6). 
  
Then connect the vertices J', K', L', and M' to form 
the reflected image. 

 

ANSWER:  

 

22. WXYZ; y  = –4 

SOLUTION:  
W is at (–2, –2), X  is at (6, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line y  = –4. 
  
Draw the line y  = –4. 
  
Vertex W is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. W' would be (–2, –6). 
Vertex X is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. X ' would be (6, –6). 
Vertex Y is 1 unit down from y  = –4, locate the 
point 1 unit up from y  = –4. Y' would be (4, –3). 
Vertex Z is 3 units down from y  = –4, locate the 
point 3 units up from y  = –4. Z' would be (0, –1). 
  
Then connect the vertices W', X ', Y', and Z' to form 
the reflected image. 
  

 

ANSWER:  

 

23. WXYZ; x = –2 

SOLUTION:  
W is at (–2, –2), X  is at (5, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line x = –2. 
  
Draw the line x = –2. 
  
Vertex W is on x = –2, so W' would be (–2, –2). 
Vertex X is 7 units right from x = –2, locate the 
point 7 units left from x = –2. X ' would be (–9, –2).
Vertex Y is 6 units right from x = –2, locate the 
point 6 units left from x = –2. Y' would be (–8, –5). 
Vertex Z is 2 units right from x = –2, locate the 
point 2 units left from x = –2. Z' would be (–4, –7).
  
Then connect the vertices, W', X ', Y', and Z' to form
the reflected image. 
  

 

ANSWER:  

 

STRUCTURE  Graph each figure and its image 
under the given reflection. 

24. rectangle ABCD with vertices A(–5, 2), B(1, 2), C(1, 
–1), and D(–5, –1) in the line y  = –2 

SOLUTION:  
To reflect over the line  y  = –2, subtract from the y -
coordinate the distance from the y  = –2 line.  
  
(x, y ) → (x, y – distance from y = –2 ) 

A(–5, 2) → Distance: +4, A'(–5, –6) 

B(1, 2) → Distance: +4, B'(1, –6) 

C(1, –1) → Distance: +1, C'(1, –3), 

D(–5, –1) →Distance: +1, D'(–5, –3) 
  
Plot the points. Then connect the vertices, A ', B', 
C', and D' to form the reflected image. 

 

ANSWER:  

 

25. square JKLM  with vertices J(–4, 6), K(0, 6), L(0, 2),
and M (–4, 2) in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 

J(–4, 6) → J'(4, 6) 

K(0, 6), → K'(0, 6) 

L(0, 2) → L'(0, 2) 

M(–4, 2)  → M'(4, 2) 
  
Plot the points. Then connect the vertices, J, K', 
L',and M' to form the reflected image. 

 

ANSWER:  

 

26.  with vertices F(–3, 2), G(–4, –1), and H(–6, 
–1) in the line y  = x 

SOLUTION:  
To reflect over line y  = x, interchange the x- and  y -
coordinates.  
  
(x, y ) → (y, x)  

 F(–3, 2), →   F'(2, –3) 

G(–4, –1) → G'(–1, –4) 

H(–6, –1) → H'(–1, –6) 
  
Plot the points. Then connect the vertices, F', G', 
and H' to form the reflected image. 
  

 

ANSWER:  

 

27.  with vertices W(2, 3), X(7, 3), Y(6, –1), and 

Z(1, –1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

W(2, 3) →  W'(2, –3) 

X(7, 3) → X'(7, –3), 

Y(6, –1) → Y'(6, 1) 

Z(1, –1) →  Z'(1, 1) 
  
Plot the points. Then connect the vertices, W', X ', 
Y',and Z' to form the reflected image. 
  

 

ANSWER:  

 

Given each figure and image, describe the 
transformation using coordinate notation. 

28. P(–1, 4), Q(2, 4), R(1, –1), and S(–1, –1) and P'(1, 
4), Q'(–2, 4), R'(–1, –1), and S'(1, –1)  

SOLUTION:  
Plot the points for the figure and its image.  

 
Compare the coordinates. 
  
P(–1, 4) →  P'(1, 4) 

Q(2, 4) → Q'(–2, 4) 

R(1, –1) → R'(–1, –1) 

S(–1, –1) →  S'(1, –1) 

To get from the figure to its image each (x, y ) → (–
x, y ). 
This means a reflection in the y -axis.  

ANSWER:  
(x, y ) → (–x, y ); reflection in the y -axis 

29. S(–3, –2), T(–2, 3), and U(2, 2) and S'(–2, –3), T'(3, 
–2), and U'(2, 2) 

SOLUTION:  
Plot the points for the figure and its image.  
  

 
  
Compare the coordinates. 
  
S(–3, –2) → S'(–2 –3) 

T(–2, 3) → T'(3, –2) 

U(2, 2) → U'(2, 2) 
Each vertex is transformed by (x, y ) → (y , x). 
This is a reflection in the line y  = x, interchange the 
x- and  y -coordinates.  

ANSWER:  
(x, y ) → (y , x); reflection in the line y  = x 

Each figure shows a preimage and its reflected 
image in some line. Copy each figure and draw 
the line of reflection. 

30.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

31.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  

 

ANSWER:  

 

32.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

CONSTRUCTION To construct the reflection 
of a figure in a line using only a compass and a 
straightedge, 
you can use: 
• the construction of a line perpendicular to a 
given line through a point not on the line 
(Lesson 1-5), and 
• the construction of a segment congruent to a 
given segment (Lesson 1-2). 

 
TOOLS  Copy each figure and the given line of 
reflection. Then construct the reflected image. 

33.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at B 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from B to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
A and C. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

34.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at K 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from K to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
J and L. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
  
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

35. ARCHITECTURE Refer to the photo of the 
building on page 227.  
a. Identify the line of reflection.  
b. Identify the preimage/image pairs. Assume that 
architectural features on the left-hand side of the 
picture represent the preimages. 

SOLUTION:  

a. is the line of reflection because each point to
its left matches a point to its right.  
b. A and C, D and F,  and ,  and .  

ANSWER:  

a.  

b. A and C, D and F,  and ,  and .  

ALGEBRA Graph the line y  = 2x – 3 and its 
reflected image in the given line. What is the 
equation of the reflected image? 

36. x-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the x-axis, the x-intercept will 
be the same in the reflection. Use the y-intercept to 
find a second point on the reflected line. Since the y-
intercept is –3,  the y-intercept of the reflected line 
will be 3.  
  
Use (1.5, 0) and (0, 3) to write an equation for the 
reflected line.  
  

 
  

 
  

 

ANSWER:  

 

37. y-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y-axis, the y-intercept will 
be the same in the reflection. Use the x-intercept to 
find a second point on the reflected line. Since the x-
intercept is 1.5,  the x-intercept of the reflected line 
will be –1.5.  
  
Use (–1.5, 0) and (0, –3) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

38. y  = x 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y = x line, the x- and y-
coordinates are switched. Switch the coordinates for 
the intercepts.  The y-intercept is (0, –3), so x-
intercept of the reflected line would be (–3, 0). The 
x-intercept is (1.5, 0), so y-intercept of the reflected 
line would be (0, 1.5) 
  
Use (0, 1.5) and (–3, 0) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

39. Reflect  shown below in the line y  = 3x. 

 

SOLUTION:  
Each vertex and its image will be equidistant from y  
= 3x. To estimate the placement of the images of 
each vertex, first find the equation of the lines 
perpendicular to y  = 3x that pass through each 

vertex. Each of these lines will have the slope , 

which is the negative reciprocal of the slope in y  = 
3x. 
  
Vertex C(-3, 6) 

 
Graph this line. Use a ruler to find the distance 
between C(-3, 6) and the point of intersection with 
the line of reflection. Mark C' an equal distance 
along this line. 
  
Vertex D(-1, 1) 

 
Graph this line. Use a ruler to find the distance 
between D(-1, 1) and the point of intersection with 
the line of reflection. Mark D' an equal distance 
along this line. 
  
Vertex E(3, 5) 

 
Graph this line. Use a ruler to find the distance 
between E(3, 5) and the point of intersection with 
the line of reflection. Mark E' an equal distance 
along this line. 
Connect the vertices, C', D', and E' to form the 
reflected image. 

 
  

 

ANSWER:  

 

40. Relocate vertex C so that ABCDE is convex, and all 
sides remain the same length. 

 

SOLUTION:  
If you reflect vertex C over the BD line, the figure 
would become convex.  

 

ANSWER:  

 

ALGEBRA Graph the reflection of each 
function in the given line. Then write the 
equation of the reflected image. 

41. x-axis 

 

SOLUTION:  
To reflect a point in the x-axis, multiply its y -
coordinate by –1.  
  
To reflect   in the x-axis multiply by –
1.  

 

ANSWER:  

 

42. y-axis 

 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
To reflect  over the y -axis, multiply x 
by –1. The reflected equation will then be 

. 

  
  

 

Copy the figure and the given line of reflection. 
Then draw the reflected image in this line using
a ruler. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line a. 
Step 2: Measure the distance from point C to the 
line a. Then locate C' the same distance from line a 
on the opposite side.  
Step 3: Repeat Step 2 to locate points D' and F'. 
Then connect the vertices, C', D', and F' to form 
the reflected image.  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point Q to the 
line k. Then locate Q' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points R', S' and 
T'. Then connect the vertices, Q', R', S', and T' to 
form the reflected image.  

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point W to the 
line f . Then locate W' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect the vertices, W', X ', Y' and Z' to 
form the reflected image.  
  

 

ANSWER:  

 

4. SPORTING EVENTS Toru is waiting at a café for 
a friend to bring him a ticket to a sold-out sporting 
event. At what point P along the street should the 
friend try to stop his car to minimize the distance 
Toru will have to walk from the café, to the car, and 
then to the arena entrance? Draw a diagram. 

 

SOLUTION:  
 You are asked to locate a point P on line se such 
that cP + Pe has the least possible value. 
 
The total distance from s to P and then from P to e 
is least when these three points are collinear. Use 
the reflection of point c over the road to find the 
location for point P. 
  
 Draw c'e (or se).  

 
  
Locate P at the intersection of road and line se . 

 
  
Compare the sum cP + Pe for each case to verify 
that the location found for P minimizes this sum. 

ANSWER:  
Sample answer: 

 

Graph  and its image in the given line.

 
5. y  = –2 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line y  = –2. 
  
Vertex A is 3 units up from y  = –2, locate the point 
3 units down from y  = –2. A ' would be (1, –5). 
Vertex B is on the line y  = –2, so B' would be at the
same point (2, –2). 
Vertex C is 4 units up from y  = –2, locate the point 
4 units down from y  = –2. C' would be (7, –6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  
  

 

ANSWER:  

 

6. x = 3 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line x = 3. 
  
Vertex A is 2 units left from x = 3, locate the point 
2 units right from x = 3. A ' would be at (5, 1). 
Vertex B is 1 unit left from  x = 3, locate the point 1
unit right from x = 3. B' would be at (4, –2). 
Vertex C is 4 units right from x = 3, locate the point
4 units left from x = 3. C' would be at (–1, 2). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

Graph each figure and its image under the given
reflection. 

7.  with vertices X(0, 4), Y(–3, 4), and Z(–4, –1) 
in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 
X(0, 4) → X'(0, 4) 
Y(–3, 4) → Y'(3, 4) 
Z(–4, –1) →Z'(4, –1) 
  
Plot the points. Then connect the vertices, X ', Y', 
and Z' to form the reflected image. 
  

 

ANSWER:  

 

8.  QRST with vertices Q(–1, 4), R(4, 4), S(3, 1), and
T(–2, 1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

Q(–1, 4) → Q'(–1, –4) 

R(4, 4) → R'(4, –4) 

S(3, 1) →S'(3, –1) 

T(–2, 1) →T'(–2, –1) 
  
Plot the points. Then connect the vertices, Q', R', S',
and T' to form the reflected image. 
  

 

ANSWER:  

 

9. Given quadrilaterals J(–3, 1), K(–1, 3), L(1, 3), and M
(–3, –1) and its image J'(1, –3), K'(3, –1), L'(3, 1), 
and M'(–1, –3), describe the transformation using 
coordinate notation.  

SOLUTION:  
Plot the points for the preimage and the image. 
  

 
The transformation sends each vertex as follows.
  
J(–3, 1) →  J'(1, –3) 

K(–1, 3) →  K'(3, –1) 

L(1, 3) → L'(3, 1) 

M(–3, –1)  → M'(–1, –3) 
  
That means that (x, y ) → (y , x). 
  
This is the result of a reflection over the y = x .  

ANSWER:  
(x, y ) → (y , x); reflection in the y = x .  

TOOLS Copy the figure and the given line of 
reflection. Then draw the reflected image in this
line using a ruler. 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point X  to the 
line k. Then locate X ' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect the vertices, X ', Y', and Z' to form the 
reflected image.  

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line s. 
Step 2: Measure the distance from point J to the 
line s. Then locate J' the same distance from line s 
on the opposite side.  
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect the vertices J', K', L', and M' to 
form the reflected image.  

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line c. 
Step 2: Measure the distance from point E to the 
line c. Then locate E' the same distance from line c 
on the opposite side.  
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect the vertices, E', F', G' and H' to 
form the reflected image.  

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line t. 
Step 2: Measure the distance from point A  to the 
line t. Then locate A ' the same distance from line t 
on the opposite side.  
Step 3: Repeat Step 2 to locate points B', C' and 
D'. Then connect the vertices, A ', B', C' and D' to 
form the reflected image.  

 

ANSWER:  

 

14.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line w. 
Step 2: Measure the distance from point P to the 
line w. Then locate P' the same distance from line w
on the opposite side.  
Step 3: Repeat Step 2 to locate points Q', R', S', 
T,' and U'. Then connect the vertices P', Q', R', S', 
T', and U' to form the reflected image.  

 

ANSWER:  

 

15.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point V to the 
line f . Then locate V' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect the vertices, V', W', X ', Y' and
Z' to form the reflected image.  

 

ANSWER:  

 

SPORTS When a ball is rolled or struck without
spin against a wall, it bounces off the wall and 
travels in a ray that is the reflected image of the
path of the ball if it had gone straight through 
the wall. Use this information in Exercises 16 
and 17. 

 
16. BILLIARDS Tadeo is playing billiards. He wants to

strike the eight ball with the cue ball so that the eight 
ball bounces off the rail and rolls into the indicated 
pocket. If the eight ball moves with no spin, draw a 
diagram showing the exact point P along the right rail
where the eight ball should hit after being struck by 
the cue ball. 

 

SOLUTION:  
We want to determine where the 8 ball should hit the
rail so that it goes into the side pocket. To do this, we
will need to locate a point P on the rail of the table 
such that P is collinear with the side pocket and the 
reflection of the 8 ball.  
  
Step 1: Locate the reflection of the 8 ball. The rail 
(red line) is equidistant from the 8 ball and the 
reflection. 

 
Step 2: Draw a line from the side pocket to the 
reflection. We now know the line along which the 8 
ball should travel in order to go into the side pocket. 

 
The intersection of the red and blue lines is the 
location of point P. The distance from P to the 8 ball 
and from P to the reflection are equal. 

 

ANSWER:  

 

17. INDOOR SOCCER Abby is playing indoor soccer,
and she wants to hit the ball to point C, but must 
avoid an opposing player at point B. She decides to 
hit the ball at point A so that it bounces off the side 
wall. Draw a diagram that shows the exact point 
along the top wall for which Abby should aim. 

 

SOLUTION:  
You are asked to locate a point P on line k such 
that cP + A'P  has the least possible value. 
 
The total distance from c to P and then from A ' to P
is least when these three points are collinear. Use 
the reflection of point A  in line k to find the location 
for point P. 
  
Draw A 'c . Locate P at the intersection of line k and
line A 'c. 
  
Compare the sum cP + A'P  for each case to verify 
that the location found for P minimizes this sum 

 

ANSWER:  

 

Graph each figure and its image in the given 
line. 

 

 

 
18.  y  = 3 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line y  =
3. 
  
Draw y  = 3. 
  
Vertex A is 5 units up from y  = 3, locate the point 5
units down from y  = 3. A ' would be (–5, –2). 
Vertex B is 2 units up from the y  = 3,  locate the 
point 2 units down from y  = 3. B' would be (–1, 1). 
Vertex C is 3 units down from y  = 3, locate the 
point 3 units up from y  = 3. C' would be (–4, 6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

19.  x = –1 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line x =
–1. 
  
Draw x = –1. 
  
Vertex A is 4 units left from x = –1, locate the point
4 units right from x = –1. A ' would be (3, 8). 
Vertex B is on the line x = –1,  so B' would be (–1, 
5). 
Vertex C is 3 units left from x = –1, locate the point
3 units right from x = –1. C' would be (2, 0). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

20. JKLM; x = 1 

SOLUTION:  
J is (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line x = 1. 
  
Draw the line x = 1. 
  
Vertex J is at 2 units right from x = 1, locate the 
point 2 units left from x = 1. J' would be (–1, 8). 
Vertex K is 5 units right from x = 1, locate the point
5 units left from x = 1. K' would be (–4, 8). 
Vertex L is 5 units right from x = 1, locate the point 
5 units left from x = 1. L' would be (–4, 5). 
Vertex M is on x = 1, so M' would be (1, 2). 
  
Then connect the vertices, J', K', L', and M' to form
the reflected image. 

 

ANSWER:  

 

21. JKLM; y  = 4 

SOLUTION:  
J is at (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line y  = 4. 
  
Draw the line y  = 4. 
  
Vertex J is 4 units up from y  = 4, locate the point 4 
units down from y  = 4. J' would be (3, 0). 
Vertex K is 4 units up from y  = 4, locate the point 4
units down from y  = 4. K' would be (6, 0). 
Vertex L is 1 unit up from y  = 4, locate the point 1 
unit down from y  = 4. L' would be (6, 3). 
Vertex M is 2 units down from y  = 4, locate the 
point 2 units up from y  = 4. M' would be (1, 6). 
  
Then connect the vertices J', K', L', and M' to form 
the reflected image. 

 

ANSWER:  

 

22. WXYZ; y  = –4 

SOLUTION:  
W is at (–2, –2), X  is at (6, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line y  = –4. 
  
Draw the line y  = –4. 
  
Vertex W is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. W' would be (–2, –6). 
Vertex X is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. X ' would be (6, –6). 
Vertex Y is 1 unit down from y  = –4, locate the 
point 1 unit up from y  = –4. Y' would be (4, –3). 
Vertex Z is 3 units down from y  = –4, locate the 
point 3 units up from y  = –4. Z' would be (0, –1). 
  
Then connect the vertices W', X ', Y', and Z' to form 
the reflected image. 
  

 

ANSWER:  

 

23. WXYZ; x = –2 

SOLUTION:  
W is at (–2, –2), X  is at (5, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line x = –2. 
  
Draw the line x = –2. 
  
Vertex W is on x = –2, so W' would be (–2, –2). 
Vertex X is 7 units right from x = –2, locate the 
point 7 units left from x = –2. X ' would be (–9, –2).
Vertex Y is 6 units right from x = –2, locate the 
point 6 units left from x = –2. Y' would be (–8, –5). 
Vertex Z is 2 units right from x = –2, locate the 
point 2 units left from x = –2. Z' would be (–4, –7).
  
Then connect the vertices, W', X ', Y', and Z' to form
the reflected image. 
  

 

ANSWER:  

 

STRUCTURE  Graph each figure and its image 
under the given reflection. 

24. rectangle ABCD with vertices A(–5, 2), B(1, 2), C(1, 
–1), and D(–5, –1) in the line y  = –2 

SOLUTION:  
To reflect over the line  y  = –2, subtract from the y -
coordinate the distance from the y  = –2 line.  
  
(x, y ) → (x, y – distance from y = –2 ) 

A(–5, 2) → Distance: +4, A'(–5, –6) 

B(1, 2) → Distance: +4, B'(1, –6) 

C(1, –1) → Distance: +1, C'(1, –3), 

D(–5, –1) →Distance: +1, D'(–5, –3) 
  
Plot the points. Then connect the vertices, A ', B', 
C', and D' to form the reflected image. 

 

ANSWER:  

 

25. square JKLM  with vertices J(–4, 6), K(0, 6), L(0, 2),
and M (–4, 2) in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 

J(–4, 6) → J'(4, 6) 

K(0, 6), → K'(0, 6) 

L(0, 2) → L'(0, 2) 

M(–4, 2)  → M'(4, 2) 
  
Plot the points. Then connect the vertices, J, K', 
L',and M' to form the reflected image. 

 

ANSWER:  

 

26.  with vertices F(–3, 2), G(–4, –1), and H(–6, 
–1) in the line y  = x 

SOLUTION:  
To reflect over line y  = x, interchange the x- and  y -
coordinates.  
  
(x, y ) → (y, x)  

 F(–3, 2), →   F'(2, –3) 

G(–4, –1) → G'(–1, –4) 

H(–6, –1) → H'(–1, –6) 
  
Plot the points. Then connect the vertices, F', G', 
and H' to form the reflected image. 
  

 

ANSWER:  

 

27.  with vertices W(2, 3), X(7, 3), Y(6, –1), and 

Z(1, –1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

W(2, 3) →  W'(2, –3) 

X(7, 3) → X'(7, –3), 

Y(6, –1) → Y'(6, 1) 

Z(1, –1) →  Z'(1, 1) 
  
Plot the points. Then connect the vertices, W', X ', 
Y',and Z' to form the reflected image. 
  

 

ANSWER:  

 

Given each figure and image, describe the 
transformation using coordinate notation. 

28. P(–1, 4), Q(2, 4), R(1, –1), and S(–1, –1) and P'(1, 
4), Q'(–2, 4), R'(–1, –1), and S'(1, –1)  

SOLUTION:  
Plot the points for the figure and its image.  

 
Compare the coordinates. 
  
P(–1, 4) →  P'(1, 4) 

Q(2, 4) → Q'(–2, 4) 

R(1, –1) → R'(–1, –1) 

S(–1, –1) →  S'(1, –1) 

To get from the figure to its image each (x, y ) → (–
x, y ). 
This means a reflection in the y -axis.  

ANSWER:  
(x, y ) → (–x, y ); reflection in the y -axis 

29. S(–3, –2), T(–2, 3), and U(2, 2) and S'(–2, –3), T'(3, 
–2), and U'(2, 2) 

SOLUTION:  
Plot the points for the figure and its image.  
  

 
  
Compare the coordinates. 
  
S(–3, –2) → S'(–2 –3) 

T(–2, 3) → T'(3, –2) 

U(2, 2) → U'(2, 2) 
Each vertex is transformed by (x, y ) → (y , x). 
This is a reflection in the line y  = x, interchange the 
x- and  y -coordinates.  

ANSWER:  
(x, y ) → (y , x); reflection in the line y  = x 

Each figure shows a preimage and its reflected 
image in some line. Copy each figure and draw 
the line of reflection. 

30.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

31.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  

 

ANSWER:  

 

32.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

CONSTRUCTION To construct the reflection 
of a figure in a line using only a compass and a 
straightedge, 
you can use: 
• the construction of a line perpendicular to a 
given line through a point not on the line 
(Lesson 1-5), and 
• the construction of a segment congruent to a 
given segment (Lesson 1-2). 

 
TOOLS  Copy each figure and the given line of 
reflection. Then construct the reflected image. 

33.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at B 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from B to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
A and C. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

34.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at K 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from K to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
J and L. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
  
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

35. ARCHITECTURE Refer to the photo of the 
building on page 227.  
a. Identify the line of reflection.  
b. Identify the preimage/image pairs. Assume that 
architectural features on the left-hand side of the 
picture represent the preimages. 

SOLUTION:  

a. is the line of reflection because each point to
its left matches a point to its right.  
b. A and C, D and F,  and ,  and .  

ANSWER:  

a.  

b. A and C, D and F,  and ,  and .  

ALGEBRA Graph the line y  = 2x – 3 and its 
reflected image in the given line. What is the 
equation of the reflected image? 

36. x-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the x-axis, the x-intercept will 
be the same in the reflection. Use the y-intercept to 
find a second point on the reflected line. Since the y-
intercept is –3,  the y-intercept of the reflected line 
will be 3.  
  
Use (1.5, 0) and (0, 3) to write an equation for the 
reflected line.  
  

 
  

 
  

 

ANSWER:  

 

37. y-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y-axis, the y-intercept will 
be the same in the reflection. Use the x-intercept to 
find a second point on the reflected line. Since the x-
intercept is 1.5,  the x-intercept of the reflected line 
will be –1.5.  
  
Use (–1.5, 0) and (0, –3) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

38. y  = x 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y = x line, the x- and y-
coordinates are switched. Switch the coordinates for 
the intercepts.  The y-intercept is (0, –3), so x-
intercept of the reflected line would be (–3, 0). The 
x-intercept is (1.5, 0), so y-intercept of the reflected 
line would be (0, 1.5) 
  
Use (0, 1.5) and (–3, 0) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

39. Reflect  shown below in the line y  = 3x. 

 

SOLUTION:  
Each vertex and its image will be equidistant from y  
= 3x. To estimate the placement of the images of 
each vertex, first find the equation of the lines 
perpendicular to y  = 3x that pass through each 

vertex. Each of these lines will have the slope , 

which is the negative reciprocal of the slope in y  = 
3x. 
  
Vertex C(-3, 6) 

 
Graph this line. Use a ruler to find the distance 
between C(-3, 6) and the point of intersection with 
the line of reflection. Mark C' an equal distance 
along this line. 
  
Vertex D(-1, 1) 

 
Graph this line. Use a ruler to find the distance 
between D(-1, 1) and the point of intersection with 
the line of reflection. Mark D' an equal distance 
along this line. 
  
Vertex E(3, 5) 

 
Graph this line. Use a ruler to find the distance 
between E(3, 5) and the point of intersection with 
the line of reflection. Mark E' an equal distance 
along this line. 
Connect the vertices, C', D', and E' to form the 
reflected image. 

 
  

 

ANSWER:  

 

40. Relocate vertex C so that ABCDE is convex, and all 
sides remain the same length. 

 

SOLUTION:  
If you reflect vertex C over the BD line, the figure 
would become convex.  

 

ANSWER:  

 

ALGEBRA Graph the reflection of each 
function in the given line. Then write the 
equation of the reflected image. 

41. x-axis 

 

SOLUTION:  
To reflect a point in the x-axis, multiply its y -
coordinate by –1.  
  
To reflect   in the x-axis multiply by –
1.  

 

ANSWER:  

 

42. y-axis 

 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
To reflect  over the y -axis, multiply x 
by –1. The reflected equation will then be 

. 
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3-1 Reflections 



Copy the figure and the given line of reflection. 
Then draw the reflected image in this line using
a ruler. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line a. 
Step 2: Measure the distance from point C to the 
line a. Then locate C' the same distance from line a 
on the opposite side.  
Step 3: Repeat Step 2 to locate points D' and F'. 
Then connect the vertices, C', D', and F' to form 
the reflected image.  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point Q to the 
line k. Then locate Q' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points R', S' and 
T'. Then connect the vertices, Q', R', S', and T' to 
form the reflected image.  

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point W to the 
line f . Then locate W' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect the vertices, W', X ', Y' and Z' to 
form the reflected image.  
  

 

ANSWER:  

 

4. SPORTING EVENTS Toru is waiting at a café for 
a friend to bring him a ticket to a sold-out sporting 
event. At what point P along the street should the 
friend try to stop his car to minimize the distance 
Toru will have to walk from the café, to the car, and 
then to the arena entrance? Draw a diagram. 

 

SOLUTION:  
 You are asked to locate a point P on line se such 
that cP + Pe has the least possible value. 
 
The total distance from s to P and then from P to e 
is least when these three points are collinear. Use 
the reflection of point c over the road to find the 
location for point P. 
  
 Draw c'e (or se).  

 
  
Locate P at the intersection of road and line se . 

 
  
Compare the sum cP + Pe for each case to verify 
that the location found for P minimizes this sum. 

ANSWER:  
Sample answer: 

 

Graph  and its image in the given line.

 
5. y  = –2 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line y  = –2. 
  
Vertex A is 3 units up from y  = –2, locate the point 
3 units down from y  = –2. A ' would be (1, –5). 
Vertex B is on the line y  = –2, so B' would be at the
same point (2, –2). 
Vertex C is 4 units up from y  = –2, locate the point 
4 units down from y  = –2. C' would be (7, –6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  
  

 

ANSWER:  

 

6. x = 3 

SOLUTION:  
A is (1,1), B is at (2, –2) and C is at (7, 2). Find a 
corresponding point for each vertex so that a vertex
and its image are equidistant from the line x = 3. 
  
Vertex A is 2 units left from x = 3, locate the point 
2 units right from x = 3. A ' would be at (5, 1). 
Vertex B is 1 unit left from  x = 3, locate the point 1
unit right from x = 3. B' would be at (4, –2). 
Vertex C is 4 units right from x = 3, locate the point
4 units left from x = 3. C' would be at (–1, 2). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

Graph each figure and its image under the given
reflection. 

7.  with vertices X(0, 4), Y(–3, 4), and Z(–4, –1) 
in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 
X(0, 4) → X'(0, 4) 
Y(–3, 4) → Y'(3, 4) 
Z(–4, –1) →Z'(4, –1) 
  
Plot the points. Then connect the vertices, X ', Y', 
and Z' to form the reflected image. 
  

 

ANSWER:  

 

8.  QRST with vertices Q(–1, 4), R(4, 4), S(3, 1), and
T(–2, 1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

Q(–1, 4) → Q'(–1, –4) 

R(4, 4) → R'(4, –4) 

S(3, 1) →S'(3, –1) 

T(–2, 1) →T'(–2, –1) 
  
Plot the points. Then connect the vertices, Q', R', S',
and T' to form the reflected image. 
  

 

ANSWER:  

 

9. Given quadrilaterals J(–3, 1), K(–1, 3), L(1, 3), and M
(–3, –1) and its image J'(1, –3), K'(3, –1), L'(3, 1), 
and M'(–1, –3), describe the transformation using 
coordinate notation.  

SOLUTION:  
Plot the points for the preimage and the image. 
  

 
The transformation sends each vertex as follows.
  
J(–3, 1) →  J'(1, –3) 

K(–1, 3) →  K'(3, –1) 

L(1, 3) → L'(3, 1) 

M(–3, –1)  → M'(–1, –3) 
  
That means that (x, y ) → (y , x). 
  
This is the result of a reflection over the y = x .  

ANSWER:  
(x, y ) → (y , x); reflection in the y = x .  

TOOLS Copy the figure and the given line of 
reflection. Then draw the reflected image in this
line using a ruler. 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line k. 
Step 2: Measure the distance from point X  to the 
line k. Then locate X ' the same distance from line k 
on the opposite side.  
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect the vertices, X ', Y', and Z' to form the 
reflected image.  

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line s. 
Step 2: Measure the distance from point J to the 
line s. Then locate J' the same distance from line s 
on the opposite side.  
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect the vertices J', K', L', and M' to 
form the reflected image.  

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line c. 
Step 2: Measure the distance from point E to the 
line c. Then locate E' the same distance from line c 
on the opposite side.  
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect the vertices, E', F', G' and H' to 
form the reflected image.  

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line t. 
Step 2: Measure the distance from point A  to the 
line t. Then locate A ' the same distance from line t 
on the opposite side.  
Step 3: Repeat Step 2 to locate points B', C' and 
D'. Then connect the vertices, A ', B', C' and D' to 
form the reflected image.  

 

ANSWER:  

 

14.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line w. 
Step 2: Measure the distance from point P to the 
line w. Then locate P' the same distance from line w
on the opposite side.  
Step 3: Repeat Step 2 to locate points Q', R', S', 
T,' and U'. Then connect the vertices P', Q', R', S', 
T', and U' to form the reflected image.  

 

ANSWER:  

 

15.   

SOLUTION:  
Step 1: Draw a line through each vertex that is 
perpendicular to line f . 
Step 2: Measure the distance from point V to the 
line f . Then locate V' the same distance from line f  
on the opposite side.  
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect the vertices, V', W', X ', Y' and
Z' to form the reflected image.  

 

ANSWER:  

 

SPORTS When a ball is rolled or struck without
spin against a wall, it bounces off the wall and 
travels in a ray that is the reflected image of the
path of the ball if it had gone straight through 
the wall. Use this information in Exercises 16 
and 17. 

 
16. BILLIARDS Tadeo is playing billiards. He wants to

strike the eight ball with the cue ball so that the eight 
ball bounces off the rail and rolls into the indicated 
pocket. If the eight ball moves with no spin, draw a 
diagram showing the exact point P along the right rail
where the eight ball should hit after being struck by 
the cue ball. 

 

SOLUTION:  
We want to determine where the 8 ball should hit the
rail so that it goes into the side pocket. To do this, we
will need to locate a point P on the rail of the table 
such that P is collinear with the side pocket and the 
reflection of the 8 ball.  
  
Step 1: Locate the reflection of the 8 ball. The rail 
(red line) is equidistant from the 8 ball and the 
reflection. 

 
Step 2: Draw a line from the side pocket to the 
reflection. We now know the line along which the 8 
ball should travel in order to go into the side pocket. 

 
The intersection of the red and blue lines is the 
location of point P. The distance from P to the 8 ball 
and from P to the reflection are equal. 

 

ANSWER:  

 

17. INDOOR SOCCER Abby is playing indoor soccer,
and she wants to hit the ball to point C, but must 
avoid an opposing player at point B. She decides to 
hit the ball at point A so that it bounces off the side 
wall. Draw a diagram that shows the exact point 
along the top wall for which Abby should aim. 

 

SOLUTION:  
You are asked to locate a point P on line k such 
that cP + A'P  has the least possible value. 
 
The total distance from c to P and then from A ' to P
is least when these three points are collinear. Use 
the reflection of point A  in line k to find the location 
for point P. 
  
Draw A 'c . Locate P at the intersection of line k and
line A 'c. 
  
Compare the sum cP + A'P  for each case to verify 
that the location found for P minimizes this sum 

 

ANSWER:  

 

Graph each figure and its image in the given 
line. 

 

 

 
18.  y  = 3 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line y  =
3. 
  
Draw y  = 3. 
  
Vertex A is 5 units up from y  = 3, locate the point 5
units down from y  = 3. A ' would be (–5, –2). 
Vertex B is 2 units up from the y  = 3,  locate the 
point 2 units down from y  = 3. B' would be (–1, 1). 
Vertex C is 3 units down from y  = 3, locate the 
point 3 units up from y  = 3. C' would be (–4, 6). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

19.  x = –1 

SOLUTION:  
A is (–5, 8), B is at (–1, 5) and C is at (–4, 0). Find
a corresponding point for each vertex so that a 
vertex and its image are equidistant from the line x =
–1. 
  
Draw x = –1. 
  
Vertex A is 4 units left from x = –1, locate the point
4 units right from x = –1. A ' would be (3, 8). 
Vertex B is on the line x = –1,  so B' would be (–1, 
5). 
Vertex C is 3 units left from x = –1, locate the point
3 units right from x = –1. C' would be (2, 0). 
  
Then connect the vertices, A ', B', and C' to form the
reflected image.  

 

ANSWER:  

 

20. JKLM; x = 1 

SOLUTION:  
J is (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line x = 1. 
  
Draw the line x = 1. 
  
Vertex J is at 2 units right from x = 1, locate the 
point 2 units left from x = 1. J' would be (–1, 8). 
Vertex K is 5 units right from x = 1, locate the point
5 units left from x = 1. K' would be (–4, 8). 
Vertex L is 5 units right from x = 1, locate the point 
5 units left from x = 1. L' would be (–4, 5). 
Vertex M is on x = 1, so M' would be (1, 2). 
  
Then connect the vertices, J', K', L', and M' to form
the reflected image. 

 

ANSWER:  

 

21. JKLM; y  = 4 

SOLUTION:  
J is at (3,8), K is at (6, 8), L is at (6, 5),and M is at 
(1, 2). Find a corresponding point for each vertex 
so that a vertex and its image are equidistant from 
the line y  = 4. 
  
Draw the line y  = 4. 
  
Vertex J is 4 units up from y  = 4, locate the point 4 
units down from y  = 4. J' would be (3, 0). 
Vertex K is 4 units up from y  = 4, locate the point 4
units down from y  = 4. K' would be (6, 0). 
Vertex L is 1 unit up from y  = 4, locate the point 1 
unit down from y  = 4. L' would be (6, 3). 
Vertex M is 2 units down from y  = 4, locate the 
point 2 units up from y  = 4. M' would be (1, 6). 
  
Then connect the vertices J', K', L', and M' to form 
the reflected image. 

 

ANSWER:  

 

22. WXYZ; y  = –4 

SOLUTION:  
W is at (–2, –2), X  is at (6, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line y  = –4. 
  
Draw the line y  = –4. 
  
Vertex W is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. W' would be (–2, –6). 
Vertex X is 2 units up from y  = –4, locate the point 
2 units down from y  = –4. X ' would be (6, –6). 
Vertex Y is 1 unit down from y  = –4, locate the 
point 1 unit up from y  = –4. Y' would be (4, –3). 
Vertex Z is 3 units down from y  = –4, locate the 
point 3 units up from y  = –4. Z' would be (0, –1). 
  
Then connect the vertices W', X ', Y', and Z' to form 
the reflected image. 
  

 

ANSWER:  

 

23. WXYZ; x = –2 

SOLUTION:  
W is at (–2, –2), X  is at (5, –2), Y is at (4, –5),and 
Z is at (0, –7). Find a corresponding point for each 
vertex so that a vertex and its image are equidistant 
from the line x = –2. 
  
Draw the line x = –2. 
  
Vertex W is on x = –2, so W' would be (–2, –2). 
Vertex X is 7 units right from x = –2, locate the 
point 7 units left from x = –2. X ' would be (–9, –2).
Vertex Y is 6 units right from x = –2, locate the 
point 6 units left from x = –2. Y' would be (–8, –5). 
Vertex Z is 2 units right from x = –2, locate the 
point 2 units left from x = –2. Z' would be (–4, –7).
  
Then connect the vertices, W', X ', Y', and Z' to form
the reflected image. 
  

 

ANSWER:  

 

STRUCTURE  Graph each figure and its image 
under the given reflection. 

24. rectangle ABCD with vertices A(–5, 2), B(1, 2), C(1, 
–1), and D(–5, –1) in the line y  = –2 

SOLUTION:  
To reflect over the line  y  = –2, subtract from the y -
coordinate the distance from the y  = –2 line.  
  
(x, y ) → (x, y – distance from y = –2 ) 

A(–5, 2) → Distance: +4, A'(–5, –6) 

B(1, 2) → Distance: +4, B'(1, –6) 

C(1, –1) → Distance: +1, C'(1, –3), 

D(–5, –1) →Distance: +1, D'(–5, –3) 
  
Plot the points. Then connect the vertices, A ', B', 
C', and D' to form the reflected image. 

 

ANSWER:  

 

25. square JKLM  with vertices J(–4, 6), K(0, 6), L(0, 2),
and M (–4, 2) in the y-axis 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
  
(x, y ) → (–x, y ) 

J(–4, 6) → J'(4, 6) 

K(0, 6), → K'(0, 6) 

L(0, 2) → L'(0, 2) 

M(–4, 2)  → M'(4, 2) 
  
Plot the points. Then connect the vertices, J, K', 
L',and M' to form the reflected image. 

 

ANSWER:  

 

26.  with vertices F(–3, 2), G(–4, –1), and H(–6, 
–1) in the line y  = x 

SOLUTION:  
To reflect over line y  = x, interchange the x- and  y -
coordinates.  
  
(x, y ) → (y, x)  

 F(–3, 2), →   F'(2, –3) 

G(–4, –1) → G'(–1, –4) 

H(–6, –1) → H'(–1, –6) 
  
Plot the points. Then connect the vertices, F', G', 
and H' to form the reflected image. 
  

 

ANSWER:  

 

27.  with vertices W(2, 3), X(7, 3), Y(6, –1), and 

Z(1, –1) in the x-axis 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
(x, y ) → (x, –y ) 

W(2, 3) →  W'(2, –3) 

X(7, 3) → X'(7, –3), 

Y(6, –1) → Y'(6, 1) 

Z(1, –1) →  Z'(1, 1) 
  
Plot the points. Then connect the vertices, W', X ', 
Y',and Z' to form the reflected image. 
  

 

ANSWER:  

 

Given each figure and image, describe the 
transformation using coordinate notation. 

28. P(–1, 4), Q(2, 4), R(1, –1), and S(–1, –1) and P'(1, 
4), Q'(–2, 4), R'(–1, –1), and S'(1, –1)  

SOLUTION:  
Plot the points for the figure and its image.  

 
Compare the coordinates. 
  
P(–1, 4) →  P'(1, 4) 

Q(2, 4) → Q'(–2, 4) 

R(1, –1) → R'(–1, –1) 

S(–1, –1) →  S'(1, –1) 

To get from the figure to its image each (x, y ) → (–
x, y ). 
This means a reflection in the y -axis.  

ANSWER:  
(x, y ) → (–x, y ); reflection in the y -axis 

29. S(–3, –2), T(–2, 3), and U(2, 2) and S'(–2, –3), T'(3, 
–2), and U'(2, 2) 

SOLUTION:  
Plot the points for the figure and its image.  
  

 
  
Compare the coordinates. 
  
S(–3, –2) → S'(–2 –3) 

T(–2, 3) → T'(3, –2) 

U(2, 2) → U'(2, 2) 
Each vertex is transformed by (x, y ) → (y , x). 
This is a reflection in the line y  = x, interchange the 
x- and  y -coordinates.  

ANSWER:  
(x, y ) → (y , x); reflection in the line y  = x 

Each figure shows a preimage and its reflected 
image in some line. Copy each figure and draw 
the line of reflection. 

30.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

31.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  

 

ANSWER:  

 

32.   

SOLUTION:  
Step 1: Draw a line connecting each vertex with its 
image. 
Step 2: Measure the distance between the preimage
and its image.  
Step 3: Divide the distance by 2 and place a point 
at the calculated midpoint. 
Step 4: Connect the midpoints to create the line of 
reflection f .  
  

 

ANSWER:  

 

CONSTRUCTION To construct the reflection 
of a figure in a line using only a compass and a 
straightedge, 
you can use: 
• the construction of a line perpendicular to a 
given line through a point not on the line 
(Lesson 1-5), and 
• the construction of a segment congruent to a 
given segment (Lesson 1-2). 

 
TOOLS  Copy each figure and the given line of 
reflection. Then construct the reflected image. 

33.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at B 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from B to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
A and C. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

34.   

SOLUTION:  
First construct lines that are perpendicular to the red
line that pass through each vertex of the triangle. 
Next, use a compass to copy the segments from 
each vertex to the red line. 
To construct a line perpendicular to a line through a 
point not on the line, first place the compass at K 
and draw a large arc that intersects the red line in 
two places. Then place the compass at the 
intersection of the arc and the red line and draw a 
small arc approximately where the line will be. 
Keep the same compass setting and make another 
arc from the other intersection point. These two 
small arcs should intersect. Draw a line from K to 
the intersection of the two small arcs. This line is 
perpendicular to the red line. Follow these steps for 
J and L. 

 
Next, copy the length of each segment from the 
vertex to the red line. 

 
  
Label the vertices of the reflected image and 
connect them to form a triangle. 

 

ANSWER:  

 

35. ARCHITECTURE Refer to the photo of the 
building on page 227.  
a. Identify the line of reflection.  
b. Identify the preimage/image pairs. Assume that 
architectural features on the left-hand side of the 
picture represent the preimages. 

SOLUTION:  

a. is the line of reflection because each point to
its left matches a point to its right.  
b. A and C, D and F,  and ,  and .  

ANSWER:  

a.  

b. A and C, D and F,  and ,  and .  

ALGEBRA Graph the line y  = 2x – 3 and its 
reflected image in the given line. What is the 
equation of the reflected image? 

36. x-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the x-axis, the x-intercept will 
be the same in the reflection. Use the y-intercept to 
find a second point on the reflected line. Since the y-
intercept is –3,  the y-intercept of the reflected line 
will be 3.  
  
Use (1.5, 0) and (0, 3) to write an equation for the 
reflected line.  
  

 
  

 
  

 

ANSWER:  

 

37. y-axis 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y-axis, the y-intercept will 
be the same in the reflection. Use the x-intercept to 
find a second point on the reflected line. Since the x-
intercept is 1.5,  the x-intercept of the reflected line 
will be –1.5.  
  
Use (–1.5, 0) and (0, –3) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

38. y  = x 

SOLUTION:  
Find the x and y-intercepts of the line y  = 2x – 3. The
x-intercept is 1.5 and y-intercept is –3.  
  
When you reflect over the y = x line, the x- and y-
coordinates are switched. Switch the coordinates for 
the intercepts.  The y-intercept is (0, –3), so x-
intercept of the reflected line would be (–3, 0). The 
x-intercept is (1.5, 0), so y-intercept of the reflected 
line would be (0, 1.5) 
  
Use (0, 1.5) and (–3, 0) to write an equation for the 
reflected line.  
  

 
  

 

 

ANSWER:  

 

39. Reflect  shown below in the line y  = 3x. 

 

SOLUTION:  
Each vertex and its image will be equidistant from y  
= 3x. To estimate the placement of the images of 
each vertex, first find the equation of the lines 
perpendicular to y  = 3x that pass through each 

vertex. Each of these lines will have the slope , 

which is the negative reciprocal of the slope in y  = 
3x. 
  
Vertex C(-3, 6) 

 
Graph this line. Use a ruler to find the distance 
between C(-3, 6) and the point of intersection with 
the line of reflection. Mark C' an equal distance 
along this line. 
  
Vertex D(-1, 1) 

 
Graph this line. Use a ruler to find the distance 
between D(-1, 1) and the point of intersection with 
the line of reflection. Mark D' an equal distance 
along this line. 
  
Vertex E(3, 5) 

 
Graph this line. Use a ruler to find the distance 
between E(3, 5) and the point of intersection with 
the line of reflection. Mark E' an equal distance 
along this line. 
Connect the vertices, C', D', and E' to form the 
reflected image. 

 
  

 

ANSWER:  

 

40. Relocate vertex C so that ABCDE is convex, and all 
sides remain the same length. 

 

SOLUTION:  
If you reflect vertex C over the BD line, the figure 
would become convex.  

 

ANSWER:  

 

ALGEBRA Graph the reflection of each 
function in the given line. Then write the 
equation of the reflected image. 

41. x-axis 

 

SOLUTION:  
To reflect a point in the x-axis, multiply its y -
coordinate by –1.  
  
To reflect   in the x-axis multiply by –
1.  

 

ANSWER:  

 

42. y-axis 

 

SOLUTION:  
To reflect over the y -axis, multiply the x-coordinate 
of each vertex by –1.  
To reflect  over the y -axis, multiply x 

by –1. The reflected equation will then be 

. 

  
  

  

ANSWER:  

 

43. x-axis 

 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
To reflect  over the x-axis, multiply     by –
1. The reflected equation is then  . 

 

ANSWER:  

 

44. MULTIPLE REPRESENTATIONS In this 
problem, you will investigate a reflection in the origin.
a. Geometric Draw in the coordinate plane 
so that each vertex is a whole-number ordered pair. 
b. Graphical Locate each reflected point and 

 so that the reflected point, the original point, and 
the origin are collinear, and both the original point and
the reflected point are equidistant from the origin. 
c. Tabular Copy and complete the table below. 

 
d. Verbal Make a conjecture about the relationship 
between corresponding vertices of a figure reflected 
in the origin. 

SOLUTION:  
a. The vertices of  are A(2, 4), B (4, 5), and C
(3,1). 

 
  
b. We need to find points such that the reflected 
point, the original point, and the origin are collinear, 
and both the original point and the reflected point are 
equidistant from the origin.  
  
To reflect ABC about the origin, multiply both the 
x- and y-coordinates by –1.  
  
(x, y ) → (–x, –y ) 
A(2, 4)→ A'(–2, –4) 
B(4, 5)→ B'(–4, –5) 
C (3, 1) →C' (–3, –1) 
  
Plot the points. Then connect the vertices, A ', B', 
and C' to form the reflected image. 

 
  
c. 

 
  
d. Sample answer: The coordinates of the reflective 
image are the additive inverses of the coordinates of 
the original image. 

ANSWER:  
a. 

 
b. 

 
c. 

 
d. 
Sample answer: The coordinates of the reflective 
image are the additive inverses of the coordinates of 
the original image. 

45. ERROR ANALYSIS Jamil and Ashley are finding 
the coordinates of the image of (2, 3) after a 
reflection in the x-axis. Is either of them correct? 
Explain. 

 

SOLUTION:  
Jamil is correct. When you reflect a point across the 
x-axis, the reflected point is in the same place 
horizontally, but not vertically. When (2, 3) is 
reflected across the x-axis, the coordinates of the 
reflected point are (2, –3) since it is in the same 
location horizontally, but the other side of the x-axis 
vertically. 

 

ANSWER:  
Jamil; sample answer: When you reflect a point 
across the x-axis, the reflected point is in the same 
place horizontally, but not vertically. When (2, 3) is 
reflected across the x-axis, the coordinates of the 
reflected point are (2, –3) since it is in the same 
location horizontally, but the other side of the x-axis 
vertically. 

46. WRITING IN MATH Describe how to reflect a 
figure not on the coordinate plane across a line. 

SOLUTION:  
Draw a line through each vertex of the image that is 
perpendicular to the line of reflection. Next, measure 
the distance from each vertex to the line of 
reflection. 
Locate each vertex the same perpendicular distance 
from the opposite side of the line. Connect each of 
the vertices to form the reflected image. 

 

ANSWER:  
Draw a line through each vertex of the image that is 
perpendicular to the line of reflection. Next, measure 
the distance from each vertex to the line of 
reflection. 
Locate each vertex the same perpendicular distance 
from the opposite side of the line. Connect each of 
the vertices to form the reflected image. 

47. CHALLENGE A point in the second quadrant with
coordinates (–a, b) is reflected in the x-axis. If the 
reflected point is then reflected in the line y  = –x, 
what are the final coordinates of the image? 

SOLUTION:  
The reflection of the point (–a, b) about the x-axis 
will be (–a, –b).  

 
If you reflect the point (–a, –b) about the line y  = –x,
then the coordinates of the point will be (b, a). 

 

ANSWER:  
(b,a) 

48. OPEN-ENDED Draw a polygon on the coordinate 
plane that when reflected in the x-axis looks exactly 
like the original figure. 

SOLUTION:  
Reflect over the x-axis. Multiply the y -coordinate of
each vertex by –1.  
(x, y ) → (x, –y ) 
A(–1, 3) → A'(–1, –3) 
B(1, 3) → B'(1, –3) 
C(1, 1) →C'(1, –1) 
D(–1, 1) →D'(–1, –1) 
  
Plot the points. Then connect the vertices, A ', B', 
C',and D' to form the reflected image. 

 

ANSWER:  
Sample answer: 

 

49. CHALLENGE When A(4, 3) is reflected in a line, 

its image is (−1, 0). Find the equation of the line of
reflection. Explain your reasoning. 

SOLUTION:  

The slope of the line connecting the two points is  . 

The Midpoint Formula can be used to find the 

midpoint between the two points, which is . 

Using the point-slope form, the equation of the line is 

y = + 4. (The slope of the bisector is 

 because it is the negative reciprocal of the slope 

 .)
 

 

ANSWER:  

The slope of the line connecting the two points is  . 

The Midpoint Formula can be used to find the 

midpoint between the two points, which is . 

Using the point-slope form, the equation of the line is 

y = + 4. (The slope of the bisector is 

 because it is the negative reciprocal of the slope 

 .)
 

50. PRECISION The image of a point reflected in a 
line is always, sometimes, or never located on the 
other side of the line of reflection. 

SOLUTION:  
Sometimes; if the point in located on the line of 
reflection, then the point will remain in its same 
location. 

 

ANSWER:  
Sometimes; if the point in located on the line of 
reflection, then the point will remain in its same 
location. 

51. WRITING IN MATH Suppose points P, Q, and R 
are collinear, with point Q between points P and R. 
Describe a plan for a proof that the reflection of 
points P, Q, and R in a line preserves collinearity and 
betweenness of points. 

SOLUTION:  
It is given that P, Q, and R are collinear and that Q is
between P and R. These points are reflected in a 
line. We are to show that the image preserves 
collinearity and betweenness of points by showing 
that P', Q', and R' are collinear and that Q' is 
between P' and R'. 
First, construct P, Q, and R collinear with Q between
P  and R. Draw line L, then construct perpendicular 
lines from P, Q, and R to line L.  
  

 
To show that the points are collinear, find and 

compare the slopes of  and  and  and 

. Next, show the betweenness of points. By 
definition, if P'Q' + Q'R' = P'R' then Q' is between P'
and R'.Find and compare the lengths of each 
segment. 

ANSWER:  
Construct P, Q, and R collinear with Q between P 
and R. Draw line L, then construct perpendicular 
lines from P, Q, and R to line L. Show equidistance 
or similarity of slope. 

52. Quadrilateral ABCD has vertices A(1, 2), B(3, 6), C
(7, 6), and D(7, 0). What are the coordinates of C 

under the reflection ? 
  
A  
B  
C  
D  
  

SOLUTION:  
To find the coordinates of C under the reflection 

, find the opposite of the x-
coordinate and keep the y-coordinate the same. 
  

, so the correct answer is 
choice A. 
  

ANSWER:  
A 

53. Amira drew ΔJKL as shown. Then she accurately 
drew the image of ΔJKL under the reflection (x, y) 

→ (y, x) and labeled the image . 

                        

Which of the following statements about  
must be true? 

A  lies entirely in Quadrant I. 

B  lies entirely in Quadrant II. 

C  lies entirely in Quadrant III. 

D  coincides with Δ JKL. 

SOLUTION:  

Determine the coordinates of   by applying 
the rule (x, y) → (y, x) for each vertex of ΔJKL.  

 
Then, graph the coordinates of ΔJ'K'L'. 

         
The correct choice is B, as the entire triangle lies 
within Quadrant II and it does not coincide with 
ΔJKL or the x-axis.  

ANSWER:  
B 

54. Jennifer draws a line and a point P not on the line. 
Then she accurately draws the reflection image of 
point P, which she labels P'. She finds that the 
distance from point P to the line of reflection is 4 

centimeters. What is the length of ? 
  
A 2 cm 
B 4 cm 
C 8 cm 
D 16 cm 

SOLUTION:  
Jennifer draws a line and a point P not on the line. 
Then she accurately draws the reflection image of 
point P, which she labels P'. She finds that the 
distance from point P to the line of reflection is 4 

centimeters. The length of  is twice the distance 
from point P to the line of reflection, because the 
distance from point P' to the line of reflection should 
be the same as from point P to the line of reflection.  
  
2(4 cm) = 8 cm, the correct answer is choice C.   
  

ANSWER:  
C 

55. What is the x-coordinate of the image of the point 

 after a reflection in the line y  = x? 
  
x-coordinate = ___________ 

SOLUTION:  
A reflection in the line y  = x switches the coordinates
of a point, so the x-coordinate after the reflection is 
the same as the y-coordinate before the reflection, 
which is . 

ANSWER:  
 

56. Jamal draws a rectangle with vertices 

  and    and 

then its reflection at   and 

 Describe the transformation using 
coordinate notation. 

SOLUTION:  
A transformation that sends  

   and    to 

   and  keeps the y-
coordinate as is and changes the sign on the x-
coordinate. That is a reflection in the y-axis or a 

transformation of .  
  
  

ANSWER:  

; reflection in the y-axis 

57. The vertices of triangle DEF are D(3, 3), E(2, 0) and
F(6, 1). Afer a reflection in the line y  = x, which of 
the following points lies in the interior of triangle 
D'E'F'?  
A    
B    
C    
D    

SOLUTION:  
First find the vertices of D'E'F'. 
  
A reflection through the line y  = x sends (x, y) to (y, 
x), so the coordinates of the image are D'(3, 3), E'(0, 
2), and F'(1, 6). 
  
Graph the new triangle and test each point, or note 
that only answer choice B is in the same quadrant as 
the image. The correct choice is B.  

ANSWER:  
B 

58. Kyle performs a reflection and finds that every point 
on the x-axis is mapped to itself. Which of the 
following could be Kyle’s reflection? 
A  
B  
C  
D  

SOLUTION:  
For every point in the x-axis to be mapped onto itself,
the image of the x-coordinate must remain the same. 
The correct choice is A, as it is the only one where 
the x-coordinate doesn't change from the preimage to
the image.  

ANSWER:  
A 

59. MULTI-STEP Carlos is using a coordinate plane to 
design a mural. He starts by drawing triangle QRS as
shown. 
  

 
a. Carlos decides to reflect the triangle in the x-axis. 
In which quadrant does the reflection image lie.  
b. Carlos also reflects the triangle so that the image 

of point S is . Write a coordinate rule for 
the reflection Carlos used.  
c. Describe a reflection Carlos can use if he wants 
the image of triangle QRS to intersect the x-axis.  

SOLUTION:  
a. A reflection of a triangle in Quadrant III like this 
one will send all of the points to Quadrant II, because
it makes all of the y-coordinates positive, and does 
not change the x-coordinates. 
b. Since point S is at  the transformation 

that sends it to  is .  
c. Any line that moves the triangle up at least 1 unit 
and no more than 4 units will make the image 
intersect the x-axis. one such line is . 

ANSWER:  
a. Quadrant II 
b.  
c. Sample answer: reflection in the line . 

 

ANSWER:  

 

43. x-axis 

 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
To reflect  over the x-axis, multiply     by –
1. The reflected equation is then  . 

 

ANSWER:  

 

44. MULTIPLE REPRESENTATIONS In this 
problem, you will investigate a reflection in the origin.
a. Geometric Draw in the coordinate plane 
so that each vertex is a whole-number ordered pair. 
b. Graphical Locate each reflected point and 

 so that the reflected point, the original point, and 
the origin are collinear, and both the original point and
the reflected point are equidistant from the origin. 
c. Tabular Copy and complete the table below. 

 
d. Verbal Make a conjecture about the relationship 
between corresponding vertices of a figure reflected 
in the origin. 

SOLUTION:  
a. The vertices of  are A(2, 4), B (4, 5), and C
(3,1). 

 
  
b. We need to find points such that the reflected 
point, the original point, and the origin are collinear, 
and both the original point and the reflected point are 
equidistant from the origin.  
  
To reflect ABC about the origin, multiply both the 
x- and y-coordinates by –1.  
  
(x, y ) → (–x, –y ) 
A(2, 4)→ A'(–2, –4) 
B(4, 5)→ B'(–4, –5) 
C (3, 1) →C' (–3, –1) 
  
Plot the points. Then connect the vertices, A ', B', 
and C' to form the reflected image. 

 
  
c. 

 
  
d. Sample answer: The coordinates of the reflective 
image are the additive inverses of the coordinates of 
the original image. 

ANSWER:  
a. 

 
b. 

 
c. 

 
d. 
Sample answer: The coordinates of the reflective 
image are the additive inverses of the coordinates of 
the original image. 

45. ERROR ANALYSIS Jamil and Ashley are finding 
the coordinates of the image of (2, 3) after a 
reflection in the x-axis. Is either of them correct? 
Explain. 

 

SOLUTION:  
Jamil is correct. When you reflect a point across the 
x-axis, the reflected point is in the same place 
horizontally, but not vertically. When (2, 3) is 
reflected across the x-axis, the coordinates of the 
reflected point are (2, –3) since it is in the same 
location horizontally, but the other side of the x-axis 
vertically. 

 

ANSWER:  
Jamil; sample answer: When you reflect a point 
across the x-axis, the reflected point is in the same 
place horizontally, but not vertically. When (2, 3) is 
reflected across the x-axis, the coordinates of the 
reflected point are (2, –3) since it is in the same 
location horizontally, but the other side of the x-axis 
vertically. 

46. WRITING IN MATH Describe how to reflect a 
figure not on the coordinate plane across a line. 

SOLUTION:  
Draw a line through each vertex of the image that is 
perpendicular to the line of reflection. Next, measure 
the distance from each vertex to the line of 
reflection. 
Locate each vertex the same perpendicular distance 
from the opposite side of the line. Connect each of 
the vertices to form the reflected image. 

 

ANSWER:  
Draw a line through each vertex of the image that is 
perpendicular to the line of reflection. Next, measure 
the distance from each vertex to the line of 
reflection. 
Locate each vertex the same perpendicular distance 
from the opposite side of the line. Connect each of 
the vertices to form the reflected image. 

47. CHALLENGE A point in the second quadrant with
coordinates (–a, b) is reflected in the x-axis. If the 
reflected point is then reflected in the line y  = –x, 
what are the final coordinates of the image? 

SOLUTION:  
The reflection of the point (–a, b) about the x-axis 
will be (–a, –b).  

 
If you reflect the point (–a, –b) about the line y  = –x,
then the coordinates of the point will be (b, a). 

 

ANSWER:  
(b,a) 

48. OPEN-ENDED Draw a polygon on the coordinate 
plane that when reflected in the x-axis looks exactly 
like the original figure. 

SOLUTION:  
Reflect over the x-axis. Multiply the y -coordinate of
each vertex by –1.  
(x, y ) → (x, –y ) 
A(–1, 3) → A'(–1, –3) 
B(1, 3) → B'(1, –3) 
C(1, 1) →C'(1, –1) 
D(–1, 1) →D'(–1, –1) 
  
Plot the points. Then connect the vertices, A ', B', 
C',and D' to form the reflected image. 

 

ANSWER:  
Sample answer: 

 

49. CHALLENGE When A(4, 3) is reflected in a line, 

its image is (−1, 0). Find the equation of the line of
reflection. Explain your reasoning. 

SOLUTION:  

The slope of the line connecting the two points is  . 

The Midpoint Formula can be used to find the 

midpoint between the two points, which is . 

Using the point-slope form, the equation of the line is 

y = + 4. (The slope of the bisector is 

 because it is the negative reciprocal of the slope 

 .)
 

 

ANSWER:  

The slope of the line connecting the two points is  . 

The Midpoint Formula can be used to find the 

midpoint between the two points, which is . 

Using the point-slope form, the equation of the line is 

y = + 4. (The slope of the bisector is 

 because it is the negative reciprocal of the slope 

 .)
 

50. PRECISION The image of a point reflected in a 
line is always, sometimes, or never located on the 
other side of the line of reflection. 

SOLUTION:  
Sometimes; if the point in located on the line of 
reflection, then the point will remain in its same 
location. 

 

ANSWER:  
Sometimes; if the point in located on the line of 
reflection, then the point will remain in its same 
location. 

51. WRITING IN MATH Suppose points P, Q, and R 
are collinear, with point Q between points P and R. 
Describe a plan for a proof that the reflection of 
points P, Q, and R in a line preserves collinearity and 
betweenness of points. 

SOLUTION:  
It is given that P, Q, and R are collinear and that Q is
between P and R. These points are reflected in a 
line. We are to show that the image preserves 
collinearity and betweenness of points by showing 
that P', Q', and R' are collinear and that Q' is 
between P' and R'. 
First, construct P, Q, and R collinear with Q between
P  and R. Draw line L, then construct perpendicular 
lines from P, Q, and R to line L.  
  

 
To show that the points are collinear, find and 

compare the slopes of  and  and  and 

. Next, show the betweenness of points. By 
definition, if P'Q' + Q'R' = P'R' then Q' is between P'
and R'.Find and compare the lengths of each 
segment. 

ANSWER:  
Construct P, Q, and R collinear with Q between P 
and R. Draw line L, then construct perpendicular 
lines from P, Q, and R to line L. Show equidistance 
or similarity of slope. 

52. Quadrilateral ABCD has vertices A(1, 2), B(3, 6), C
(7, 6), and D(7, 0). What are the coordinates of C 

under the reflection ? 
  
A  
B  
C  
D  
  

SOLUTION:  
To find the coordinates of C under the reflection 

, find the opposite of the x-
coordinate and keep the y-coordinate the same. 
  

, so the correct answer is 
choice A. 
  

ANSWER:  
A 

53. Amira drew ΔJKL as shown. Then she accurately 
drew the image of ΔJKL under the reflection (x, y) 

→ (y, x) and labeled the image . 

                        

Which of the following statements about  
must be true? 

A  lies entirely in Quadrant I. 

B  lies entirely in Quadrant II. 

C  lies entirely in Quadrant III. 

D  coincides with Δ JKL. 

SOLUTION:  

Determine the coordinates of   by applying 
the rule (x, y) → (y, x) for each vertex of ΔJKL.  

 
Then, graph the coordinates of ΔJ'K'L'. 

         
The correct choice is B, as the entire triangle lies 
within Quadrant II and it does not coincide with 
ΔJKL or the x-axis.  

ANSWER:  
B 

54. Jennifer draws a line and a point P not on the line. 
Then she accurately draws the reflection image of 
point P, which she labels P'. She finds that the 
distance from point P to the line of reflection is 4 

centimeters. What is the length of ? 
  
A 2 cm 
B 4 cm 
C 8 cm 
D 16 cm 

SOLUTION:  
Jennifer draws a line and a point P not on the line. 
Then she accurately draws the reflection image of 
point P, which she labels P'. She finds that the 
distance from point P to the line of reflection is 4 

centimeters. The length of  is twice the distance 
from point P to the line of reflection, because the 
distance from point P' to the line of reflection should 
be the same as from point P to the line of reflection.  
  
2(4 cm) = 8 cm, the correct answer is choice C.   
  

ANSWER:  
C 

55. What is the x-coordinate of the image of the point 

 after a reflection in the line y  = x? 
  
x-coordinate = ___________ 

SOLUTION:  
A reflection in the line y  = x switches the coordinates
of a point, so the x-coordinate after the reflection is 
the same as the y-coordinate before the reflection, 
which is . 

ANSWER:  
 

56. Jamal draws a rectangle with vertices 

  and    and 

then its reflection at   and 

 Describe the transformation using 
coordinate notation. 

SOLUTION:  
A transformation that sends  

   and    to 

   and  keeps the y-
coordinate as is and changes the sign on the x-
coordinate. That is a reflection in the y-axis or a 

transformation of .  
  
  

ANSWER:  

; reflection in the y-axis 

57. The vertices of triangle DEF are D(3, 3), E(2, 0) and
F(6, 1). Afer a reflection in the line y  = x, which of 
the following points lies in the interior of triangle 
D'E'F'?  
A    
B    
C    
D    

SOLUTION:  
First find the vertices of D'E'F'. 
  
A reflection through the line y  = x sends (x, y) to (y, 
x), so the coordinates of the image are D'(3, 3), E'(0, 
2), and F'(1, 6). 
  
Graph the new triangle and test each point, or note 
that only answer choice B is in the same quadrant as 
the image. The correct choice is B.  

ANSWER:  
B 

58. Kyle performs a reflection and finds that every point 
on the x-axis is mapped to itself. Which of the 
following could be Kyle’s reflection? 
A  
B  
C  
D  

SOLUTION:  
For every point in the x-axis to be mapped onto itself,
the image of the x-coordinate must remain the same. 
The correct choice is A, as it is the only one where 
the x-coordinate doesn't change from the preimage to
the image.  

ANSWER:  
A 

59. MULTI-STEP Carlos is using a coordinate plane to 
design a mural. He starts by drawing triangle QRS as
shown. 
  

 
a. Carlos decides to reflect the triangle in the x-axis. 
In which quadrant does the reflection image lie.  
b. Carlos also reflects the triangle so that the image 

of point S is . Write a coordinate rule for 
the reflection Carlos used.  
c. Describe a reflection Carlos can use if he wants 
the image of triangle QRS to intersect the x-axis.  

SOLUTION:  
a. A reflection of a triangle in Quadrant III like this 
one will send all of the points to Quadrant II, because
it makes all of the y-coordinates positive, and does 
not change the x-coordinates. 
b. Since point S is at  the transformation 

that sends it to  is .  
c. Any line that moves the triangle up at least 1 unit 
and no more than 4 units will make the image 
intersect the x-axis. one such line is . 

ANSWER:  
a. Quadrant II 
b.  
c. Sample answer: reflection in the line . 
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ANSWER:  

 

43. x-axis 

 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
To reflect  over the x-axis, multiply     by –
1. The reflected equation is then  . 

 

ANSWER:  

 

44. MULTIPLE REPRESENTATIONS In this 
problem, you will investigate a reflection in the origin.
a. Geometric Draw in the coordinate plane 
so that each vertex is a whole-number ordered pair. 
b. Graphical Locate each reflected point and 

 so that the reflected point, the original point, and 
the origin are collinear, and both the original point and
the reflected point are equidistant from the origin. 
c. Tabular Copy and complete the table below. 

 
d. Verbal Make a conjecture about the relationship 
between corresponding vertices of a figure reflected 
in the origin. 

SOLUTION:  
a. The vertices of  are A(2, 4), B (4, 5), and C
(3,1). 

 
  
b. We need to find points such that the reflected 
point, the original point, and the origin are collinear, 
and both the original point and the reflected point are 
equidistant from the origin.  
  
To reflect ABC about the origin, multiply both the 
x- and y-coordinates by –1.  
  
(x, y ) → (–x, –y ) 
A(2, 4)→ A'(–2, –4) 
B(4, 5)→ B'(–4, –5) 
C (3, 1) →C' (–3, –1) 
  
Plot the points. Then connect the vertices, A ', B', 
and C' to form the reflected image. 

 
  
c. 

 
  
d. Sample answer: The coordinates of the reflective 
image are the additive inverses of the coordinates of 
the original image. 

ANSWER:  
a. 

 
b. 

 
c. 

 
d. 
Sample answer: The coordinates of the reflective 
image are the additive inverses of the coordinates of 
the original image. 

45. ERROR ANALYSIS Jamil and Ashley are finding 
the coordinates of the image of (2, 3) after a 
reflection in the x-axis. Is either of them correct? 
Explain. 

 

SOLUTION:  
Jamil is correct. When you reflect a point across the 
x-axis, the reflected point is in the same place 
horizontally, but not vertically. When (2, 3) is 
reflected across the x-axis, the coordinates of the 
reflected point are (2, –3) since it is in the same 
location horizontally, but the other side of the x-axis 
vertically. 

 

ANSWER:  
Jamil; sample answer: When you reflect a point 
across the x-axis, the reflected point is in the same 
place horizontally, but not vertically. When (2, 3) is 
reflected across the x-axis, the coordinates of the 
reflected point are (2, –3) since it is in the same 
location horizontally, but the other side of the x-axis 
vertically. 

46. WRITING IN MATH Describe how to reflect a 
figure not on the coordinate plane across a line. 

SOLUTION:  
Draw a line through each vertex of the image that is 
perpendicular to the line of reflection. Next, measure 
the distance from each vertex to the line of 
reflection. 
Locate each vertex the same perpendicular distance 
from the opposite side of the line. Connect each of 
the vertices to form the reflected image. 

 

ANSWER:  
Draw a line through each vertex of the image that is 
perpendicular to the line of reflection. Next, measure 
the distance from each vertex to the line of 
reflection. 
Locate each vertex the same perpendicular distance 
from the opposite side of the line. Connect each of 
the vertices to form the reflected image. 

47. CHALLENGE A point in the second quadrant with
coordinates (–a, b) is reflected in the x-axis. If the 
reflected point is then reflected in the line y  = –x, 
what are the final coordinates of the image? 

SOLUTION:  
The reflection of the point (–a, b) about the x-axis 
will be (–a, –b).  

 
If you reflect the point (–a, –b) about the line y  = –x,
then the coordinates of the point will be (b, a). 

 

ANSWER:  
(b,a) 

48. OPEN-ENDED Draw a polygon on the coordinate 
plane that when reflected in the x-axis looks exactly 
like the original figure. 

SOLUTION:  
Reflect over the x-axis. Multiply the y -coordinate of
each vertex by –1.  
(x, y ) → (x, –y ) 
A(–1, 3) → A'(–1, –3) 
B(1, 3) → B'(1, –3) 
C(1, 1) →C'(1, –1) 
D(–1, 1) →D'(–1, –1) 
  
Plot the points. Then connect the vertices, A ', B', 
C',and D' to form the reflected image. 

 

ANSWER:  
Sample answer: 

 

49. CHALLENGE When A(4, 3) is reflected in a line, 

its image is (−1, 0). Find the equation of the line of
reflection. Explain your reasoning. 

SOLUTION:  

The slope of the line connecting the two points is  . 

The Midpoint Formula can be used to find the 

midpoint between the two points, which is . 

Using the point-slope form, the equation of the line is 

y = + 4. (The slope of the bisector is 

 because it is the negative reciprocal of the slope 

 .)
 

 

ANSWER:  

The slope of the line connecting the two points is  . 

The Midpoint Formula can be used to find the 

midpoint between the two points, which is . 

Using the point-slope form, the equation of the line is 

y = + 4. (The slope of the bisector is 

 because it is the negative reciprocal of the slope 

 .)
 

50. PRECISION The image of a point reflected in a 
line is always, sometimes, or never located on the 
other side of the line of reflection. 

SOLUTION:  
Sometimes; if the point in located on the line of 
reflection, then the point will remain in its same 
location. 

 

ANSWER:  
Sometimes; if the point in located on the line of 
reflection, then the point will remain in its same 
location. 

51. WRITING IN MATH Suppose points P, Q, and R 
are collinear, with point Q between points P and R. 
Describe a plan for a proof that the reflection of 
points P, Q, and R in a line preserves collinearity and 
betweenness of points. 

SOLUTION:  
It is given that P, Q, and R are collinear and that Q is
between P and R. These points are reflected in a 
line. We are to show that the image preserves 
collinearity and betweenness of points by showing 
that P', Q', and R' are collinear and that Q' is 
between P' and R'. 
First, construct P, Q, and R collinear with Q between
P  and R. Draw line L, then construct perpendicular 
lines from P, Q, and R to line L.  
  

 
To show that the points are collinear, find and 

compare the slopes of  and  and  and 

. Next, show the betweenness of points. By 
definition, if P'Q' + Q'R' = P'R' then Q' is between P'
and R'.Find and compare the lengths of each 
segment. 

ANSWER:  
Construct P, Q, and R collinear with Q between P 
and R. Draw line L, then construct perpendicular 
lines from P, Q, and R to line L. Show equidistance 
or similarity of slope. 

52. Quadrilateral ABCD has vertices A(1, 2), B(3, 6), C
(7, 6), and D(7, 0). What are the coordinates of C 

under the reflection ? 
  
A  
B  
C  
D  
  

SOLUTION:  
To find the coordinates of C under the reflection 

, find the opposite of the x-
coordinate and keep the y-coordinate the same. 
  

, so the correct answer is 
choice A. 
  

ANSWER:  
A 

53. Amira drew ΔJKL as shown. Then she accurately 
drew the image of ΔJKL under the reflection (x, y) 

→ (y, x) and labeled the image . 

                        

Which of the following statements about  
must be true? 

A  lies entirely in Quadrant I. 

B  lies entirely in Quadrant II. 

C  lies entirely in Quadrant III. 

D  coincides with Δ JKL. 

SOLUTION:  

Determine the coordinates of   by applying 
the rule (x, y) → (y, x) for each vertex of ΔJKL.  

 
Then, graph the coordinates of ΔJ'K'L'. 

         
The correct choice is B, as the entire triangle lies 
within Quadrant II and it does not coincide with 
ΔJKL or the x-axis.  

ANSWER:  
B 

54. Jennifer draws a line and a point P not on the line. 
Then she accurately draws the reflection image of 
point P, which she labels P'. She finds that the 
distance from point P to the line of reflection is 4 

centimeters. What is the length of ? 
  
A 2 cm 
B 4 cm 
C 8 cm 
D 16 cm 

SOLUTION:  
Jennifer draws a line and a point P not on the line. 
Then she accurately draws the reflection image of 
point P, which she labels P'. She finds that the 
distance from point P to the line of reflection is 4 

centimeters. The length of  is twice the distance 
from point P to the line of reflection, because the 
distance from point P' to the line of reflection should 
be the same as from point P to the line of reflection.  
  
2(4 cm) = 8 cm, the correct answer is choice C.   
  

ANSWER:  
C 

55. What is the x-coordinate of the image of the point 

 after a reflection in the line y  = x? 
  
x-coordinate = ___________ 

SOLUTION:  
A reflection in the line y  = x switches the coordinates
of a point, so the x-coordinate after the reflection is 
the same as the y-coordinate before the reflection, 
which is . 

ANSWER:  
 

56. Jamal draws a rectangle with vertices 

  and    and 

then its reflection at   and 

 Describe the transformation using 
coordinate notation. 

SOLUTION:  
A transformation that sends  

   and    to 

   and  keeps the y-
coordinate as is and changes the sign on the x-
coordinate. That is a reflection in the y-axis or a 

transformation of .  
  
  

ANSWER:  

; reflection in the y-axis 

57. The vertices of triangle DEF are D(3, 3), E(2, 0) and
F(6, 1). Afer a reflection in the line y  = x, which of 
the following points lies in the interior of triangle 
D'E'F'?  
A    
B    
C    
D    

SOLUTION:  
First find the vertices of D'E'F'. 
  
A reflection through the line y  = x sends (x, y) to (y, 
x), so the coordinates of the image are D'(3, 3), E'(0, 
2), and F'(1, 6). 
  
Graph the new triangle and test each point, or note 
that only answer choice B is in the same quadrant as 
the image. The correct choice is B.  

ANSWER:  
B 

58. Kyle performs a reflection and finds that every point 
on the x-axis is mapped to itself. Which of the 
following could be Kyle’s reflection? 
A  
B  
C  
D  

SOLUTION:  
For every point in the x-axis to be mapped onto itself,
the image of the x-coordinate must remain the same. 
The correct choice is A, as it is the only one where 
the x-coordinate doesn't change from the preimage to
the image.  

ANSWER:  
A 

59. MULTI-STEP Carlos is using a coordinate plane to 
design a mural. He starts by drawing triangle QRS as
shown. 
  

 
a. Carlos decides to reflect the triangle in the x-axis. 
In which quadrant does the reflection image lie.  
b. Carlos also reflects the triangle so that the image 

of point S is . Write a coordinate rule for 
the reflection Carlos used.  
c. Describe a reflection Carlos can use if he wants 
the image of triangle QRS to intersect the x-axis.  

SOLUTION:  
a. A reflection of a triangle in Quadrant III like this 
one will send all of the points to Quadrant II, because
it makes all of the y-coordinates positive, and does 
not change the x-coordinates. 
b. Since point S is at  the transformation 

that sends it to  is .  
c. Any line that moves the triangle up at least 1 unit 
and no more than 4 units will make the image 
intersect the x-axis. one such line is . 

ANSWER:  
a. Quadrant II 
b.  
c. Sample answer: reflection in the line . 

 

ANSWER:  

 

43. x-axis 

 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
To reflect  over the x-axis, multiply     by –
1. The reflected equation is then  . 

 

ANSWER:  

 

44. MULTIPLE REPRESENTATIONS In this 
problem, you will investigate a reflection in the origin.
a. Geometric Draw in the coordinate plane 
so that each vertex is a whole-number ordered pair. 
b. Graphical Locate each reflected point and 

 so that the reflected point, the original point, and 
the origin are collinear, and both the original point and
the reflected point are equidistant from the origin. 
c. Tabular Copy and complete the table below. 

 
d. Verbal Make a conjecture about the relationship 
between corresponding vertices of a figure reflected 
in the origin. 

SOLUTION:  
a. The vertices of  are A(2, 4), B (4, 5), and C
(3,1). 

 
  
b. We need to find points such that the reflected 
point, the original point, and the origin are collinear, 
and both the original point and the reflected point are 
equidistant from the origin.  
  
To reflect ABC about the origin, multiply both the 
x- and y-coordinates by –1.  
  
(x, y ) → (–x, –y ) 
A(2, 4)→ A'(–2, –4) 
B(4, 5)→ B'(–4, –5) 
C (3, 1) →C' (–3, –1) 
  
Plot the points. Then connect the vertices, A ', B', 
and C' to form the reflected image. 

 
  
c. 

 
  
d. Sample answer: The coordinates of the reflective 
image are the additive inverses of the coordinates of 
the original image. 

ANSWER:  
a. 

 
b. 

 
c. 

 
d. 
Sample answer: The coordinates of the reflective 
image are the additive inverses of the coordinates of 
the original image. 

45. ERROR ANALYSIS Jamil and Ashley are finding 
the coordinates of the image of (2, 3) after a 
reflection in the x-axis. Is either of them correct? 
Explain. 

 

SOLUTION:  
Jamil is correct. When you reflect a point across the 
x-axis, the reflected point is in the same place 
horizontally, but not vertically. When (2, 3) is 
reflected across the x-axis, the coordinates of the 
reflected point are (2, –3) since it is in the same 
location horizontally, but the other side of the x-axis 
vertically. 

 

ANSWER:  
Jamil; sample answer: When you reflect a point 
across the x-axis, the reflected point is in the same 
place horizontally, but not vertically. When (2, 3) is 
reflected across the x-axis, the coordinates of the 
reflected point are (2, –3) since it is in the same 
location horizontally, but the other side of the x-axis 
vertically. 

46. WRITING IN MATH Describe how to reflect a 
figure not on the coordinate plane across a line. 

SOLUTION:  
Draw a line through each vertex of the image that is 
perpendicular to the line of reflection. Next, measure 
the distance from each vertex to the line of 
reflection. 
Locate each vertex the same perpendicular distance 
from the opposite side of the line. Connect each of 
the vertices to form the reflected image. 

 

ANSWER:  
Draw a line through each vertex of the image that is 
perpendicular to the line of reflection. Next, measure 
the distance from each vertex to the line of 
reflection. 
Locate each vertex the same perpendicular distance 
from the opposite side of the line. Connect each of 
the vertices to form the reflected image. 

47. CHALLENGE A point in the second quadrant with
coordinates (–a, b) is reflected in the x-axis. If the 
reflected point is then reflected in the line y  = –x, 
what are the final coordinates of the image? 

SOLUTION:  
The reflection of the point (–a, b) about the x-axis 
will be (–a, –b).  

 
If you reflect the point (–a, –b) about the line y  = –x,
then the coordinates of the point will be (b, a). 

 

ANSWER:  
(b,a) 

48. OPEN-ENDED Draw a polygon on the coordinate 
plane that when reflected in the x-axis looks exactly 
like the original figure. 

SOLUTION:  
Reflect over the x-axis. Multiply the y -coordinate of
each vertex by –1.  
(x, y ) → (x, –y ) 
A(–1, 3) → A'(–1, –3) 
B(1, 3) → B'(1, –3) 
C(1, 1) →C'(1, –1) 
D(–1, 1) →D'(–1, –1) 
  
Plot the points. Then connect the vertices, A ', B', 
C',and D' to form the reflected image. 

 

ANSWER:  
Sample answer: 

 

49. CHALLENGE When A(4, 3) is reflected in a line, 

its image is (−1, 0). Find the equation of the line of
reflection. Explain your reasoning. 

SOLUTION:  

The slope of the line connecting the two points is  . 

The Midpoint Formula can be used to find the 

midpoint between the two points, which is . 

Using the point-slope form, the equation of the line is 

y = + 4. (The slope of the bisector is 

 because it is the negative reciprocal of the slope 

 .)
 

 

ANSWER:  

The slope of the line connecting the two points is  . 

The Midpoint Formula can be used to find the 

midpoint between the two points, which is . 

Using the point-slope form, the equation of the line is 

y = + 4. (The slope of the bisector is 

 because it is the negative reciprocal of the slope 

 .)
 

50. PRECISION The image of a point reflected in a 
line is always, sometimes, or never located on the 
other side of the line of reflection. 

SOLUTION:  
Sometimes; if the point in located on the line of 
reflection, then the point will remain in its same 
location. 

 

ANSWER:  
Sometimes; if the point in located on the line of 
reflection, then the point will remain in its same 
location. 

51. WRITING IN MATH Suppose points P, Q, and R 
are collinear, with point Q between points P and R. 
Describe a plan for a proof that the reflection of 
points P, Q, and R in a line preserves collinearity and 
betweenness of points. 

SOLUTION:  
It is given that P, Q, and R are collinear and that Q is
between P and R. These points are reflected in a 
line. We are to show that the image preserves 
collinearity and betweenness of points by showing 
that P', Q', and R' are collinear and that Q' is 
between P' and R'. 
First, construct P, Q, and R collinear with Q between
P  and R. Draw line L, then construct perpendicular 
lines from P, Q, and R to line L.  
  

 
To show that the points are collinear, find and 

compare the slopes of  and  and  and 

. Next, show the betweenness of points. By 
definition, if P'Q' + Q'R' = P'R' then Q' is between P'
and R'.Find and compare the lengths of each 
segment. 

ANSWER:  
Construct P, Q, and R collinear with Q between P 
and R. Draw line L, then construct perpendicular 
lines from P, Q, and R to line L. Show equidistance 
or similarity of slope. 

52. Quadrilateral ABCD has vertices A(1, 2), B(3, 6), C
(7, 6), and D(7, 0). What are the coordinates of C 

under the reflection ? 
  
A  
B  
C  
D  
  

SOLUTION:  
To find the coordinates of C under the reflection 

, find the opposite of the x-
coordinate and keep the y-coordinate the same. 
  

, so the correct answer is 
choice A. 
  

ANSWER:  
A 

53. Amira drew ΔJKL as shown. Then she accurately 
drew the image of ΔJKL under the reflection (x, y) 

→ (y, x) and labeled the image . 

                        

Which of the following statements about  
must be true? 

A  lies entirely in Quadrant I. 

B  lies entirely in Quadrant II. 

C  lies entirely in Quadrant III. 

D  coincides with Δ JKL. 

SOLUTION:  

Determine the coordinates of   by applying 
the rule (x, y) → (y, x) for each vertex of ΔJKL.  

 
Then, graph the coordinates of ΔJ'K'L'. 

         
The correct choice is B, as the entire triangle lies 
within Quadrant II and it does not coincide with 
ΔJKL or the x-axis.  

ANSWER:  
B 

54. Jennifer draws a line and a point P not on the line. 
Then she accurately draws the reflection image of 
point P, which she labels P'. She finds that the 
distance from point P to the line of reflection is 4 

centimeters. What is the length of ? 
  
A 2 cm 
B 4 cm 
C 8 cm 
D 16 cm 

SOLUTION:  
Jennifer draws a line and a point P not on the line. 
Then she accurately draws the reflection image of 
point P, which she labels P'. She finds that the 
distance from point P to the line of reflection is 4 

centimeters. The length of  is twice the distance 
from point P to the line of reflection, because the 
distance from point P' to the line of reflection should 
be the same as from point P to the line of reflection.  
  
2(4 cm) = 8 cm, the correct answer is choice C.   
  

ANSWER:  
C 

55. What is the x-coordinate of the image of the point 

 after a reflection in the line y  = x? 
  
x-coordinate = ___________ 

SOLUTION:  
A reflection in the line y  = x switches the coordinates
of a point, so the x-coordinate after the reflection is 
the same as the y-coordinate before the reflection, 
which is . 

ANSWER:  
 

56. Jamal draws a rectangle with vertices 

  and    and 

then its reflection at   and 

 Describe the transformation using 
coordinate notation. 

SOLUTION:  
A transformation that sends  

   and    to 

   and  keeps the y-
coordinate as is and changes the sign on the x-
coordinate. That is a reflection in the y-axis or a 

transformation of .  
  
  

ANSWER:  

; reflection in the y-axis 

57. The vertices of triangle DEF are D(3, 3), E(2, 0) and
F(6, 1). Afer a reflection in the line y  = x, which of 
the following points lies in the interior of triangle 
D'E'F'?  
A    
B    
C    
D    

SOLUTION:  
First find the vertices of D'E'F'. 
  
A reflection through the line y  = x sends (x, y) to (y, 
x), so the coordinates of the image are D'(3, 3), E'(0, 
2), and F'(1, 6). 
  
Graph the new triangle and test each point, or note 
that only answer choice B is in the same quadrant as 
the image. The correct choice is B.  

ANSWER:  
B 

58. Kyle performs a reflection and finds that every point 
on the x-axis is mapped to itself. Which of the 
following could be Kyle’s reflection? 
A  
B  
C  
D  

SOLUTION:  
For every point in the x-axis to be mapped onto itself,
the image of the x-coordinate must remain the same. 
The correct choice is A, as it is the only one where 
the x-coordinate doesn't change from the preimage to
the image.  

ANSWER:  
A 

59. MULTI-STEP Carlos is using a coordinate plane to 
design a mural. He starts by drawing triangle QRS as
shown. 
  

 
a. Carlos decides to reflect the triangle in the x-axis. 
In which quadrant does the reflection image lie.  
b. Carlos also reflects the triangle so that the image 

of point S is . Write a coordinate rule for 
the reflection Carlos used.  
c. Describe a reflection Carlos can use if he wants 
the image of triangle QRS to intersect the x-axis.  

SOLUTION:  
a. A reflection of a triangle in Quadrant III like this 
one will send all of the points to Quadrant II, because
it makes all of the y-coordinates positive, and does 
not change the x-coordinates. 
b. Since point S is at  the transformation 

that sends it to  is .  
c. Any line that moves the triangle up at least 1 unit 
and no more than 4 units will make the image 
intersect the x-axis. one such line is . 

ANSWER:  
a. Quadrant II 
b.  
c. Sample answer: reflection in the line . 
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ANSWER:  

 

43. x-axis 

 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
To reflect  over the x-axis, multiply     by –
1. The reflected equation is then  . 

 

ANSWER:  

 

44. MULTIPLE REPRESENTATIONS In this 
problem, you will investigate a reflection in the origin.
a. Geometric Draw in the coordinate plane 
so that each vertex is a whole-number ordered pair. 
b. Graphical Locate each reflected point and 

 so that the reflected point, the original point, and 
the origin are collinear, and both the original point and
the reflected point are equidistant from the origin. 
c. Tabular Copy and complete the table below. 

 
d. Verbal Make a conjecture about the relationship 
between corresponding vertices of a figure reflected 
in the origin. 

SOLUTION:  
a. The vertices of  are A(2, 4), B (4, 5), and C
(3,1). 

 
  
b. We need to find points such that the reflected 
point, the original point, and the origin are collinear, 
and both the original point and the reflected point are 
equidistant from the origin.  
  
To reflect ABC about the origin, multiply both the 
x- and y-coordinates by –1.  
  
(x, y ) → (–x, –y ) 
A(2, 4)→ A'(–2, –4) 
B(4, 5)→ B'(–4, –5) 
C (3, 1) →C' (–3, –1) 
  
Plot the points. Then connect the vertices, A ', B', 
and C' to form the reflected image. 

 
  
c. 

 
  
d. Sample answer: The coordinates of the reflective 
image are the additive inverses of the coordinates of 
the original image. 

ANSWER:  
a. 

 
b. 

 
c. 

 
d. 
Sample answer: The coordinates of the reflective 
image are the additive inverses of the coordinates of 
the original image. 

45. ERROR ANALYSIS Jamil and Ashley are finding 
the coordinates of the image of (2, 3) after a 
reflection in the x-axis. Is either of them correct? 
Explain. 

 

SOLUTION:  
Jamil is correct. When you reflect a point across the 
x-axis, the reflected point is in the same place 
horizontally, but not vertically. When (2, 3) is 
reflected across the x-axis, the coordinates of the 
reflected point are (2, –3) since it is in the same 
location horizontally, but the other side of the x-axis 
vertically. 

 

ANSWER:  
Jamil; sample answer: When you reflect a point 
across the x-axis, the reflected point is in the same 
place horizontally, but not vertically. When (2, 3) is 
reflected across the x-axis, the coordinates of the 
reflected point are (2, –3) since it is in the same 
location horizontally, but the other side of the x-axis 
vertically. 

46. WRITING IN MATH Describe how to reflect a 
figure not on the coordinate plane across a line. 

SOLUTION:  
Draw a line through each vertex of the image that is 
perpendicular to the line of reflection. Next, measure 
the distance from each vertex to the line of 
reflection. 
Locate each vertex the same perpendicular distance 
from the opposite side of the line. Connect each of 
the vertices to form the reflected image. 

 

ANSWER:  
Draw a line through each vertex of the image that is 
perpendicular to the line of reflection. Next, measure 
the distance from each vertex to the line of 
reflection. 
Locate each vertex the same perpendicular distance 
from the opposite side of the line. Connect each of 
the vertices to form the reflected image. 

47. CHALLENGE A point in the second quadrant with
coordinates (–a, b) is reflected in the x-axis. If the 
reflected point is then reflected in the line y  = –x, 
what are the final coordinates of the image? 

SOLUTION:  
The reflection of the point (–a, b) about the x-axis 
will be (–a, –b).  

 
If you reflect the point (–a, –b) about the line y  = –x,
then the coordinates of the point will be (b, a). 

 

ANSWER:  
(b,a) 

48. OPEN-ENDED Draw a polygon on the coordinate 
plane that when reflected in the x-axis looks exactly 
like the original figure. 

SOLUTION:  
Reflect over the x-axis. Multiply the y -coordinate of
each vertex by –1.  
(x, y ) → (x, –y ) 
A(–1, 3) → A'(–1, –3) 
B(1, 3) → B'(1, –3) 
C(1, 1) →C'(1, –1) 
D(–1, 1) →D'(–1, –1) 
  
Plot the points. Then connect the vertices, A ', B', 
C',and D' to form the reflected image. 

 

ANSWER:  
Sample answer: 

 

49. CHALLENGE When A(4, 3) is reflected in a line, 

its image is (−1, 0). Find the equation of the line of
reflection. Explain your reasoning. 

SOLUTION:  

The slope of the line connecting the two points is  . 

The Midpoint Formula can be used to find the 

midpoint between the two points, which is . 

Using the point-slope form, the equation of the line is 

y = + 4. (The slope of the bisector is 

 because it is the negative reciprocal of the slope 

 .)
 

 

ANSWER:  

The slope of the line connecting the two points is  . 

The Midpoint Formula can be used to find the 

midpoint between the two points, which is . 

Using the point-slope form, the equation of the line is 

y = + 4. (The slope of the bisector is 

 because it is the negative reciprocal of the slope 

 .)
 

50. PRECISION The image of a point reflected in a 
line is always, sometimes, or never located on the 
other side of the line of reflection. 

SOLUTION:  
Sometimes; if the point in located on the line of 
reflection, then the point will remain in its same 
location. 

 

ANSWER:  
Sometimes; if the point in located on the line of 
reflection, then the point will remain in its same 
location. 

51. WRITING IN MATH Suppose points P, Q, and R 
are collinear, with point Q between points P and R. 
Describe a plan for a proof that the reflection of 
points P, Q, and R in a line preserves collinearity and 
betweenness of points. 

SOLUTION:  
It is given that P, Q, and R are collinear and that Q is
between P and R. These points are reflected in a 
line. We are to show that the image preserves 
collinearity and betweenness of points by showing 
that P', Q', and R' are collinear and that Q' is 
between P' and R'. 
First, construct P, Q, and R collinear with Q between
P  and R. Draw line L, then construct perpendicular 
lines from P, Q, and R to line L.  
  

 
To show that the points are collinear, find and 

compare the slopes of  and  and  and 

. Next, show the betweenness of points. By 
definition, if P'Q' + Q'R' = P'R' then Q' is between P'
and R'.Find and compare the lengths of each 
segment. 

ANSWER:  
Construct P, Q, and R collinear with Q between P 
and R. Draw line L, then construct perpendicular 
lines from P, Q, and R to line L. Show equidistance 
or similarity of slope. 

52. Quadrilateral ABCD has vertices A(1, 2), B(3, 6), C
(7, 6), and D(7, 0). What are the coordinates of C 

under the reflection ? 
  
A  
B  
C  
D  
  

SOLUTION:  
To find the coordinates of C under the reflection 

, find the opposite of the x-
coordinate and keep the y-coordinate the same. 
  

, so the correct answer is 
choice A. 
  

ANSWER:  
A 

53. Amira drew ΔJKL as shown. Then she accurately 
drew the image of ΔJKL under the reflection (x, y) 

→ (y, x) and labeled the image . 

                        

Which of the following statements about  
must be true? 

A  lies entirely in Quadrant I. 

B  lies entirely in Quadrant II. 

C  lies entirely in Quadrant III. 

D  coincides with Δ JKL. 

SOLUTION:  

Determine the coordinates of   by applying 
the rule (x, y) → (y, x) for each vertex of ΔJKL.  

 
Then, graph the coordinates of ΔJ'K'L'. 

         
The correct choice is B, as the entire triangle lies 
within Quadrant II and it does not coincide with 
ΔJKL or the x-axis.  

ANSWER:  
B 

54. Jennifer draws a line and a point P not on the line. 
Then she accurately draws the reflection image of 
point P, which she labels P'. She finds that the 
distance from point P to the line of reflection is 4 

centimeters. What is the length of ? 
  
A 2 cm 
B 4 cm 
C 8 cm 
D 16 cm 

SOLUTION:  
Jennifer draws a line and a point P not on the line. 
Then she accurately draws the reflection image of 
point P, which she labels P'. She finds that the 
distance from point P to the line of reflection is 4 

centimeters. The length of  is twice the distance 
from point P to the line of reflection, because the 
distance from point P' to the line of reflection should 
be the same as from point P to the line of reflection.  
  
2(4 cm) = 8 cm, the correct answer is choice C.   
  

ANSWER:  
C 

55. What is the x-coordinate of the image of the point 

 after a reflection in the line y  = x? 
  
x-coordinate = ___________ 

SOLUTION:  
A reflection in the line y  = x switches the coordinates
of a point, so the x-coordinate after the reflection is 
the same as the y-coordinate before the reflection, 
which is . 

ANSWER:  
 

56. Jamal draws a rectangle with vertices 

  and    and 

then its reflection at   and 

 Describe the transformation using 
coordinate notation. 

SOLUTION:  
A transformation that sends  

   and    to 

   and  keeps the y-
coordinate as is and changes the sign on the x-
coordinate. That is a reflection in the y-axis or a 

transformation of .  
  
  

ANSWER:  

; reflection in the y-axis 

57. The vertices of triangle DEF are D(3, 3), E(2, 0) and
F(6, 1). Afer a reflection in the line y  = x, which of 
the following points lies in the interior of triangle 
D'E'F'?  
A    
B    
C    
D    

SOLUTION:  
First find the vertices of D'E'F'. 
  
A reflection through the line y  = x sends (x, y) to (y, 
x), so the coordinates of the image are D'(3, 3), E'(0, 
2), and F'(1, 6). 
  
Graph the new triangle and test each point, or note 
that only answer choice B is in the same quadrant as 
the image. The correct choice is B.  

ANSWER:  
B 

58. Kyle performs a reflection and finds that every point 
on the x-axis is mapped to itself. Which of the 
following could be Kyle’s reflection? 
A  
B  
C  
D  

SOLUTION:  
For every point in the x-axis to be mapped onto itself,
the image of the x-coordinate must remain the same. 
The correct choice is A, as it is the only one where 
the x-coordinate doesn't change from the preimage to
the image.  

ANSWER:  
A 

59. MULTI-STEP Carlos is using a coordinate plane to 
design a mural. He starts by drawing triangle QRS as
shown. 
  

 
a. Carlos decides to reflect the triangle in the x-axis. 
In which quadrant does the reflection image lie.  
b. Carlos also reflects the triangle so that the image 

of point S is . Write a coordinate rule for 
the reflection Carlos used.  
c. Describe a reflection Carlos can use if he wants 
the image of triangle QRS to intersect the x-axis.  

SOLUTION:  
a. A reflection of a triangle in Quadrant III like this 
one will send all of the points to Quadrant II, because
it makes all of the y-coordinates positive, and does 
not change the x-coordinates. 
b. Since point S is at  the transformation 

that sends it to  is .  
c. Any line that moves the triangle up at least 1 unit 
and no more than 4 units will make the image 
intersect the x-axis. one such line is . 

ANSWER:  
a. Quadrant II 
b.  
c. Sample answer: reflection in the line . 

 

ANSWER:  

 

43. x-axis 

 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
To reflect  over the x-axis, multiply     by –
1. The reflected equation is then  . 

 

ANSWER:  

 

44. MULTIPLE REPRESENTATIONS In this 
problem, you will investigate a reflection in the origin.
a. Geometric Draw in the coordinate plane 
so that each vertex is a whole-number ordered pair. 
b. Graphical Locate each reflected point and 

 so that the reflected point, the original point, and 
the origin are collinear, and both the original point and
the reflected point are equidistant from the origin. 
c. Tabular Copy and complete the table below. 

 
d. Verbal Make a conjecture about the relationship 
between corresponding vertices of a figure reflected 
in the origin. 

SOLUTION:  
a. The vertices of  are A(2, 4), B (4, 5), and C
(3,1). 

 
  
b. We need to find points such that the reflected 
point, the original point, and the origin are collinear, 
and both the original point and the reflected point are 
equidistant from the origin.  
  
To reflect ABC about the origin, multiply both the 
x- and y-coordinates by –1.  
  
(x, y ) → (–x, –y ) 
A(2, 4)→ A'(–2, –4) 
B(4, 5)→ B'(–4, –5) 
C (3, 1) →C' (–3, –1) 
  
Plot the points. Then connect the vertices, A ', B', 
and C' to form the reflected image. 

 
  
c. 

 
  
d. Sample answer: The coordinates of the reflective 
image are the additive inverses of the coordinates of 
the original image. 

ANSWER:  
a. 

 
b. 

 
c. 

 
d. 
Sample answer: The coordinates of the reflective 
image are the additive inverses of the coordinates of 
the original image. 

45. ERROR ANALYSIS Jamil and Ashley are finding 
the coordinates of the image of (2, 3) after a 
reflection in the x-axis. Is either of them correct? 
Explain. 

 

SOLUTION:  
Jamil is correct. When you reflect a point across the 
x-axis, the reflected point is in the same place 
horizontally, but not vertically. When (2, 3) is 
reflected across the x-axis, the coordinates of the 
reflected point are (2, –3) since it is in the same 
location horizontally, but the other side of the x-axis 
vertically. 

 

ANSWER:  
Jamil; sample answer: When you reflect a point 
across the x-axis, the reflected point is in the same 
place horizontally, but not vertically. When (2, 3) is 
reflected across the x-axis, the coordinates of the 
reflected point are (2, –3) since it is in the same 
location horizontally, but the other side of the x-axis 
vertically. 

46. WRITING IN MATH Describe how to reflect a 
figure not on the coordinate plane across a line. 

SOLUTION:  
Draw a line through each vertex of the image that is 
perpendicular to the line of reflection. Next, measure 
the distance from each vertex to the line of 
reflection. 
Locate each vertex the same perpendicular distance 
from the opposite side of the line. Connect each of 
the vertices to form the reflected image. 

 

ANSWER:  
Draw a line through each vertex of the image that is 
perpendicular to the line of reflection. Next, measure 
the distance from each vertex to the line of 
reflection. 
Locate each vertex the same perpendicular distance 
from the opposite side of the line. Connect each of 
the vertices to form the reflected image. 

47. CHALLENGE A point in the second quadrant with
coordinates (–a, b) is reflected in the x-axis. If the 
reflected point is then reflected in the line y  = –x, 
what are the final coordinates of the image? 

SOLUTION:  
The reflection of the point (–a, b) about the x-axis 
will be (–a, –b).  

 
If you reflect the point (–a, –b) about the line y  = –x,
then the coordinates of the point will be (b, a). 

 

ANSWER:  
(b,a) 

48. OPEN-ENDED Draw a polygon on the coordinate 
plane that when reflected in the x-axis looks exactly 
like the original figure. 

SOLUTION:  
Reflect over the x-axis. Multiply the y -coordinate of
each vertex by –1.  
(x, y ) → (x, –y ) 
A(–1, 3) → A'(–1, –3) 
B(1, 3) → B'(1, –3) 
C(1, 1) →C'(1, –1) 
D(–1, 1) →D'(–1, –1) 
  
Plot the points. Then connect the vertices, A ', B', 
C',and D' to form the reflected image. 

 

ANSWER:  
Sample answer: 

 

49. CHALLENGE When A(4, 3) is reflected in a line, 

its image is (−1, 0). Find the equation of the line of
reflection. Explain your reasoning. 

SOLUTION:  

The slope of the line connecting the two points is  . 

The Midpoint Formula can be used to find the 

midpoint between the two points, which is . 

Using the point-slope form, the equation of the line is 

y = + 4. (The slope of the bisector is 

 because it is the negative reciprocal of the slope 

 .)
 

 

ANSWER:  

The slope of the line connecting the two points is  . 

The Midpoint Formula can be used to find the 

midpoint between the two points, which is . 

Using the point-slope form, the equation of the line is 

y = + 4. (The slope of the bisector is 

 because it is the negative reciprocal of the slope 

 .)
 

50. PRECISION The image of a point reflected in a 
line is always, sometimes, or never located on the 
other side of the line of reflection. 

SOLUTION:  
Sometimes; if the point in located on the line of 
reflection, then the point will remain in its same 
location. 

 

ANSWER:  
Sometimes; if the point in located on the line of 
reflection, then the point will remain in its same 
location. 

51. WRITING IN MATH Suppose points P, Q, and R 
are collinear, with point Q between points P and R. 
Describe a plan for a proof that the reflection of 
points P, Q, and R in a line preserves collinearity and 
betweenness of points. 

SOLUTION:  
It is given that P, Q, and R are collinear and that Q is
between P and R. These points are reflected in a 
line. We are to show that the image preserves 
collinearity and betweenness of points by showing 
that P', Q', and R' are collinear and that Q' is 
between P' and R'. 
First, construct P, Q, and R collinear with Q between
P  and R. Draw line L, then construct perpendicular 
lines from P, Q, and R to line L.  
  

 
To show that the points are collinear, find and 

compare the slopes of  and  and  and 

. Next, show the betweenness of points. By 
definition, if P'Q' + Q'R' = P'R' then Q' is between P'
and R'.Find and compare the lengths of each 
segment. 

ANSWER:  
Construct P, Q, and R collinear with Q between P 
and R. Draw line L, then construct perpendicular 
lines from P, Q, and R to line L. Show equidistance 
or similarity of slope. 

52. Quadrilateral ABCD has vertices A(1, 2), B(3, 6), C
(7, 6), and D(7, 0). What are the coordinates of C 

under the reflection ? 
  
A  
B  
C  
D  
  

SOLUTION:  
To find the coordinates of C under the reflection 

, find the opposite of the x-
coordinate and keep the y-coordinate the same. 
  

, so the correct answer is 
choice A. 
  

ANSWER:  
A 

53. Amira drew ΔJKL as shown. Then she accurately 
drew the image of ΔJKL under the reflection (x, y) 

→ (y, x) and labeled the image . 

                        

Which of the following statements about  
must be true? 

A  lies entirely in Quadrant I. 

B  lies entirely in Quadrant II. 

C  lies entirely in Quadrant III. 

D  coincides with Δ JKL. 

SOLUTION:  

Determine the coordinates of   by applying 
the rule (x, y) → (y, x) for each vertex of ΔJKL.  

 
Then, graph the coordinates of ΔJ'K'L'. 

         
The correct choice is B, as the entire triangle lies 
within Quadrant II and it does not coincide with 
ΔJKL or the x-axis.  

ANSWER:  
B 

54. Jennifer draws a line and a point P not on the line. 
Then she accurately draws the reflection image of 
point P, which she labels P'. She finds that the 
distance from point P to the line of reflection is 4 

centimeters. What is the length of ? 
  
A 2 cm 
B 4 cm 
C 8 cm 
D 16 cm 

SOLUTION:  
Jennifer draws a line and a point P not on the line. 
Then she accurately draws the reflection image of 
point P, which she labels P'. She finds that the 
distance from point P to the line of reflection is 4 

centimeters. The length of  is twice the distance 
from point P to the line of reflection, because the 
distance from point P' to the line of reflection should 
be the same as from point P to the line of reflection.  
  
2(4 cm) = 8 cm, the correct answer is choice C.   
  

ANSWER:  
C 

55. What is the x-coordinate of the image of the point 

 after a reflection in the line y  = x? 
  
x-coordinate = ___________ 

SOLUTION:  
A reflection in the line y  = x switches the coordinates
of a point, so the x-coordinate after the reflection is 
the same as the y-coordinate before the reflection, 
which is . 

ANSWER:  
 

56. Jamal draws a rectangle with vertices 

  and    and 

then its reflection at   and 

 Describe the transformation using 
coordinate notation. 

SOLUTION:  
A transformation that sends  

   and    to 

   and  keeps the y-
coordinate as is and changes the sign on the x-
coordinate. That is a reflection in the y-axis or a 

transformation of .  
  
  

ANSWER:  

; reflection in the y-axis 

57. The vertices of triangle DEF are D(3, 3), E(2, 0) and
F(6, 1). Afer a reflection in the line y  = x, which of 
the following points lies in the interior of triangle 
D'E'F'?  
A    
B    
C    
D    

SOLUTION:  
First find the vertices of D'E'F'. 
  
A reflection through the line y  = x sends (x, y) to (y, 
x), so the coordinates of the image are D'(3, 3), E'(0, 
2), and F'(1, 6). 
  
Graph the new triangle and test each point, or note 
that only answer choice B is in the same quadrant as 
the image. The correct choice is B.  

ANSWER:  
B 

58. Kyle performs a reflection and finds that every point 
on the x-axis is mapped to itself. Which of the 
following could be Kyle’s reflection? 
A  
B  
C  
D  

SOLUTION:  
For every point in the x-axis to be mapped onto itself,
the image of the x-coordinate must remain the same. 
The correct choice is A, as it is the only one where 
the x-coordinate doesn't change from the preimage to
the image.  

ANSWER:  
A 

59. MULTI-STEP Carlos is using a coordinate plane to 
design a mural. He starts by drawing triangle QRS as
shown. 
  

 
a. Carlos decides to reflect the triangle in the x-axis. 
In which quadrant does the reflection image lie.  
b. Carlos also reflects the triangle so that the image 

of point S is . Write a coordinate rule for 
the reflection Carlos used.  
c. Describe a reflection Carlos can use if he wants 
the image of triangle QRS to intersect the x-axis.  

SOLUTION:  
a. A reflection of a triangle in Quadrant III like this 
one will send all of the points to Quadrant II, because
it makes all of the y-coordinates positive, and does 
not change the x-coordinates. 
b. Since point S is at  the transformation 

that sends it to  is .  
c. Any line that moves the triangle up at least 1 unit 
and no more than 4 units will make the image 
intersect the x-axis. one such line is . 

ANSWER:  
a. Quadrant II 
b.  
c. Sample answer: reflection in the line . 
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ANSWER:  

 

43. x-axis 

 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
To reflect  over the x-axis, multiply     by –
1. The reflected equation is then  . 

 

ANSWER:  

 

44. MULTIPLE REPRESENTATIONS In this 
problem, you will investigate a reflection in the origin.
a. Geometric Draw in the coordinate plane 
so that each vertex is a whole-number ordered pair. 
b. Graphical Locate each reflected point and 

 so that the reflected point, the original point, and 
the origin are collinear, and both the original point and
the reflected point are equidistant from the origin. 
c. Tabular Copy and complete the table below. 

 
d. Verbal Make a conjecture about the relationship 
between corresponding vertices of a figure reflected 
in the origin. 

SOLUTION:  
a. The vertices of  are A(2, 4), B (4, 5), and C
(3,1). 

 
  
b. We need to find points such that the reflected 
point, the original point, and the origin are collinear, 
and both the original point and the reflected point are 
equidistant from the origin.  
  
To reflect ABC about the origin, multiply both the 
x- and y-coordinates by –1.  
  
(x, y ) → (–x, –y ) 
A(2, 4)→ A'(–2, –4) 
B(4, 5)→ B'(–4, –5) 
C (3, 1) →C' (–3, –1) 
  
Plot the points. Then connect the vertices, A ', B', 
and C' to form the reflected image. 

 
  
c. 

 
  
d. Sample answer: The coordinates of the reflective 
image are the additive inverses of the coordinates of 
the original image. 

ANSWER:  
a. 

 
b. 

 
c. 

 
d. 
Sample answer: The coordinates of the reflective 
image are the additive inverses of the coordinates of 
the original image. 

45. ERROR ANALYSIS Jamil and Ashley are finding 
the coordinates of the image of (2, 3) after a 
reflection in the x-axis. Is either of them correct? 
Explain. 

 

SOLUTION:  
Jamil is correct. When you reflect a point across the 
x-axis, the reflected point is in the same place 
horizontally, but not vertically. When (2, 3) is 
reflected across the x-axis, the coordinates of the 
reflected point are (2, –3) since it is in the same 
location horizontally, but the other side of the x-axis 
vertically. 

 

ANSWER:  
Jamil; sample answer: When you reflect a point 
across the x-axis, the reflected point is in the same 
place horizontally, but not vertically. When (2, 3) is 
reflected across the x-axis, the coordinates of the 
reflected point are (2, –3) since it is in the same 
location horizontally, but the other side of the x-axis 
vertically. 

46. WRITING IN MATH Describe how to reflect a 
figure not on the coordinate plane across a line. 

SOLUTION:  
Draw a line through each vertex of the image that is 
perpendicular to the line of reflection. Next, measure 
the distance from each vertex to the line of 
reflection. 
Locate each vertex the same perpendicular distance 
from the opposite side of the line. Connect each of 
the vertices to form the reflected image. 

 

ANSWER:  
Draw a line through each vertex of the image that is 
perpendicular to the line of reflection. Next, measure 
the distance from each vertex to the line of 
reflection. 
Locate each vertex the same perpendicular distance 
from the opposite side of the line. Connect each of 
the vertices to form the reflected image. 

47. CHALLENGE A point in the second quadrant with
coordinates (–a, b) is reflected in the x-axis. If the 
reflected point is then reflected in the line y  = –x, 
what are the final coordinates of the image? 

SOLUTION:  
The reflection of the point (–a, b) about the x-axis 
will be (–a, –b).  

 
If you reflect the point (–a, –b) about the line y  = –x,
then the coordinates of the point will be (b, a). 

 

ANSWER:  
(b,a) 

48. OPEN-ENDED Draw a polygon on the coordinate 
plane that when reflected in the x-axis looks exactly 
like the original figure. 

SOLUTION:  
Reflect over the x-axis. Multiply the y -coordinate of
each vertex by –1.  
(x, y ) → (x, –y ) 
A(–1, 3) → A'(–1, –3) 
B(1, 3) → B'(1, –3) 
C(1, 1) →C'(1, –1) 
D(–1, 1) →D'(–1, –1) 
  
Plot the points. Then connect the vertices, A ', B', 
C',and D' to form the reflected image. 

 

ANSWER:  
Sample answer: 

 

49. CHALLENGE When A(4, 3) is reflected in a line, 

its image is (−1, 0). Find the equation of the line of
reflection. Explain your reasoning. 

SOLUTION:  

The slope of the line connecting the two points is  . 

The Midpoint Formula can be used to find the 

midpoint between the two points, which is . 

Using the point-slope form, the equation of the line is 

y = + 4. (The slope of the bisector is 

 because it is the negative reciprocal of the slope 

 .)
 

 

ANSWER:  

The slope of the line connecting the two points is  . 

The Midpoint Formula can be used to find the 

midpoint between the two points, which is . 

Using the point-slope form, the equation of the line is 

y = + 4. (The slope of the bisector is 

 because it is the negative reciprocal of the slope 

 .)
 

50. PRECISION The image of a point reflected in a 
line is always, sometimes, or never located on the 
other side of the line of reflection. 

SOLUTION:  
Sometimes; if the point in located on the line of 
reflection, then the point will remain in its same 
location. 

 

ANSWER:  
Sometimes; if the point in located on the line of 
reflection, then the point will remain in its same 
location. 

51. WRITING IN MATH Suppose points P, Q, and R 
are collinear, with point Q between points P and R. 
Describe a plan for a proof that the reflection of 
points P, Q, and R in a line preserves collinearity and 
betweenness of points. 

SOLUTION:  
It is given that P, Q, and R are collinear and that Q is
between P and R. These points are reflected in a 
line. We are to show that the image preserves 
collinearity and betweenness of points by showing 
that P', Q', and R' are collinear and that Q' is 
between P' and R'. 
First, construct P, Q, and R collinear with Q between
P  and R. Draw line L, then construct perpendicular 
lines from P, Q, and R to line L.  
  

 
To show that the points are collinear, find and 

compare the slopes of  and  and  and 

. Next, show the betweenness of points. By 
definition, if P'Q' + Q'R' = P'R' then Q' is between P'
and R'.Find and compare the lengths of each 
segment. 

ANSWER:  
Construct P, Q, and R collinear with Q between P 
and R. Draw line L, then construct perpendicular 
lines from P, Q, and R to line L. Show equidistance 
or similarity of slope. 

52. Quadrilateral ABCD has vertices A(1, 2), B(3, 6), C
(7, 6), and D(7, 0). What are the coordinates of C 

under the reflection ? 
  
A  
B  
C  
D  
  

SOLUTION:  
To find the coordinates of C under the reflection 

, find the opposite of the x-
coordinate and keep the y-coordinate the same. 
  

, so the correct answer is 
choice A. 
  

ANSWER:  
A 

53. Amira drew ΔJKL as shown. Then she accurately 
drew the image of ΔJKL under the reflection (x, y) 

→ (y, x) and labeled the image . 

                        

Which of the following statements about  
must be true? 

A  lies entirely in Quadrant I. 

B  lies entirely in Quadrant II. 

C  lies entirely in Quadrant III. 

D  coincides with Δ JKL. 

SOLUTION:  

Determine the coordinates of   by applying 
the rule (x, y) → (y, x) for each vertex of ΔJKL.  

 
Then, graph the coordinates of ΔJ'K'L'. 

         
The correct choice is B, as the entire triangle lies 
within Quadrant II and it does not coincide with 
ΔJKL or the x-axis.  

ANSWER:  
B 

54. Jennifer draws a line and a point P not on the line. 
Then she accurately draws the reflection image of 
point P, which she labels P'. She finds that the 
distance from point P to the line of reflection is 4 

centimeters. What is the length of ? 
  
A 2 cm 
B 4 cm 
C 8 cm 
D 16 cm 

SOLUTION:  
Jennifer draws a line and a point P not on the line. 
Then she accurately draws the reflection image of 
point P, which she labels P'. She finds that the 
distance from point P to the line of reflection is 4 

centimeters. The length of  is twice the distance 
from point P to the line of reflection, because the 
distance from point P' to the line of reflection should 
be the same as from point P to the line of reflection.  
  
2(4 cm) = 8 cm, the correct answer is choice C.   
  

ANSWER:  
C 

55. What is the x-coordinate of the image of the point 

 after a reflection in the line y  = x? 
  
x-coordinate = ___________ 

SOLUTION:  
A reflection in the line y  = x switches the coordinates
of a point, so the x-coordinate after the reflection is 
the same as the y-coordinate before the reflection, 
which is . 

ANSWER:  
 

56. Jamal draws a rectangle with vertices 

  and    and 

then its reflection at   and 

 Describe the transformation using 
coordinate notation. 

SOLUTION:  
A transformation that sends  

   and    to 

   and  keeps the y-
coordinate as is and changes the sign on the x-
coordinate. That is a reflection in the y-axis or a 

transformation of .  
  
  

ANSWER:  

; reflection in the y-axis 

57. The vertices of triangle DEF are D(3, 3), E(2, 0) and
F(6, 1). Afer a reflection in the line y  = x, which of 
the following points lies in the interior of triangle 
D'E'F'?  
A    
B    
C    
D    

SOLUTION:  
First find the vertices of D'E'F'. 
  
A reflection through the line y  = x sends (x, y) to (y, 
x), so the coordinates of the image are D'(3, 3), E'(0, 
2), and F'(1, 6). 
  
Graph the new triangle and test each point, or note 
that only answer choice B is in the same quadrant as 
the image. The correct choice is B.  

ANSWER:  
B 

58. Kyle performs a reflection and finds that every point 
on the x-axis is mapped to itself. Which of the 
following could be Kyle’s reflection? 
A  
B  
C  
D  

SOLUTION:  
For every point in the x-axis to be mapped onto itself,
the image of the x-coordinate must remain the same. 
The correct choice is A, as it is the only one where 
the x-coordinate doesn't change from the preimage to
the image.  

ANSWER:  
A 

59. MULTI-STEP Carlos is using a coordinate plane to 
design a mural. He starts by drawing triangle QRS as
shown. 
  

 
a. Carlos decides to reflect the triangle in the x-axis. 
In which quadrant does the reflection image lie.  
b. Carlos also reflects the triangle so that the image 

of point S is . Write a coordinate rule for 
the reflection Carlos used.  
c. Describe a reflection Carlos can use if he wants 
the image of triangle QRS to intersect the x-axis.  

SOLUTION:  
a. A reflection of a triangle in Quadrant III like this 
one will send all of the points to Quadrant II, because
it makes all of the y-coordinates positive, and does 
not change the x-coordinates. 
b. Since point S is at  the transformation 

that sends it to  is .  
c. Any line that moves the triangle up at least 1 unit 
and no more than 4 units will make the image 
intersect the x-axis. one such line is . 

ANSWER:  
a. Quadrant II 
b.  
c. Sample answer: reflection in the line . 

 

ANSWER:  

 

43. x-axis 

 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
To reflect  over the x-axis, multiply     by –
1. The reflected equation is then  . 

 

ANSWER:  

 

44. MULTIPLE REPRESENTATIONS In this 
problem, you will investigate a reflection in the origin.
a. Geometric Draw in the coordinate plane 
so that each vertex is a whole-number ordered pair. 
b. Graphical Locate each reflected point and 

 so that the reflected point, the original point, and 
the origin are collinear, and both the original point and
the reflected point are equidistant from the origin. 
c. Tabular Copy and complete the table below. 

 
d. Verbal Make a conjecture about the relationship 
between corresponding vertices of a figure reflected 
in the origin. 

SOLUTION:  
a. The vertices of  are A(2, 4), B (4, 5), and C
(3,1). 

 
  
b. We need to find points such that the reflected 
point, the original point, and the origin are collinear, 
and both the original point and the reflected point are 
equidistant from the origin.  
  
To reflect ABC about the origin, multiply both the 
x- and y-coordinates by –1.  
  
(x, y ) → (–x, –y ) 
A(2, 4)→ A'(–2, –4) 
B(4, 5)→ B'(–4, –5) 
C (3, 1) →C' (–3, –1) 
  
Plot the points. Then connect the vertices, A ', B', 
and C' to form the reflected image. 

 
  
c. 

 
  
d. Sample answer: The coordinates of the reflective 
image are the additive inverses of the coordinates of 
the original image. 

ANSWER:  
a. 

 
b. 

 
c. 

 
d. 
Sample answer: The coordinates of the reflective 
image are the additive inverses of the coordinates of 
the original image. 

45. ERROR ANALYSIS Jamil and Ashley are finding 
the coordinates of the image of (2, 3) after a 
reflection in the x-axis. Is either of them correct? 
Explain. 

 

SOLUTION:  
Jamil is correct. When you reflect a point across the 
x-axis, the reflected point is in the same place 
horizontally, but not vertically. When (2, 3) is 
reflected across the x-axis, the coordinates of the 
reflected point are (2, –3) since it is in the same 
location horizontally, but the other side of the x-axis 
vertically. 

 

ANSWER:  
Jamil; sample answer: When you reflect a point 
across the x-axis, the reflected point is in the same 
place horizontally, but not vertically. When (2, 3) is 
reflected across the x-axis, the coordinates of the 
reflected point are (2, –3) since it is in the same 
location horizontally, but the other side of the x-axis 
vertically. 

46. WRITING IN MATH Describe how to reflect a 
figure not on the coordinate plane across a line. 

SOLUTION:  
Draw a line through each vertex of the image that is 
perpendicular to the line of reflection. Next, measure 
the distance from each vertex to the line of 
reflection. 
Locate each vertex the same perpendicular distance 
from the opposite side of the line. Connect each of 
the vertices to form the reflected image. 

 

ANSWER:  
Draw a line through each vertex of the image that is 
perpendicular to the line of reflection. Next, measure 
the distance from each vertex to the line of 
reflection. 
Locate each vertex the same perpendicular distance 
from the opposite side of the line. Connect each of 
the vertices to form the reflected image. 

47. CHALLENGE A point in the second quadrant with
coordinates (–a, b) is reflected in the x-axis. If the 
reflected point is then reflected in the line y  = –x, 
what are the final coordinates of the image? 

SOLUTION:  
The reflection of the point (–a, b) about the x-axis 
will be (–a, –b).  

 
If you reflect the point (–a, –b) about the line y  = –x,
then the coordinates of the point will be (b, a). 

 

ANSWER:  
(b,a) 

48. OPEN-ENDED Draw a polygon on the coordinate 
plane that when reflected in the x-axis looks exactly 
like the original figure. 

SOLUTION:  
Reflect over the x-axis. Multiply the y -coordinate of
each vertex by –1.  
(x, y ) → (x, –y ) 
A(–1, 3) → A'(–1, –3) 
B(1, 3) → B'(1, –3) 
C(1, 1) →C'(1, –1) 
D(–1, 1) →D'(–1, –1) 
  
Plot the points. Then connect the vertices, A ', B', 
C',and D' to form the reflected image. 

 

ANSWER:  
Sample answer: 

 

49. CHALLENGE When A(4, 3) is reflected in a line, 

its image is (−1, 0). Find the equation of the line of
reflection. Explain your reasoning. 

SOLUTION:  

The slope of the line connecting the two points is  . 

The Midpoint Formula can be used to find the 

midpoint between the two points, which is . 

Using the point-slope form, the equation of the line is 

y = + 4. (The slope of the bisector is 

 because it is the negative reciprocal of the slope 

 .)
 

 

ANSWER:  

The slope of the line connecting the two points is  . 

The Midpoint Formula can be used to find the 

midpoint between the two points, which is . 

Using the point-slope form, the equation of the line is 

y = + 4. (The slope of the bisector is 

 because it is the negative reciprocal of the slope 

 .)
 

50. PRECISION The image of a point reflected in a 
line is always, sometimes, or never located on the 
other side of the line of reflection. 

SOLUTION:  
Sometimes; if the point in located on the line of 
reflection, then the point will remain in its same 
location. 

 

ANSWER:  
Sometimes; if the point in located on the line of 
reflection, then the point will remain in its same 
location. 

51. WRITING IN MATH Suppose points P, Q, and R 
are collinear, with point Q between points P and R. 
Describe a plan for a proof that the reflection of 
points P, Q, and R in a line preserves collinearity and 
betweenness of points. 

SOLUTION:  
It is given that P, Q, and R are collinear and that Q is
between P and R. These points are reflected in a 
line. We are to show that the image preserves 
collinearity and betweenness of points by showing 
that P', Q', and R' are collinear and that Q' is 
between P' and R'. 
First, construct P, Q, and R collinear with Q between
P  and R. Draw line L, then construct perpendicular 
lines from P, Q, and R to line L.  
  

 
To show that the points are collinear, find and 

compare the slopes of  and  and  and 

. Next, show the betweenness of points. By 
definition, if P'Q' + Q'R' = P'R' then Q' is between P'
and R'.Find and compare the lengths of each 
segment. 

ANSWER:  
Construct P, Q, and R collinear with Q between P 
and R. Draw line L, then construct perpendicular 
lines from P, Q, and R to line L. Show equidistance 
or similarity of slope. 

52. Quadrilateral ABCD has vertices A(1, 2), B(3, 6), C
(7, 6), and D(7, 0). What are the coordinates of C 

under the reflection ? 
  
A  
B  
C  
D  
  

SOLUTION:  
To find the coordinates of C under the reflection 

, find the opposite of the x-
coordinate and keep the y-coordinate the same. 
  

, so the correct answer is 
choice A. 
  

ANSWER:  
A 

53. Amira drew ΔJKL as shown. Then she accurately 
drew the image of ΔJKL under the reflection (x, y) 

→ (y, x) and labeled the image . 

                        

Which of the following statements about  
must be true? 

A  lies entirely in Quadrant I. 

B  lies entirely in Quadrant II. 

C  lies entirely in Quadrant III. 

D  coincides with Δ JKL. 

SOLUTION:  

Determine the coordinates of   by applying 
the rule (x, y) → (y, x) for each vertex of ΔJKL.  

 
Then, graph the coordinates of ΔJ'K'L'. 

         
The correct choice is B, as the entire triangle lies 
within Quadrant II and it does not coincide with 
ΔJKL or the x-axis.  

ANSWER:  
B 

54. Jennifer draws a line and a point P not on the line. 
Then she accurately draws the reflection image of 
point P, which she labels P'. She finds that the 
distance from point P to the line of reflection is 4 

centimeters. What is the length of ? 
  
A 2 cm 
B 4 cm 
C 8 cm 
D 16 cm 

SOLUTION:  
Jennifer draws a line and a point P not on the line. 
Then she accurately draws the reflection image of 
point P, which she labels P'. She finds that the 
distance from point P to the line of reflection is 4 

centimeters. The length of  is twice the distance 
from point P to the line of reflection, because the 
distance from point P' to the line of reflection should 
be the same as from point P to the line of reflection.  
  
2(4 cm) = 8 cm, the correct answer is choice C.   
  

ANSWER:  
C 

55. What is the x-coordinate of the image of the point 

 after a reflection in the line y  = x? 
  
x-coordinate = ___________ 

SOLUTION:  
A reflection in the line y  = x switches the coordinates
of a point, so the x-coordinate after the reflection is 
the same as the y-coordinate before the reflection, 
which is . 

ANSWER:  
 

56. Jamal draws a rectangle with vertices 

  and    and 

then its reflection at   and 

 Describe the transformation using 
coordinate notation. 

SOLUTION:  
A transformation that sends  

   and    to 

   and  keeps the y-
coordinate as is and changes the sign on the x-
coordinate. That is a reflection in the y-axis or a 

transformation of .  
  
  

ANSWER:  

; reflection in the y-axis 

57. The vertices of triangle DEF are D(3, 3), E(2, 0) and
F(6, 1). Afer a reflection in the line y  = x, which of 
the following points lies in the interior of triangle 
D'E'F'?  
A    
B    
C    
D    

SOLUTION:  
First find the vertices of D'E'F'. 
  
A reflection through the line y  = x sends (x, y) to (y, 
x), so the coordinates of the image are D'(3, 3), E'(0, 
2), and F'(1, 6). 
  
Graph the new triangle and test each point, or note 
that only answer choice B is in the same quadrant as 
the image. The correct choice is B.  

ANSWER:  
B 

58. Kyle performs a reflection and finds that every point 
on the x-axis is mapped to itself. Which of the 
following could be Kyle’s reflection? 
A  
B  
C  
D  

SOLUTION:  
For every point in the x-axis to be mapped onto itself,
the image of the x-coordinate must remain the same. 
The correct choice is A, as it is the only one where 
the x-coordinate doesn't change from the preimage to
the image.  

ANSWER:  
A 

59. MULTI-STEP Carlos is using a coordinate plane to 
design a mural. He starts by drawing triangle QRS as
shown. 
  

 
a. Carlos decides to reflect the triangle in the x-axis. 
In which quadrant does the reflection image lie.  
b. Carlos also reflects the triangle so that the image 

of point S is . Write a coordinate rule for 
the reflection Carlos used.  
c. Describe a reflection Carlos can use if he wants 
the image of triangle QRS to intersect the x-axis.  

SOLUTION:  
a. A reflection of a triangle in Quadrant III like this 
one will send all of the points to Quadrant II, because
it makes all of the y-coordinates positive, and does 
not change the x-coordinates. 
b. Since point S is at  the transformation 

that sends it to  is .  
c. Any line that moves the triangle up at least 1 unit 
and no more than 4 units will make the image 
intersect the x-axis. one such line is . 

ANSWER:  
a. Quadrant II 
b.  
c. Sample answer: reflection in the line . 
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ANSWER:  

 

43. x-axis 

 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
To reflect  over the x-axis, multiply     by –
1. The reflected equation is then  . 

 

ANSWER:  

 

44. MULTIPLE REPRESENTATIONS In this 
problem, you will investigate a reflection in the origin.
a. Geometric Draw in the coordinate plane 
so that each vertex is a whole-number ordered pair. 
b. Graphical Locate each reflected point and 

 so that the reflected point, the original point, and 
the origin are collinear, and both the original point and
the reflected point are equidistant from the origin. 
c. Tabular Copy and complete the table below. 

 
d. Verbal Make a conjecture about the relationship 
between corresponding vertices of a figure reflected 
in the origin. 

SOLUTION:  
a. The vertices of  are A(2, 4), B (4, 5), and C
(3,1). 

 
  
b. We need to find points such that the reflected 
point, the original point, and the origin are collinear, 
and both the original point and the reflected point are 
equidistant from the origin.  
  
To reflect ABC about the origin, multiply both the 
x- and y-coordinates by –1.  
  
(x, y ) → (–x, –y ) 
A(2, 4)→ A'(–2, –4) 
B(4, 5)→ B'(–4, –5) 
C (3, 1) →C' (–3, –1) 
  
Plot the points. Then connect the vertices, A ', B', 
and C' to form the reflected image. 

 
  
c. 

 
  
d. Sample answer: The coordinates of the reflective 
image are the additive inverses of the coordinates of 
the original image. 

ANSWER:  
a. 

 
b. 

 
c. 

 
d. 
Sample answer: The coordinates of the reflective 
image are the additive inverses of the coordinates of 
the original image. 

45. ERROR ANALYSIS Jamil and Ashley are finding 
the coordinates of the image of (2, 3) after a 
reflection in the x-axis. Is either of them correct? 
Explain. 

 

SOLUTION:  
Jamil is correct. When you reflect a point across the 
x-axis, the reflected point is in the same place 
horizontally, but not vertically. When (2, 3) is 
reflected across the x-axis, the coordinates of the 
reflected point are (2, –3) since it is in the same 
location horizontally, but the other side of the x-axis 
vertically. 

 

ANSWER:  
Jamil; sample answer: When you reflect a point 
across the x-axis, the reflected point is in the same 
place horizontally, but not vertically. When (2, 3) is 
reflected across the x-axis, the coordinates of the 
reflected point are (2, –3) since it is in the same 
location horizontally, but the other side of the x-axis 
vertically. 

46. WRITING IN MATH Describe how to reflect a 
figure not on the coordinate plane across a line. 

SOLUTION:  
Draw a line through each vertex of the image that is 
perpendicular to the line of reflection. Next, measure 
the distance from each vertex to the line of 
reflection. 
Locate each vertex the same perpendicular distance 
from the opposite side of the line. Connect each of 
the vertices to form the reflected image. 

 

ANSWER:  
Draw a line through each vertex of the image that is 
perpendicular to the line of reflection. Next, measure 
the distance from each vertex to the line of 
reflection. 
Locate each vertex the same perpendicular distance 
from the opposite side of the line. Connect each of 
the vertices to form the reflected image. 

47. CHALLENGE A point in the second quadrant with
coordinates (–a, b) is reflected in the x-axis. If the 
reflected point is then reflected in the line y  = –x, 
what are the final coordinates of the image? 

SOLUTION:  
The reflection of the point (–a, b) about the x-axis 
will be (–a, –b).  

 
If you reflect the point (–a, –b) about the line y  = –x,
then the coordinates of the point will be (b, a). 

 

ANSWER:  
(b,a) 

48. OPEN-ENDED Draw a polygon on the coordinate 
plane that when reflected in the x-axis looks exactly 
like the original figure. 

SOLUTION:  
Reflect over the x-axis. Multiply the y -coordinate of
each vertex by –1.  
(x, y ) → (x, –y ) 
A(–1, 3) → A'(–1, –3) 
B(1, 3) → B'(1, –3) 
C(1, 1) →C'(1, –1) 
D(–1, 1) →D'(–1, –1) 
  
Plot the points. Then connect the vertices, A ', B', 
C',and D' to form the reflected image. 

 

ANSWER:  
Sample answer: 

 

49. CHALLENGE When A(4, 3) is reflected in a line, 

its image is (−1, 0). Find the equation of the line of
reflection. Explain your reasoning. 

SOLUTION:  

The slope of the line connecting the two points is  . 

The Midpoint Formula can be used to find the 

midpoint between the two points, which is . 

Using the point-slope form, the equation of the line is 

y = + 4. (The slope of the bisector is 

 because it is the negative reciprocal of the slope 

 .)
 

 

ANSWER:  

The slope of the line connecting the two points is  . 

The Midpoint Formula can be used to find the 

midpoint between the two points, which is . 

Using the point-slope form, the equation of the line is 

y = + 4. (The slope of the bisector is 

 because it is the negative reciprocal of the slope 

 .)
 

50. PRECISION The image of a point reflected in a 
line is always, sometimes, or never located on the 
other side of the line of reflection. 

SOLUTION:  
Sometimes; if the point in located on the line of 
reflection, then the point will remain in its same 
location. 

 

ANSWER:  
Sometimes; if the point in located on the line of 
reflection, then the point will remain in its same 
location. 

51. WRITING IN MATH Suppose points P, Q, and R 
are collinear, with point Q between points P and R. 
Describe a plan for a proof that the reflection of 
points P, Q, and R in a line preserves collinearity and 
betweenness of points. 

SOLUTION:  
It is given that P, Q, and R are collinear and that Q is
between P and R. These points are reflected in a 
line. We are to show that the image preserves 
collinearity and betweenness of points by showing 
that P', Q', and R' are collinear and that Q' is 
between P' and R'. 
First, construct P, Q, and R collinear with Q between
P  and R. Draw line L, then construct perpendicular 
lines from P, Q, and R to line L.  
  

 
To show that the points are collinear, find and 

compare the slopes of  and  and  and 

. Next, show the betweenness of points. By 
definition, if P'Q' + Q'R' = P'R' then Q' is between P'
and R'.Find and compare the lengths of each 
segment. 

ANSWER:  
Construct P, Q, and R collinear with Q between P 
and R. Draw line L, then construct perpendicular 
lines from P, Q, and R to line L. Show equidistance 
or similarity of slope. 

52. Quadrilateral ABCD has vertices A(1, 2), B(3, 6), C
(7, 6), and D(7, 0). What are the coordinates of C 

under the reflection ? 
  
A  
B  
C  
D  
  

SOLUTION:  
To find the coordinates of C under the reflection 

, find the opposite of the x-
coordinate and keep the y-coordinate the same. 
  

, so the correct answer is 
choice A. 
  

ANSWER:  
A 

53. Amira drew ΔJKL as shown. Then she accurately 
drew the image of ΔJKL under the reflection (x, y) 

→ (y, x) and labeled the image . 

                        

Which of the following statements about  
must be true? 

A  lies entirely in Quadrant I. 

B  lies entirely in Quadrant II. 

C  lies entirely in Quadrant III. 

D  coincides with Δ JKL. 

SOLUTION:  

Determine the coordinates of   by applying 
the rule (x, y) → (y, x) for each vertex of ΔJKL.  

 
Then, graph the coordinates of ΔJ'K'L'. 

         
The correct choice is B, as the entire triangle lies 
within Quadrant II and it does not coincide with 
ΔJKL or the x-axis.  

ANSWER:  
B 

54. Jennifer draws a line and a point P not on the line. 
Then she accurately draws the reflection image of 
point P, which she labels P'. She finds that the 
distance from point P to the line of reflection is 4 

centimeters. What is the length of ? 
  
A 2 cm 
B 4 cm 
C 8 cm 
D 16 cm 

SOLUTION:  
Jennifer draws a line and a point P not on the line. 
Then she accurately draws the reflection image of 
point P, which she labels P'. She finds that the 
distance from point P to the line of reflection is 4 

centimeters. The length of  is twice the distance 
from point P to the line of reflection, because the 
distance from point P' to the line of reflection should 
be the same as from point P to the line of reflection.  
  
2(4 cm) = 8 cm, the correct answer is choice C.   
  

ANSWER:  
C 

55. What is the x-coordinate of the image of the point 

 after a reflection in the line y  = x? 
  
x-coordinate = ___________ 

SOLUTION:  
A reflection in the line y  = x switches the coordinates
of a point, so the x-coordinate after the reflection is 
the same as the y-coordinate before the reflection, 
which is . 

ANSWER:  
 

56. Jamal draws a rectangle with vertices 

  and    and 

then its reflection at   and 

 Describe the transformation using 
coordinate notation. 

SOLUTION:  
A transformation that sends  

   and    to 

   and  keeps the y-
coordinate as is and changes the sign on the x-
coordinate. That is a reflection in the y-axis or a 

transformation of .  
  
  

ANSWER:  

; reflection in the y-axis 

57. The vertices of triangle DEF are D(3, 3), E(2, 0) and
F(6, 1). Afer a reflection in the line y  = x, which of 
the following points lies in the interior of triangle 
D'E'F'?  
A    
B    
C    
D    

SOLUTION:  
First find the vertices of D'E'F'. 
  
A reflection through the line y  = x sends (x, y) to (y, 
x), so the coordinates of the image are D'(3, 3), E'(0, 
2), and F'(1, 6). 
  
Graph the new triangle and test each point, or note 
that only answer choice B is in the same quadrant as 
the image. The correct choice is B.  

ANSWER:  
B 

58. Kyle performs a reflection and finds that every point 
on the x-axis is mapped to itself. Which of the 
following could be Kyle’s reflection? 
A  
B  
C  
D  

SOLUTION:  
For every point in the x-axis to be mapped onto itself,
the image of the x-coordinate must remain the same. 
The correct choice is A, as it is the only one where 
the x-coordinate doesn't change from the preimage to
the image.  

ANSWER:  
A 

59. MULTI-STEP Carlos is using a coordinate plane to 
design a mural. He starts by drawing triangle QRS as
shown. 
  

 
a. Carlos decides to reflect the triangle in the x-axis. 
In which quadrant does the reflection image lie.  
b. Carlos also reflects the triangle so that the image 

of point S is . Write a coordinate rule for 
the reflection Carlos used.  
c. Describe a reflection Carlos can use if he wants 
the image of triangle QRS to intersect the x-axis.  

SOLUTION:  
a. A reflection of a triangle in Quadrant III like this 
one will send all of the points to Quadrant II, because
it makes all of the y-coordinates positive, and does 
not change the x-coordinates. 
b. Since point S is at  the transformation 

that sends it to  is .  
c. Any line that moves the triangle up at least 1 unit 
and no more than 4 units will make the image 
intersect the x-axis. one such line is . 

ANSWER:  
a. Quadrant II 
b.  
c. Sample answer: reflection in the line . 

 

ANSWER:  

 

43. x-axis 

 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
To reflect  over the x-axis, multiply     by –
1. The reflected equation is then  . 

 

ANSWER:  

 

44. MULTIPLE REPRESENTATIONS In this 
problem, you will investigate a reflection in the origin.
a. Geometric Draw in the coordinate plane 
so that each vertex is a whole-number ordered pair. 
b. Graphical Locate each reflected point and 

 so that the reflected point, the original point, and 
the origin are collinear, and both the original point and
the reflected point are equidistant from the origin. 
c. Tabular Copy and complete the table below. 

 
d. Verbal Make a conjecture about the relationship 
between corresponding vertices of a figure reflected 
in the origin. 

SOLUTION:  
a. The vertices of  are A(2, 4), B (4, 5), and C
(3,1). 

 
  
b. We need to find points such that the reflected 
point, the original point, and the origin are collinear, 
and both the original point and the reflected point are 
equidistant from the origin.  
  
To reflect ABC about the origin, multiply both the 
x- and y-coordinates by –1.  
  
(x, y ) → (–x, –y ) 
A(2, 4)→ A'(–2, –4) 
B(4, 5)→ B'(–4, –5) 
C (3, 1) →C' (–3, –1) 
  
Plot the points. Then connect the vertices, A ', B', 
and C' to form the reflected image. 

 
  
c. 

 
  
d. Sample answer: The coordinates of the reflective 
image are the additive inverses of the coordinates of 
the original image. 

ANSWER:  
a. 

 
b. 

 
c. 

 
d. 
Sample answer: The coordinates of the reflective 
image are the additive inverses of the coordinates of 
the original image. 

45. ERROR ANALYSIS Jamil and Ashley are finding 
the coordinates of the image of (2, 3) after a 
reflection in the x-axis. Is either of them correct? 
Explain. 

 

SOLUTION:  
Jamil is correct. When you reflect a point across the 
x-axis, the reflected point is in the same place 
horizontally, but not vertically. When (2, 3) is 
reflected across the x-axis, the coordinates of the 
reflected point are (2, –3) since it is in the same 
location horizontally, but the other side of the x-axis 
vertically. 

 

ANSWER:  
Jamil; sample answer: When you reflect a point 
across the x-axis, the reflected point is in the same 
place horizontally, but not vertically. When (2, 3) is 
reflected across the x-axis, the coordinates of the 
reflected point are (2, –3) since it is in the same 
location horizontally, but the other side of the x-axis 
vertically. 

46. WRITING IN MATH Describe how to reflect a 
figure not on the coordinate plane across a line. 

SOLUTION:  
Draw a line through each vertex of the image that is 
perpendicular to the line of reflection. Next, measure 
the distance from each vertex to the line of 
reflection. 
Locate each vertex the same perpendicular distance 
from the opposite side of the line. Connect each of 
the vertices to form the reflected image. 

 

ANSWER:  
Draw a line through each vertex of the image that is 
perpendicular to the line of reflection. Next, measure 
the distance from each vertex to the line of 
reflection. 
Locate each vertex the same perpendicular distance 
from the opposite side of the line. Connect each of 
the vertices to form the reflected image. 

47. CHALLENGE A point in the second quadrant with
coordinates (–a, b) is reflected in the x-axis. If the 
reflected point is then reflected in the line y  = –x, 
what are the final coordinates of the image? 

SOLUTION:  
The reflection of the point (–a, b) about the x-axis 
will be (–a, –b).  

 
If you reflect the point (–a, –b) about the line y  = –x,
then the coordinates of the point will be (b, a). 

 

ANSWER:  
(b,a) 

48. OPEN-ENDED Draw a polygon on the coordinate 
plane that when reflected in the x-axis looks exactly 
like the original figure. 

SOLUTION:  
Reflect over the x-axis. Multiply the y -coordinate of
each vertex by –1.  
(x, y ) → (x, –y ) 
A(–1, 3) → A'(–1, –3) 
B(1, 3) → B'(1, –3) 
C(1, 1) →C'(1, –1) 
D(–1, 1) →D'(–1, –1) 
  
Plot the points. Then connect the vertices, A ', B', 
C',and D' to form the reflected image. 

 

ANSWER:  
Sample answer: 

 

49. CHALLENGE When A(4, 3) is reflected in a line, 

its image is (−1, 0). Find the equation of the line of
reflection. Explain your reasoning. 

SOLUTION:  

The slope of the line connecting the two points is  . 

The Midpoint Formula can be used to find the 

midpoint between the two points, which is . 

Using the point-slope form, the equation of the line is 

y = + 4. (The slope of the bisector is 

 because it is the negative reciprocal of the slope 

 .)
 

 

ANSWER:  

The slope of the line connecting the two points is  . 

The Midpoint Formula can be used to find the 

midpoint between the two points, which is . 

Using the point-slope form, the equation of the line is 

y = + 4. (The slope of the bisector is 

 because it is the negative reciprocal of the slope 

 .)
 

50. PRECISION The image of a point reflected in a 
line is always, sometimes, or never located on the 
other side of the line of reflection. 

SOLUTION:  
Sometimes; if the point in located on the line of 
reflection, then the point will remain in its same 
location. 

 

ANSWER:  
Sometimes; if the point in located on the line of 
reflection, then the point will remain in its same 
location. 

51. WRITING IN MATH Suppose points P, Q, and R 
are collinear, with point Q between points P and R. 
Describe a plan for a proof that the reflection of 
points P, Q, and R in a line preserves collinearity and 
betweenness of points. 

SOLUTION:  
It is given that P, Q, and R are collinear and that Q is
between P and R. These points are reflected in a 
line. We are to show that the image preserves 
collinearity and betweenness of points by showing 
that P', Q', and R' are collinear and that Q' is 
between P' and R'. 
First, construct P, Q, and R collinear with Q between
P  and R. Draw line L, then construct perpendicular 
lines from P, Q, and R to line L.  
  

 
To show that the points are collinear, find and 

compare the slopes of  and  and  and 

. Next, show the betweenness of points. By 
definition, if P'Q' + Q'R' = P'R' then Q' is between P'
and R'.Find and compare the lengths of each 
segment. 

ANSWER:  
Construct P, Q, and R collinear with Q between P 
and R. Draw line L, then construct perpendicular 
lines from P, Q, and R to line L. Show equidistance 
or similarity of slope. 

52. Quadrilateral ABCD has vertices A(1, 2), B(3, 6), C
(7, 6), and D(7, 0). What are the coordinates of C 

under the reflection ? 
  
A  
B  
C  
D  
  

SOLUTION:  
To find the coordinates of C under the reflection 

, find the opposite of the x-
coordinate and keep the y-coordinate the same. 
  

, so the correct answer is 
choice A. 
  

ANSWER:  
A 

53. Amira drew ΔJKL as shown. Then she accurately 
drew the image of ΔJKL under the reflection (x, y) 

→ (y, x) and labeled the image . 

                        

Which of the following statements about  
must be true? 

A  lies entirely in Quadrant I. 

B  lies entirely in Quadrant II. 

C  lies entirely in Quadrant III. 

D  coincides with Δ JKL. 

SOLUTION:  

Determine the coordinates of   by applying 
the rule (x, y) → (y, x) for each vertex of ΔJKL.  

 
Then, graph the coordinates of ΔJ'K'L'. 

         
The correct choice is B, as the entire triangle lies 
within Quadrant II and it does not coincide with 
ΔJKL or the x-axis.  

ANSWER:  
B 

54. Jennifer draws a line and a point P not on the line. 
Then she accurately draws the reflection image of 
point P, which she labels P'. She finds that the 
distance from point P to the line of reflection is 4 

centimeters. What is the length of ? 
  
A 2 cm 
B 4 cm 
C 8 cm 
D 16 cm 

SOLUTION:  
Jennifer draws a line and a point P not on the line. 
Then she accurately draws the reflection image of 
point P, which she labels P'. She finds that the 
distance from point P to the line of reflection is 4 

centimeters. The length of  is twice the distance 
from point P to the line of reflection, because the 
distance from point P' to the line of reflection should 
be the same as from point P to the line of reflection.  
  
2(4 cm) = 8 cm, the correct answer is choice C.   
  

ANSWER:  
C 

55. What is the x-coordinate of the image of the point 

 after a reflection in the line y  = x? 
  
x-coordinate = ___________ 

SOLUTION:  
A reflection in the line y  = x switches the coordinates
of a point, so the x-coordinate after the reflection is 
the same as the y-coordinate before the reflection, 
which is . 

ANSWER:  
 

56. Jamal draws a rectangle with vertices 

  and    and 

then its reflection at   and 

 Describe the transformation using 
coordinate notation. 

SOLUTION:  
A transformation that sends  

   and    to 

   and  keeps the y-
coordinate as is and changes the sign on the x-
coordinate. That is a reflection in the y-axis or a 

transformation of .  
  
  

ANSWER:  

; reflection in the y-axis 

57. The vertices of triangle DEF are D(3, 3), E(2, 0) and
F(6, 1). Afer a reflection in the line y  = x, which of 
the following points lies in the interior of triangle 
D'E'F'?  
A    
B    
C    
D    

SOLUTION:  
First find the vertices of D'E'F'. 
  
A reflection through the line y  = x sends (x, y) to (y, 
x), so the coordinates of the image are D'(3, 3), E'(0, 
2), and F'(1, 6). 
  
Graph the new triangle and test each point, or note 
that only answer choice B is in the same quadrant as 
the image. The correct choice is B.  

ANSWER:  
B 

58. Kyle performs a reflection and finds that every point 
on the x-axis is mapped to itself. Which of the 
following could be Kyle’s reflection? 
A  
B  
C  
D  

SOLUTION:  
For every point in the x-axis to be mapped onto itself,
the image of the x-coordinate must remain the same. 
The correct choice is A, as it is the only one where 
the x-coordinate doesn't change from the preimage to
the image.  

ANSWER:  
A 

59. MULTI-STEP Carlos is using a coordinate plane to 
design a mural. He starts by drawing triangle QRS as
shown. 
  

 
a. Carlos decides to reflect the triangle in the x-axis. 
In which quadrant does the reflection image lie.  
b. Carlos also reflects the triangle so that the image 

of point S is . Write a coordinate rule for 
the reflection Carlos used.  
c. Describe a reflection Carlos can use if he wants 
the image of triangle QRS to intersect the x-axis.  

SOLUTION:  
a. A reflection of a triangle in Quadrant III like this 
one will send all of the points to Quadrant II, because
it makes all of the y-coordinates positive, and does 
not change the x-coordinates. 
b. Since point S is at  the transformation 

that sends it to  is .  
c. Any line that moves the triangle up at least 1 unit 
and no more than 4 units will make the image 
intersect the x-axis. one such line is . 

ANSWER:  
a. Quadrant II 
b.  
c. Sample answer: reflection in the line . 
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ANSWER:  

 

43. x-axis 

 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
To reflect  over the x-axis, multiply     by –
1. The reflected equation is then  . 

 

ANSWER:  

 

44. MULTIPLE REPRESENTATIONS In this 
problem, you will investigate a reflection in the origin.
a. Geometric Draw in the coordinate plane 
so that each vertex is a whole-number ordered pair. 
b. Graphical Locate each reflected point and 

 so that the reflected point, the original point, and 
the origin are collinear, and both the original point and
the reflected point are equidistant from the origin. 
c. Tabular Copy and complete the table below. 

 
d. Verbal Make a conjecture about the relationship 
between corresponding vertices of a figure reflected 
in the origin. 

SOLUTION:  
a. The vertices of  are A(2, 4), B (4, 5), and C
(3,1). 

 
  
b. We need to find points such that the reflected 
point, the original point, and the origin are collinear, 
and both the original point and the reflected point are 
equidistant from the origin.  
  
To reflect ABC about the origin, multiply both the 
x- and y-coordinates by –1.  
  
(x, y ) → (–x, –y ) 
A(2, 4)→ A'(–2, –4) 
B(4, 5)→ B'(–4, –5) 
C (3, 1) →C' (–3, –1) 
  
Plot the points. Then connect the vertices, A ', B', 
and C' to form the reflected image. 

 
  
c. 

 
  
d. Sample answer: The coordinates of the reflective 
image are the additive inverses of the coordinates of 
the original image. 

ANSWER:  
a. 

 
b. 

 
c. 

 
d. 
Sample answer: The coordinates of the reflective 
image are the additive inverses of the coordinates of 
the original image. 

45. ERROR ANALYSIS Jamil and Ashley are finding 
the coordinates of the image of (2, 3) after a 
reflection in the x-axis. Is either of them correct? 
Explain. 

 

SOLUTION:  
Jamil is correct. When you reflect a point across the 
x-axis, the reflected point is in the same place 
horizontally, but not vertically. When (2, 3) is 
reflected across the x-axis, the coordinates of the 
reflected point are (2, –3) since it is in the same 
location horizontally, but the other side of the x-axis 
vertically. 

 

ANSWER:  
Jamil; sample answer: When you reflect a point 
across the x-axis, the reflected point is in the same 
place horizontally, but not vertically. When (2, 3) is 
reflected across the x-axis, the coordinates of the 
reflected point are (2, –3) since it is in the same 
location horizontally, but the other side of the x-axis 
vertically. 

46. WRITING IN MATH Describe how to reflect a 
figure not on the coordinate plane across a line. 

SOLUTION:  
Draw a line through each vertex of the image that is 
perpendicular to the line of reflection. Next, measure 
the distance from each vertex to the line of 
reflection. 
Locate each vertex the same perpendicular distance 
from the opposite side of the line. Connect each of 
the vertices to form the reflected image. 

 

ANSWER:  
Draw a line through each vertex of the image that is 
perpendicular to the line of reflection. Next, measure 
the distance from each vertex to the line of 
reflection. 
Locate each vertex the same perpendicular distance 
from the opposite side of the line. Connect each of 
the vertices to form the reflected image. 

47. CHALLENGE A point in the second quadrant with
coordinates (–a, b) is reflected in the x-axis. If the 
reflected point is then reflected in the line y  = –x, 
what are the final coordinates of the image? 

SOLUTION:  
The reflection of the point (–a, b) about the x-axis 
will be (–a, –b).  

 
If you reflect the point (–a, –b) about the line y  = –x,
then the coordinates of the point will be (b, a). 

 

ANSWER:  
(b,a) 

48. OPEN-ENDED Draw a polygon on the coordinate 
plane that when reflected in the x-axis looks exactly 
like the original figure. 

SOLUTION:  
Reflect over the x-axis. Multiply the y -coordinate of
each vertex by –1.  
(x, y ) → (x, –y ) 
A(–1, 3) → A'(–1, –3) 
B(1, 3) → B'(1, –3) 
C(1, 1) →C'(1, –1) 
D(–1, 1) →D'(–1, –1) 
  
Plot the points. Then connect the vertices, A ', B', 
C',and D' to form the reflected image. 

 

ANSWER:  
Sample answer: 

 

49. CHALLENGE When A(4, 3) is reflected in a line, 

its image is (−1, 0). Find the equation of the line of
reflection. Explain your reasoning. 

SOLUTION:  

The slope of the line connecting the two points is  . 

The Midpoint Formula can be used to find the 

midpoint between the two points, which is . 

Using the point-slope form, the equation of the line is 

y = + 4. (The slope of the bisector is 

 because it is the negative reciprocal of the slope 

 .)
 

 

ANSWER:  

The slope of the line connecting the two points is  . 

The Midpoint Formula can be used to find the 

midpoint between the two points, which is . 

Using the point-slope form, the equation of the line is 

y = + 4. (The slope of the bisector is 

 because it is the negative reciprocal of the slope 

 .)
 

50. PRECISION The image of a point reflected in a 
line is always, sometimes, or never located on the 
other side of the line of reflection. 

SOLUTION:  
Sometimes; if the point in located on the line of 
reflection, then the point will remain in its same 
location. 

 

ANSWER:  
Sometimes; if the point in located on the line of 
reflection, then the point will remain in its same 
location. 

51. WRITING IN MATH Suppose points P, Q, and R 
are collinear, with point Q between points P and R. 
Describe a plan for a proof that the reflection of 
points P, Q, and R in a line preserves collinearity and 
betweenness of points. 

SOLUTION:  
It is given that P, Q, and R are collinear and that Q is
between P and R. These points are reflected in a 
line. We are to show that the image preserves 
collinearity and betweenness of points by showing 
that P', Q', and R' are collinear and that Q' is 
between P' and R'. 
First, construct P, Q, and R collinear with Q between
P  and R. Draw line L, then construct perpendicular 
lines from P, Q, and R to line L.  
  

 
To show that the points are collinear, find and 

compare the slopes of  and  and  and 

. Next, show the betweenness of points. By 
definition, if P'Q' + Q'R' = P'R' then Q' is between P'
and R'.Find and compare the lengths of each 
segment. 

ANSWER:  
Construct P, Q, and R collinear with Q between P 
and R. Draw line L, then construct perpendicular 
lines from P, Q, and R to line L. Show equidistance 
or similarity of slope. 

52. Quadrilateral ABCD has vertices A(1, 2), B(3, 6), C
(7, 6), and D(7, 0). What are the coordinates of C 

under the reflection ? 
  
A  
B  
C  
D  
  

SOLUTION:  
To find the coordinates of C under the reflection 

, find the opposite of the x-
coordinate and keep the y-coordinate the same. 
  

, so the correct answer is 
choice A. 
  

ANSWER:  
A 

53. Amira drew ΔJKL as shown. Then she accurately 
drew the image of ΔJKL under the reflection (x, y) 

→ (y, x) and labeled the image . 

                        

Which of the following statements about  
must be true? 

A  lies entirely in Quadrant I. 

B  lies entirely in Quadrant II. 

C  lies entirely in Quadrant III. 

D  coincides with Δ JKL. 

SOLUTION:  

Determine the coordinates of   by applying 
the rule (x, y) → (y, x) for each vertex of ΔJKL.  

 
Then, graph the coordinates of ΔJ'K'L'. 

         
The correct choice is B, as the entire triangle lies 
within Quadrant II and it does not coincide with 
ΔJKL or the x-axis.  

ANSWER:  
B 

54. Jennifer draws a line and a point P not on the line. 
Then she accurately draws the reflection image of 
point P, which she labels P'. She finds that the 
distance from point P to the line of reflection is 4 

centimeters. What is the length of ? 
  
A 2 cm 
B 4 cm 
C 8 cm 
D 16 cm 

SOLUTION:  
Jennifer draws a line and a point P not on the line. 
Then she accurately draws the reflection image of 
point P, which she labels P'. She finds that the 
distance from point P to the line of reflection is 4 

centimeters. The length of  is twice the distance 
from point P to the line of reflection, because the 
distance from point P' to the line of reflection should 
be the same as from point P to the line of reflection.  
  
2(4 cm) = 8 cm, the correct answer is choice C.   
  

ANSWER:  
C 

55. What is the x-coordinate of the image of the point 

 after a reflection in the line y  = x? 
  
x-coordinate = ___________ 

SOLUTION:  
A reflection in the line y  = x switches the coordinates
of a point, so the x-coordinate after the reflection is 
the same as the y-coordinate before the reflection, 
which is . 

ANSWER:  
 

56. Jamal draws a rectangle with vertices 

  and    and 

then its reflection at   and 

 Describe the transformation using 
coordinate notation. 

SOLUTION:  
A transformation that sends  

   and    to 

   and  keeps the y-
coordinate as is and changes the sign on the x-
coordinate. That is a reflection in the y-axis or a 

transformation of .  
  
  

ANSWER:  

; reflection in the y-axis 

57. The vertices of triangle DEF are D(3, 3), E(2, 0) and
F(6, 1). Afer a reflection in the line y  = x, which of 
the following points lies in the interior of triangle 
D'E'F'?  
A    
B    
C    
D    

SOLUTION:  
First find the vertices of D'E'F'. 
  
A reflection through the line y  = x sends (x, y) to (y, 
x), so the coordinates of the image are D'(3, 3), E'(0, 
2), and F'(1, 6). 
  
Graph the new triangle and test each point, or note 
that only answer choice B is in the same quadrant as 
the image. The correct choice is B.  

ANSWER:  
B 

58. Kyle performs a reflection and finds that every point 
on the x-axis is mapped to itself. Which of the 
following could be Kyle’s reflection? 
A  
B  
C  
D  

SOLUTION:  
For every point in the x-axis to be mapped onto itself,
the image of the x-coordinate must remain the same. 
The correct choice is A, as it is the only one where 
the x-coordinate doesn't change from the preimage to
the image.  

ANSWER:  
A 

59. MULTI-STEP Carlos is using a coordinate plane to 
design a mural. He starts by drawing triangle QRS as
shown. 
  

 
a. Carlos decides to reflect the triangle in the x-axis. 
In which quadrant does the reflection image lie.  
b. Carlos also reflects the triangle so that the image 

of point S is . Write a coordinate rule for 
the reflection Carlos used.  
c. Describe a reflection Carlos can use if he wants 
the image of triangle QRS to intersect the x-axis.  

SOLUTION:  
a. A reflection of a triangle in Quadrant III like this 
one will send all of the points to Quadrant II, because
it makes all of the y-coordinates positive, and does 
not change the x-coordinates. 
b. Since point S is at  the transformation 

that sends it to  is .  
c. Any line that moves the triangle up at least 1 unit 
and no more than 4 units will make the image 
intersect the x-axis. one such line is . 

ANSWER:  
a. Quadrant II 
b.  
c. Sample answer: reflection in the line . 

 

ANSWER:  

 

43. x-axis 

 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
To reflect  over the x-axis, multiply     by –
1. The reflected equation is then  . 

 

ANSWER:  

 

44. MULTIPLE REPRESENTATIONS In this 
problem, you will investigate a reflection in the origin.
a. Geometric Draw in the coordinate plane 
so that each vertex is a whole-number ordered pair. 
b. Graphical Locate each reflected point and 

 so that the reflected point, the original point, and 
the origin are collinear, and both the original point and
the reflected point are equidistant from the origin. 
c. Tabular Copy and complete the table below. 

 
d. Verbal Make a conjecture about the relationship 
between corresponding vertices of a figure reflected 
in the origin. 

SOLUTION:  
a. The vertices of  are A(2, 4), B (4, 5), and C
(3,1). 

 
  
b. We need to find points such that the reflected 
point, the original point, and the origin are collinear, 
and both the original point and the reflected point are 
equidistant from the origin.  
  
To reflect ABC about the origin, multiply both the 
x- and y-coordinates by –1.  
  
(x, y ) → (–x, –y ) 
A(2, 4)→ A'(–2, –4) 
B(4, 5)→ B'(–4, –5) 
C (3, 1) →C' (–3, –1) 
  
Plot the points. Then connect the vertices, A ', B', 
and C' to form the reflected image. 

 
  
c. 

 
  
d. Sample answer: The coordinates of the reflective 
image are the additive inverses of the coordinates of 
the original image. 

ANSWER:  
a. 

 
b. 

 
c. 

 
d. 
Sample answer: The coordinates of the reflective 
image are the additive inverses of the coordinates of 
the original image. 

45. ERROR ANALYSIS Jamil and Ashley are finding 
the coordinates of the image of (2, 3) after a 
reflection in the x-axis. Is either of them correct? 
Explain. 

 

SOLUTION:  
Jamil is correct. When you reflect a point across the 
x-axis, the reflected point is in the same place 
horizontally, but not vertically. When (2, 3) is 
reflected across the x-axis, the coordinates of the 
reflected point are (2, –3) since it is in the same 
location horizontally, but the other side of the x-axis 
vertically. 

 

ANSWER:  
Jamil; sample answer: When you reflect a point 
across the x-axis, the reflected point is in the same 
place horizontally, but not vertically. When (2, 3) is 
reflected across the x-axis, the coordinates of the 
reflected point are (2, –3) since it is in the same 
location horizontally, but the other side of the x-axis 
vertically. 

46. WRITING IN MATH Describe how to reflect a 
figure not on the coordinate plane across a line. 

SOLUTION:  
Draw a line through each vertex of the image that is 
perpendicular to the line of reflection. Next, measure 
the distance from each vertex to the line of 
reflection. 
Locate each vertex the same perpendicular distance 
from the opposite side of the line. Connect each of 
the vertices to form the reflected image. 

 

ANSWER:  
Draw a line through each vertex of the image that is 
perpendicular to the line of reflection. Next, measure 
the distance from each vertex to the line of 
reflection. 
Locate each vertex the same perpendicular distance 
from the opposite side of the line. Connect each of 
the vertices to form the reflected image. 

47. CHALLENGE A point in the second quadrant with
coordinates (–a, b) is reflected in the x-axis. If the 
reflected point is then reflected in the line y  = –x, 
what are the final coordinates of the image? 

SOLUTION:  
The reflection of the point (–a, b) about the x-axis 
will be (–a, –b).  

 
If you reflect the point (–a, –b) about the line y  = –x,
then the coordinates of the point will be (b, a). 

 

ANSWER:  
(b,a) 

48. OPEN-ENDED Draw a polygon on the coordinate 
plane that when reflected in the x-axis looks exactly 
like the original figure. 

SOLUTION:  
Reflect over the x-axis. Multiply the y -coordinate of
each vertex by –1.  
(x, y ) → (x, –y ) 
A(–1, 3) → A'(–1, –3) 
B(1, 3) → B'(1, –3) 
C(1, 1) →C'(1, –1) 
D(–1, 1) →D'(–1, –1) 
  
Plot the points. Then connect the vertices, A ', B', 
C',and D' to form the reflected image. 

 

ANSWER:  
Sample answer: 

 

49. CHALLENGE When A(4, 3) is reflected in a line, 

its image is (−1, 0). Find the equation of the line of
reflection. Explain your reasoning. 

SOLUTION:  

The slope of the line connecting the two points is  . 

The Midpoint Formula can be used to find the 

midpoint between the two points, which is . 

Using the point-slope form, the equation of the line is 

y = + 4. (The slope of the bisector is 

 because it is the negative reciprocal of the slope 

 .)
 

 

ANSWER:  

The slope of the line connecting the two points is  . 

The Midpoint Formula can be used to find the 

midpoint between the two points, which is . 

Using the point-slope form, the equation of the line is 

y = + 4. (The slope of the bisector is 

 because it is the negative reciprocal of the slope 

 .)
 

50. PRECISION The image of a point reflected in a 
line is always, sometimes, or never located on the 
other side of the line of reflection. 

SOLUTION:  
Sometimes; if the point in located on the line of 
reflection, then the point will remain in its same 
location. 

 

ANSWER:  
Sometimes; if the point in located on the line of 
reflection, then the point will remain in its same 
location. 

51. WRITING IN MATH Suppose points P, Q, and R 
are collinear, with point Q between points P and R. 
Describe a plan for a proof that the reflection of 
points P, Q, and R in a line preserves collinearity and 
betweenness of points. 

SOLUTION:  
It is given that P, Q, and R are collinear and that Q is
between P and R. These points are reflected in a 
line. We are to show that the image preserves 
collinearity and betweenness of points by showing 
that P', Q', and R' are collinear and that Q' is 
between P' and R'. 
First, construct P, Q, and R collinear with Q between
P  and R. Draw line L, then construct perpendicular 
lines from P, Q, and R to line L.  
  

 
To show that the points are collinear, find and 

compare the slopes of  and  and  and 

. Next, show the betweenness of points. By 
definition, if P'Q' + Q'R' = P'R' then Q' is between P'
and R'.Find and compare the lengths of each 
segment. 

ANSWER:  
Construct P, Q, and R collinear with Q between P 
and R. Draw line L, then construct perpendicular 
lines from P, Q, and R to line L. Show equidistance 
or similarity of slope. 

52. Quadrilateral ABCD has vertices A(1, 2), B(3, 6), C
(7, 6), and D(7, 0). What are the coordinates of C 

under the reflection ? 
  
A  
B  
C  
D  
  

SOLUTION:  
To find the coordinates of C under the reflection 

, find the opposite of the x-
coordinate and keep the y-coordinate the same. 
  

, so the correct answer is 
choice A. 
  

ANSWER:  
A 

53. Amira drew ΔJKL as shown. Then she accurately 
drew the image of ΔJKL under the reflection (x, y) 

→ (y, x) and labeled the image . 

                        

Which of the following statements about  
must be true? 

A  lies entirely in Quadrant I. 

B  lies entirely in Quadrant II. 

C  lies entirely in Quadrant III. 

D  coincides with Δ JKL. 

SOLUTION:  

Determine the coordinates of   by applying 
the rule (x, y) → (y, x) for each vertex of ΔJKL.  

 
Then, graph the coordinates of ΔJ'K'L'. 

         
The correct choice is B, as the entire triangle lies 
within Quadrant II and it does not coincide with 
ΔJKL or the x-axis.  

ANSWER:  
B 

54. Jennifer draws a line and a point P not on the line. 
Then she accurately draws the reflection image of 
point P, which she labels P'. She finds that the 
distance from point P to the line of reflection is 4 

centimeters. What is the length of ? 
  
A 2 cm 
B 4 cm 
C 8 cm 
D 16 cm 

SOLUTION:  
Jennifer draws a line and a point P not on the line. 
Then she accurately draws the reflection image of 
point P, which she labels P'. She finds that the 
distance from point P to the line of reflection is 4 

centimeters. The length of  is twice the distance 
from point P to the line of reflection, because the 
distance from point P' to the line of reflection should 
be the same as from point P to the line of reflection.  
  
2(4 cm) = 8 cm, the correct answer is choice C.   
  

ANSWER:  
C 

55. What is the x-coordinate of the image of the point 

 after a reflection in the line y  = x? 
  
x-coordinate = ___________ 

SOLUTION:  
A reflection in the line y  = x switches the coordinates
of a point, so the x-coordinate after the reflection is 
the same as the y-coordinate before the reflection, 
which is . 

ANSWER:  
 

56. Jamal draws a rectangle with vertices 

  and    and 

then its reflection at   and 

 Describe the transformation using 
coordinate notation. 

SOLUTION:  
A transformation that sends  

   and    to 

   and  keeps the y-
coordinate as is and changes the sign on the x-
coordinate. That is a reflection in the y-axis or a 

transformation of .  
  
  

ANSWER:  

; reflection in the y-axis 

57. The vertices of triangle DEF are D(3, 3), E(2, 0) and
F(6, 1). Afer a reflection in the line y  = x, which of 
the following points lies in the interior of triangle 
D'E'F'?  
A    
B    
C    
D    

SOLUTION:  
First find the vertices of D'E'F'. 
  
A reflection through the line y  = x sends (x, y) to (y, 
x), so the coordinates of the image are D'(3, 3), E'(0, 
2), and F'(1, 6). 
  
Graph the new triangle and test each point, or note 
that only answer choice B is in the same quadrant as 
the image. The correct choice is B.  

ANSWER:  
B 

58. Kyle performs a reflection and finds that every point 
on the x-axis is mapped to itself. Which of the 
following could be Kyle’s reflection? 
A  
B  
C  
D  

SOLUTION:  
For every point in the x-axis to be mapped onto itself,
the image of the x-coordinate must remain the same. 
The correct choice is A, as it is the only one where 
the x-coordinate doesn't change from the preimage to
the image.  

ANSWER:  
A 

59. MULTI-STEP Carlos is using a coordinate plane to 
design a mural. He starts by drawing triangle QRS as
shown. 
  

 
a. Carlos decides to reflect the triangle in the x-axis. 
In which quadrant does the reflection image lie.  
b. Carlos also reflects the triangle so that the image 

of point S is . Write a coordinate rule for 
the reflection Carlos used.  
c. Describe a reflection Carlos can use if he wants 
the image of triangle QRS to intersect the x-axis.  

SOLUTION:  
a. A reflection of a triangle in Quadrant III like this 
one will send all of the points to Quadrant II, because
it makes all of the y-coordinates positive, and does 
not change the x-coordinates. 
b. Since point S is at  the transformation 

that sends it to  is .  
c. Any line that moves the triangle up at least 1 unit 
and no more than 4 units will make the image 
intersect the x-axis. one such line is . 

ANSWER:  
a. Quadrant II 
b.  
c. Sample answer: reflection in the line . 
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ANSWER:  

 

43. x-axis 

 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
To reflect  over the x-axis, multiply     by –
1. The reflected equation is then  . 

 

ANSWER:  

 

44. MULTIPLE REPRESENTATIONS In this 
problem, you will investigate a reflection in the origin.
a. Geometric Draw in the coordinate plane 
so that each vertex is a whole-number ordered pair. 
b. Graphical Locate each reflected point and 

 so that the reflected point, the original point, and 
the origin are collinear, and both the original point and
the reflected point are equidistant from the origin. 
c. Tabular Copy and complete the table below. 

 
d. Verbal Make a conjecture about the relationship 
between corresponding vertices of a figure reflected 
in the origin. 

SOLUTION:  
a. The vertices of  are A(2, 4), B (4, 5), and C
(3,1). 

 
  
b. We need to find points such that the reflected 
point, the original point, and the origin are collinear, 
and both the original point and the reflected point are 
equidistant from the origin.  
  
To reflect ABC about the origin, multiply both the 
x- and y-coordinates by –1.  
  
(x, y ) → (–x, –y ) 
A(2, 4)→ A'(–2, –4) 
B(4, 5)→ B'(–4, –5) 
C (3, 1) →C' (–3, –1) 
  
Plot the points. Then connect the vertices, A ', B', 
and C' to form the reflected image. 

 
  
c. 

 
  
d. Sample answer: The coordinates of the reflective 
image are the additive inverses of the coordinates of 
the original image. 

ANSWER:  
a. 

 
b. 

 
c. 

 
d. 
Sample answer: The coordinates of the reflective 
image are the additive inverses of the coordinates of 
the original image. 

45. ERROR ANALYSIS Jamil and Ashley are finding 
the coordinates of the image of (2, 3) after a 
reflection in the x-axis. Is either of them correct? 
Explain. 

 

SOLUTION:  
Jamil is correct. When you reflect a point across the 
x-axis, the reflected point is in the same place 
horizontally, but not vertically. When (2, 3) is 
reflected across the x-axis, the coordinates of the 
reflected point are (2, –3) since it is in the same 
location horizontally, but the other side of the x-axis 
vertically. 

 

ANSWER:  
Jamil; sample answer: When you reflect a point 
across the x-axis, the reflected point is in the same 
place horizontally, but not vertically. When (2, 3) is 
reflected across the x-axis, the coordinates of the 
reflected point are (2, –3) since it is in the same 
location horizontally, but the other side of the x-axis 
vertically. 

46. WRITING IN MATH Describe how to reflect a 
figure not on the coordinate plane across a line. 

SOLUTION:  
Draw a line through each vertex of the image that is 
perpendicular to the line of reflection. Next, measure 
the distance from each vertex to the line of 
reflection. 
Locate each vertex the same perpendicular distance 
from the opposite side of the line. Connect each of 
the vertices to form the reflected image. 

 

ANSWER:  
Draw a line through each vertex of the image that is 
perpendicular to the line of reflection. Next, measure 
the distance from each vertex to the line of 
reflection. 
Locate each vertex the same perpendicular distance 
from the opposite side of the line. Connect each of 
the vertices to form the reflected image. 

47. CHALLENGE A point in the second quadrant with
coordinates (–a, b) is reflected in the x-axis. If the 
reflected point is then reflected in the line y  = –x, 
what are the final coordinates of the image? 

SOLUTION:  
The reflection of the point (–a, b) about the x-axis 
will be (–a, –b).  

 
If you reflect the point (–a, –b) about the line y  = –x,
then the coordinates of the point will be (b, a). 

 

ANSWER:  
(b,a) 

48. OPEN-ENDED Draw a polygon on the coordinate 
plane that when reflected in the x-axis looks exactly 
like the original figure. 

SOLUTION:  
Reflect over the x-axis. Multiply the y -coordinate of
each vertex by –1.  
(x, y ) → (x, –y ) 
A(–1, 3) → A'(–1, –3) 
B(1, 3) → B'(1, –3) 
C(1, 1) →C'(1, –1) 
D(–1, 1) →D'(–1, –1) 
  
Plot the points. Then connect the vertices, A ', B', 
C',and D' to form the reflected image. 

 

ANSWER:  
Sample answer: 

 

49. CHALLENGE When A(4, 3) is reflected in a line, 

its image is (−1, 0). Find the equation of the line of
reflection. Explain your reasoning. 

SOLUTION:  

The slope of the line connecting the two points is  . 

The Midpoint Formula can be used to find the 

midpoint between the two points, which is . 

Using the point-slope form, the equation of the line is 

y = + 4. (The slope of the bisector is 

 because it is the negative reciprocal of the slope 

 .)
 

 

ANSWER:  

The slope of the line connecting the two points is  . 

The Midpoint Formula can be used to find the 

midpoint between the two points, which is . 

Using the point-slope form, the equation of the line is 

y = + 4. (The slope of the bisector is 

 because it is the negative reciprocal of the slope 

 .)
 

50. PRECISION The image of a point reflected in a 
line is always, sometimes, or never located on the 
other side of the line of reflection. 

SOLUTION:  
Sometimes; if the point in located on the line of 
reflection, then the point will remain in its same 
location. 

 

ANSWER:  
Sometimes; if the point in located on the line of 
reflection, then the point will remain in its same 
location. 

51. WRITING IN MATH Suppose points P, Q, and R 
are collinear, with point Q between points P and R. 
Describe a plan for a proof that the reflection of 
points P, Q, and R in a line preserves collinearity and 
betweenness of points. 

SOLUTION:  
It is given that P, Q, and R are collinear and that Q is
between P and R. These points are reflected in a 
line. We are to show that the image preserves 
collinearity and betweenness of points by showing 
that P', Q', and R' are collinear and that Q' is 
between P' and R'. 
First, construct P, Q, and R collinear with Q between
P  and R. Draw line L, then construct perpendicular 
lines from P, Q, and R to line L.  
  

 
To show that the points are collinear, find and 

compare the slopes of  and  and  and 

. Next, show the betweenness of points. By 
definition, if P'Q' + Q'R' = P'R' then Q' is between P'
and R'.Find and compare the lengths of each 
segment. 

ANSWER:  
Construct P, Q, and R collinear with Q between P 
and R. Draw line L, then construct perpendicular 
lines from P, Q, and R to line L. Show equidistance 
or similarity of slope. 

52. Quadrilateral ABCD has vertices A(1, 2), B(3, 6), C
(7, 6), and D(7, 0). What are the coordinates of C 

under the reflection ? 
  
A  
B  
C  
D  
  

SOLUTION:  
To find the coordinates of C under the reflection 

, find the opposite of the x-
coordinate and keep the y-coordinate the same. 
  

, so the correct answer is 
choice A. 
  

ANSWER:  
A 

53. Amira drew ΔJKL as shown. Then she accurately 
drew the image of ΔJKL under the reflection (x, y) 

→ (y, x) and labeled the image . 

                        

Which of the following statements about  
must be true? 

A  lies entirely in Quadrant I. 

B  lies entirely in Quadrant II. 

C  lies entirely in Quadrant III. 

D  coincides with Δ JKL. 

SOLUTION:  

Determine the coordinates of   by applying 
the rule (x, y) → (y, x) for each vertex of ΔJKL.  

 
Then, graph the coordinates of ΔJ'K'L'. 

         
The correct choice is B, as the entire triangle lies 
within Quadrant II and it does not coincide with 
ΔJKL or the x-axis.  

ANSWER:  
B 

54. Jennifer draws a line and a point P not on the line. 
Then she accurately draws the reflection image of 
point P, which she labels P'. She finds that the 
distance from point P to the line of reflection is 4 

centimeters. What is the length of ? 
  
A 2 cm 
B 4 cm 
C 8 cm 
D 16 cm 

SOLUTION:  
Jennifer draws a line and a point P not on the line. 
Then she accurately draws the reflection image of 
point P, which she labels P'. She finds that the 
distance from point P to the line of reflection is 4 

centimeters. The length of  is twice the distance 
from point P to the line of reflection, because the 
distance from point P' to the line of reflection should 
be the same as from point P to the line of reflection.  
  
2(4 cm) = 8 cm, the correct answer is choice C.   
  

ANSWER:  
C 

55. What is the x-coordinate of the image of the point 

 after a reflection in the line y  = x? 
  
x-coordinate = ___________ 

SOLUTION:  
A reflection in the line y  = x switches the coordinates
of a point, so the x-coordinate after the reflection is 
the same as the y-coordinate before the reflection, 
which is . 

ANSWER:  
 

56. Jamal draws a rectangle with vertices 

  and    and 

then its reflection at   and 

 Describe the transformation using 
coordinate notation. 

SOLUTION:  
A transformation that sends  

   and    to 

   and  keeps the y-
coordinate as is and changes the sign on the x-
coordinate. That is a reflection in the y-axis or a 

transformation of .  
  
  

ANSWER:  

; reflection in the y-axis 

57. The vertices of triangle DEF are D(3, 3), E(2, 0) and
F(6, 1). Afer a reflection in the line y  = x, which of 
the following points lies in the interior of triangle 
D'E'F'?  
A    
B    
C    
D    

SOLUTION:  
First find the vertices of D'E'F'. 
  
A reflection through the line y  = x sends (x, y) to (y, 
x), so the coordinates of the image are D'(3, 3), E'(0, 
2), and F'(1, 6). 
  
Graph the new triangle and test each point, or note 
that only answer choice B is in the same quadrant as 
the image. The correct choice is B.  

ANSWER:  
B 

58. Kyle performs a reflection and finds that every point 
on the x-axis is mapped to itself. Which of the 
following could be Kyle’s reflection? 
A  
B  
C  
D  

SOLUTION:  
For every point in the x-axis to be mapped onto itself,
the image of the x-coordinate must remain the same. 
The correct choice is A, as it is the only one where 
the x-coordinate doesn't change from the preimage to
the image.  

ANSWER:  
A 

59. MULTI-STEP Carlos is using a coordinate plane to 
design a mural. He starts by drawing triangle QRS as
shown. 
  

 
a. Carlos decides to reflect the triangle in the x-axis. 
In which quadrant does the reflection image lie.  
b. Carlos also reflects the triangle so that the image 

of point S is . Write a coordinate rule for 
the reflection Carlos used.  
c. Describe a reflection Carlos can use if he wants 
the image of triangle QRS to intersect the x-axis.  

SOLUTION:  
a. A reflection of a triangle in Quadrant III like this 
one will send all of the points to Quadrant II, because
it makes all of the y-coordinates positive, and does 
not change the x-coordinates. 
b. Since point S is at  the transformation 

that sends it to  is .  
c. Any line that moves the triangle up at least 1 unit 
and no more than 4 units will make the image 
intersect the x-axis. one such line is . 

ANSWER:  
a. Quadrant II 
b.  
c. Sample answer: reflection in the line . 

 

ANSWER:  

 

43. x-axis 

 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
To reflect  over the x-axis, multiply     by –
1. The reflected equation is then  . 

 

ANSWER:  

 

44. MULTIPLE REPRESENTATIONS In this 
problem, you will investigate a reflection in the origin.
a. Geometric Draw in the coordinate plane 
so that each vertex is a whole-number ordered pair. 
b. Graphical Locate each reflected point and 

 so that the reflected point, the original point, and 
the origin are collinear, and both the original point and
the reflected point are equidistant from the origin. 
c. Tabular Copy and complete the table below. 

 
d. Verbal Make a conjecture about the relationship 
between corresponding vertices of a figure reflected 
in the origin. 

SOLUTION:  
a. The vertices of  are A(2, 4), B (4, 5), and C
(3,1). 

 
  
b. We need to find points such that the reflected 
point, the original point, and the origin are collinear, 
and both the original point and the reflected point are 
equidistant from the origin.  
  
To reflect ABC about the origin, multiply both the 
x- and y-coordinates by –1.  
  
(x, y ) → (–x, –y ) 
A(2, 4)→ A'(–2, –4) 
B(4, 5)→ B'(–4, –5) 
C (3, 1) →C' (–3, –1) 
  
Plot the points. Then connect the vertices, A ', B', 
and C' to form the reflected image. 

 
  
c. 

 
  
d. Sample answer: The coordinates of the reflective 
image are the additive inverses of the coordinates of 
the original image. 

ANSWER:  
a. 

 
b. 

 
c. 

 
d. 
Sample answer: The coordinates of the reflective 
image are the additive inverses of the coordinates of 
the original image. 

45. ERROR ANALYSIS Jamil and Ashley are finding 
the coordinates of the image of (2, 3) after a 
reflection in the x-axis. Is either of them correct? 
Explain. 

 

SOLUTION:  
Jamil is correct. When you reflect a point across the 
x-axis, the reflected point is in the same place 
horizontally, but not vertically. When (2, 3) is 
reflected across the x-axis, the coordinates of the 
reflected point are (2, –3) since it is in the same 
location horizontally, but the other side of the x-axis 
vertically. 

 

ANSWER:  
Jamil; sample answer: When you reflect a point 
across the x-axis, the reflected point is in the same 
place horizontally, but not vertically. When (2, 3) is 
reflected across the x-axis, the coordinates of the 
reflected point are (2, –3) since it is in the same 
location horizontally, but the other side of the x-axis 
vertically. 

46. WRITING IN MATH Describe how to reflect a 
figure not on the coordinate plane across a line. 

SOLUTION:  
Draw a line through each vertex of the image that is 
perpendicular to the line of reflection. Next, measure 
the distance from each vertex to the line of 
reflection. 
Locate each vertex the same perpendicular distance 
from the opposite side of the line. Connect each of 
the vertices to form the reflected image. 

 

ANSWER:  
Draw a line through each vertex of the image that is 
perpendicular to the line of reflection. Next, measure 
the distance from each vertex to the line of 
reflection. 
Locate each vertex the same perpendicular distance 
from the opposite side of the line. Connect each of 
the vertices to form the reflected image. 

47. CHALLENGE A point in the second quadrant with
coordinates (–a, b) is reflected in the x-axis. If the 
reflected point is then reflected in the line y  = –x, 
what are the final coordinates of the image? 

SOLUTION:  
The reflection of the point (–a, b) about the x-axis 
will be (–a, –b).  

 
If you reflect the point (–a, –b) about the line y  = –x,
then the coordinates of the point will be (b, a). 

 

ANSWER:  
(b,a) 

48. OPEN-ENDED Draw a polygon on the coordinate 
plane that when reflected in the x-axis looks exactly 
like the original figure. 

SOLUTION:  
Reflect over the x-axis. Multiply the y -coordinate of
each vertex by –1.  
(x, y ) → (x, –y ) 
A(–1, 3) → A'(–1, –3) 
B(1, 3) → B'(1, –3) 
C(1, 1) →C'(1, –1) 
D(–1, 1) →D'(–1, –1) 
  
Plot the points. Then connect the vertices, A ', B', 
C',and D' to form the reflected image. 

 

ANSWER:  
Sample answer: 

 

49. CHALLENGE When A(4, 3) is reflected in a line, 

its image is (−1, 0). Find the equation of the line of
reflection. Explain your reasoning. 

SOLUTION:  

The slope of the line connecting the two points is  . 

The Midpoint Formula can be used to find the 

midpoint between the two points, which is . 

Using the point-slope form, the equation of the line is 

y = + 4. (The slope of the bisector is 

 because it is the negative reciprocal of the slope 

 .)
 

 

ANSWER:  

The slope of the line connecting the two points is  . 

The Midpoint Formula can be used to find the 

midpoint between the two points, which is . 

Using the point-slope form, the equation of the line is 

y = + 4. (The slope of the bisector is 

 because it is the negative reciprocal of the slope 

 .)
 

50. PRECISION The image of a point reflected in a 
line is always, sometimes, or never located on the 
other side of the line of reflection. 

SOLUTION:  
Sometimes; if the point in located on the line of 
reflection, then the point will remain in its same 
location. 

 

ANSWER:  
Sometimes; if the point in located on the line of 
reflection, then the point will remain in its same 
location. 

51. WRITING IN MATH Suppose points P, Q, and R 
are collinear, with point Q between points P and R. 
Describe a plan for a proof that the reflection of 
points P, Q, and R in a line preserves collinearity and 
betweenness of points. 

SOLUTION:  
It is given that P, Q, and R are collinear and that Q is
between P and R. These points are reflected in a 
line. We are to show that the image preserves 
collinearity and betweenness of points by showing 
that P', Q', and R' are collinear and that Q' is 
between P' and R'. 
First, construct P, Q, and R collinear with Q between
P  and R. Draw line L, then construct perpendicular 
lines from P, Q, and R to line L.  
  

 
To show that the points are collinear, find and 

compare the slopes of  and  and  and 

. Next, show the betweenness of points. By 
definition, if P'Q' + Q'R' = P'R' then Q' is between P'
and R'.Find and compare the lengths of each 
segment. 

ANSWER:  
Construct P, Q, and R collinear with Q between P 
and R. Draw line L, then construct perpendicular 
lines from P, Q, and R to line L. Show equidistance 
or similarity of slope. 

52. Quadrilateral ABCD has vertices A(1, 2), B(3, 6), C
(7, 6), and D(7, 0). What are the coordinates of C 

under the reflection ? 
  
A  
B  
C  
D  
  

SOLUTION:  
To find the coordinates of C under the reflection 

, find the opposite of the x-
coordinate and keep the y-coordinate the same. 
  

, so the correct answer is 
choice A. 
  

ANSWER:  
A 

53. Amira drew ΔJKL as shown. Then she accurately 
drew the image of ΔJKL under the reflection (x, y) 

→ (y, x) and labeled the image . 

                        

Which of the following statements about  
must be true? 

A  lies entirely in Quadrant I. 

B  lies entirely in Quadrant II. 

C  lies entirely in Quadrant III. 

D  coincides with Δ JKL. 

SOLUTION:  

Determine the coordinates of   by applying 
the rule (x, y) → (y, x) for each vertex of ΔJKL.  

 
Then, graph the coordinates of ΔJ'K'L'. 

         
The correct choice is B, as the entire triangle lies 
within Quadrant II and it does not coincide with 
ΔJKL or the x-axis.  

ANSWER:  
B 

54. Jennifer draws a line and a point P not on the line. 
Then she accurately draws the reflection image of 
point P, which she labels P'. She finds that the 
distance from point P to the line of reflection is 4 

centimeters. What is the length of ? 
  
A 2 cm 
B 4 cm 
C 8 cm 
D 16 cm 

SOLUTION:  
Jennifer draws a line and a point P not on the line. 
Then she accurately draws the reflection image of 
point P, which she labels P'. She finds that the 
distance from point P to the line of reflection is 4 

centimeters. The length of  is twice the distance 
from point P to the line of reflection, because the 
distance from point P' to the line of reflection should 
be the same as from point P to the line of reflection.  
  
2(4 cm) = 8 cm, the correct answer is choice C.   
  

ANSWER:  
C 

55. What is the x-coordinate of the image of the point 

 after a reflection in the line y  = x? 
  
x-coordinate = ___________ 

SOLUTION:  
A reflection in the line y  = x switches the coordinates
of a point, so the x-coordinate after the reflection is 
the same as the y-coordinate before the reflection, 
which is . 

ANSWER:  
 

56. Jamal draws a rectangle with vertices 

  and    and 

then its reflection at   and 

 Describe the transformation using 
coordinate notation. 

SOLUTION:  
A transformation that sends  

   and    to 

   and  keeps the y-
coordinate as is and changes the sign on the x-
coordinate. That is a reflection in the y-axis or a 

transformation of .  
  
  

ANSWER:  

; reflection in the y-axis 

57. The vertices of triangle DEF are D(3, 3), E(2, 0) and
F(6, 1). Afer a reflection in the line y  = x, which of 
the following points lies in the interior of triangle 
D'E'F'?  
A    
B    
C    
D    

SOLUTION:  
First find the vertices of D'E'F'. 
  
A reflection through the line y  = x sends (x, y) to (y, 
x), so the coordinates of the image are D'(3, 3), E'(0, 
2), and F'(1, 6). 
  
Graph the new triangle and test each point, or note 
that only answer choice B is in the same quadrant as 
the image. The correct choice is B.  

ANSWER:  
B 

58. Kyle performs a reflection and finds that every point 
on the x-axis is mapped to itself. Which of the 
following could be Kyle’s reflection? 
A  
B  
C  
D  

SOLUTION:  
For every point in the x-axis to be mapped onto itself,
the image of the x-coordinate must remain the same. 
The correct choice is A, as it is the only one where 
the x-coordinate doesn't change from the preimage to
the image.  

ANSWER:  
A 

59. MULTI-STEP Carlos is using a coordinate plane to 
design a mural. He starts by drawing triangle QRS as
shown. 
  

 
a. Carlos decides to reflect the triangle in the x-axis. 
In which quadrant does the reflection image lie.  
b. Carlos also reflects the triangle so that the image 

of point S is . Write a coordinate rule for 
the reflection Carlos used.  
c. Describe a reflection Carlos can use if he wants 
the image of triangle QRS to intersect the x-axis.  

SOLUTION:  
a. A reflection of a triangle in Quadrant III like this 
one will send all of the points to Quadrant II, because
it makes all of the y-coordinates positive, and does 
not change the x-coordinates. 
b. Since point S is at  the transformation 

that sends it to  is .  
c. Any line that moves the triangle up at least 1 unit 
and no more than 4 units will make the image 
intersect the x-axis. one such line is . 

ANSWER:  
a. Quadrant II 
b.  
c. Sample answer: reflection in the line . 
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ANSWER:  

 

43. x-axis 

 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
To reflect  over the x-axis, multiply     by –
1. The reflected equation is then  . 

 

ANSWER:  

 

44. MULTIPLE REPRESENTATIONS In this 
problem, you will investigate a reflection in the origin.
a. Geometric Draw in the coordinate plane 
so that each vertex is a whole-number ordered pair. 
b. Graphical Locate each reflected point and 

 so that the reflected point, the original point, and 
the origin are collinear, and both the original point and
the reflected point are equidistant from the origin. 
c. Tabular Copy and complete the table below. 

 
d. Verbal Make a conjecture about the relationship 
between corresponding vertices of a figure reflected 
in the origin. 

SOLUTION:  
a. The vertices of  are A(2, 4), B (4, 5), and C
(3,1). 

 
  
b. We need to find points such that the reflected 
point, the original point, and the origin are collinear, 
and both the original point and the reflected point are 
equidistant from the origin.  
  
To reflect ABC about the origin, multiply both the 
x- and y-coordinates by –1.  
  
(x, y ) → (–x, –y ) 
A(2, 4)→ A'(–2, –4) 
B(4, 5)→ B'(–4, –5) 
C (3, 1) →C' (–3, –1) 
  
Plot the points. Then connect the vertices, A ', B', 
and C' to form the reflected image. 

 
  
c. 

 
  
d. Sample answer: The coordinates of the reflective 
image are the additive inverses of the coordinates of 
the original image. 

ANSWER:  
a. 

 
b. 

 
c. 

 
d. 
Sample answer: The coordinates of the reflective 
image are the additive inverses of the coordinates of 
the original image. 

45. ERROR ANALYSIS Jamil and Ashley are finding 
the coordinates of the image of (2, 3) after a 
reflection in the x-axis. Is either of them correct? 
Explain. 

 

SOLUTION:  
Jamil is correct. When you reflect a point across the 
x-axis, the reflected point is in the same place 
horizontally, but not vertically. When (2, 3) is 
reflected across the x-axis, the coordinates of the 
reflected point are (2, –3) since it is in the same 
location horizontally, but the other side of the x-axis 
vertically. 

 

ANSWER:  
Jamil; sample answer: When you reflect a point 
across the x-axis, the reflected point is in the same 
place horizontally, but not vertically. When (2, 3) is 
reflected across the x-axis, the coordinates of the 
reflected point are (2, –3) since it is in the same 
location horizontally, but the other side of the x-axis 
vertically. 

46. WRITING IN MATH Describe how to reflect a 
figure not on the coordinate plane across a line. 

SOLUTION:  
Draw a line through each vertex of the image that is 
perpendicular to the line of reflection. Next, measure 
the distance from each vertex to the line of 
reflection. 
Locate each vertex the same perpendicular distance 
from the opposite side of the line. Connect each of 
the vertices to form the reflected image. 

 

ANSWER:  
Draw a line through each vertex of the image that is 
perpendicular to the line of reflection. Next, measure 
the distance from each vertex to the line of 
reflection. 
Locate each vertex the same perpendicular distance 
from the opposite side of the line. Connect each of 
the vertices to form the reflected image. 

47. CHALLENGE A point in the second quadrant with
coordinates (–a, b) is reflected in the x-axis. If the 
reflected point is then reflected in the line y  = –x, 
what are the final coordinates of the image? 

SOLUTION:  
The reflection of the point (–a, b) about the x-axis 
will be (–a, –b).  

 
If you reflect the point (–a, –b) about the line y  = –x,
then the coordinates of the point will be (b, a). 

 

ANSWER:  
(b,a) 

48. OPEN-ENDED Draw a polygon on the coordinate 
plane that when reflected in the x-axis looks exactly 
like the original figure. 

SOLUTION:  
Reflect over the x-axis. Multiply the y -coordinate of
each vertex by –1.  
(x, y ) → (x, –y ) 
A(–1, 3) → A'(–1, –3) 
B(1, 3) → B'(1, –3) 
C(1, 1) →C'(1, –1) 
D(–1, 1) →D'(–1, –1) 
  
Plot the points. Then connect the vertices, A ', B', 
C',and D' to form the reflected image. 

 

ANSWER:  
Sample answer: 

 

49. CHALLENGE When A(4, 3) is reflected in a line, 

its image is (−1, 0). Find the equation of the line of
reflection. Explain your reasoning. 

SOLUTION:  

The slope of the line connecting the two points is  . 

The Midpoint Formula can be used to find the 

midpoint between the two points, which is . 

Using the point-slope form, the equation of the line is 

y = + 4. (The slope of the bisector is 

 because it is the negative reciprocal of the slope 

 .)
 

 

ANSWER:  

The slope of the line connecting the two points is  . 

The Midpoint Formula can be used to find the 

midpoint between the two points, which is . 

Using the point-slope form, the equation of the line is 

y = + 4. (The slope of the bisector is 

 because it is the negative reciprocal of the slope 

 .)
 

50. PRECISION The image of a point reflected in a 
line is always, sometimes, or never located on the 
other side of the line of reflection. 

SOLUTION:  
Sometimes; if the point in located on the line of 
reflection, then the point will remain in its same 
location. 

 

ANSWER:  
Sometimes; if the point in located on the line of 
reflection, then the point will remain in its same 
location. 

51. WRITING IN MATH Suppose points P, Q, and R 
are collinear, with point Q between points P and R. 
Describe a plan for a proof that the reflection of 
points P, Q, and R in a line preserves collinearity and 
betweenness of points. 

SOLUTION:  
It is given that P, Q, and R are collinear and that Q is
between P and R. These points are reflected in a 
line. We are to show that the image preserves 
collinearity and betweenness of points by showing 
that P', Q', and R' are collinear and that Q' is 
between P' and R'. 
First, construct P, Q, and R collinear with Q between
P  and R. Draw line L, then construct perpendicular 
lines from P, Q, and R to line L.  
  

 
To show that the points are collinear, find and 

compare the slopes of  and  and  and 

. Next, show the betweenness of points. By 
definition, if P'Q' + Q'R' = P'R' then Q' is between P'
and R'.Find and compare the lengths of each 
segment. 

ANSWER:  
Construct P, Q, and R collinear with Q between P 
and R. Draw line L, then construct perpendicular 
lines from P, Q, and R to line L. Show equidistance 
or similarity of slope. 

52. Quadrilateral ABCD has vertices A(1, 2), B(3, 6), C
(7, 6), and D(7, 0). What are the coordinates of C 

under the reflection ? 
  
A  
B  
C  
D  
  

SOLUTION:  
To find the coordinates of C under the reflection 

, find the opposite of the x-
coordinate and keep the y-coordinate the same. 
  

, so the correct answer is 
choice A. 
  

ANSWER:  
A 

53. Amira drew ΔJKL as shown. Then she accurately 
drew the image of ΔJKL under the reflection (x, y) 

→ (y, x) and labeled the image . 

                        

Which of the following statements about  
must be true? 

A  lies entirely in Quadrant I. 

B  lies entirely in Quadrant II. 

C  lies entirely in Quadrant III. 

D  coincides with Δ JKL. 

SOLUTION:  

Determine the coordinates of   by applying 
the rule (x, y) → (y, x) for each vertex of ΔJKL.  

 
Then, graph the coordinates of ΔJ'K'L'. 

         
The correct choice is B, as the entire triangle lies 
within Quadrant II and it does not coincide with 
ΔJKL or the x-axis.  

ANSWER:  
B 

54. Jennifer draws a line and a point P not on the line. 
Then she accurately draws the reflection image of 
point P, which she labels P'. She finds that the 
distance from point P to the line of reflection is 4 

centimeters. What is the length of ? 
  
A 2 cm 
B 4 cm 
C 8 cm 
D 16 cm 

SOLUTION:  
Jennifer draws a line and a point P not on the line. 
Then she accurately draws the reflection image of 
point P, which she labels P'. She finds that the 
distance from point P to the line of reflection is 4 

centimeters. The length of  is twice the distance 
from point P to the line of reflection, because the 
distance from point P' to the line of reflection should 
be the same as from point P to the line of reflection.  
  
2(4 cm) = 8 cm, the correct answer is choice C.   
  

ANSWER:  
C 

55. What is the x-coordinate of the image of the point 

 after a reflection in the line y  = x? 
  
x-coordinate = ___________ 

SOLUTION:  
A reflection in the line y  = x switches the coordinates
of a point, so the x-coordinate after the reflection is 
the same as the y-coordinate before the reflection, 
which is . 

ANSWER:  
 

56. Jamal draws a rectangle with vertices 

  and    and 

then its reflection at   and 

 Describe the transformation using 
coordinate notation. 

SOLUTION:  
A transformation that sends  

   and    to 

   and  keeps the y-
coordinate as is and changes the sign on the x-
coordinate. That is a reflection in the y-axis or a 

transformation of .  
  
  

ANSWER:  

; reflection in the y-axis 

57. The vertices of triangle DEF are D(3, 3), E(2, 0) and
F(6, 1). Afer a reflection in the line y  = x, which of 
the following points lies in the interior of triangle 
D'E'F'?  
A    
B    
C    
D    

SOLUTION:  
First find the vertices of D'E'F'. 
  
A reflection through the line y  = x sends (x, y) to (y, 
x), so the coordinates of the image are D'(3, 3), E'(0, 
2), and F'(1, 6). 
  
Graph the new triangle and test each point, or note 
that only answer choice B is in the same quadrant as 
the image. The correct choice is B.  

ANSWER:  
B 

58. Kyle performs a reflection and finds that every point 
on the x-axis is mapped to itself. Which of the 
following could be Kyle’s reflection? 
A  
B  
C  
D  

SOLUTION:  
For every point in the x-axis to be mapped onto itself,
the image of the x-coordinate must remain the same. 
The correct choice is A, as it is the only one where 
the x-coordinate doesn't change from the preimage to
the image.  

ANSWER:  
A 

59. MULTI-STEP Carlos is using a coordinate plane to 
design a mural. He starts by drawing triangle QRS as
shown. 
  

 
a. Carlos decides to reflect the triangle in the x-axis. 
In which quadrant does the reflection image lie.  
b. Carlos also reflects the triangle so that the image 

of point S is . Write a coordinate rule for 
the reflection Carlos used.  
c. Describe a reflection Carlos can use if he wants 
the image of triangle QRS to intersect the x-axis.  

SOLUTION:  
a. A reflection of a triangle in Quadrant III like this 
one will send all of the points to Quadrant II, because
it makes all of the y-coordinates positive, and does 
not change the x-coordinates. 
b. Since point S is at  the transformation 

that sends it to  is .  
c. Any line that moves the triangle up at least 1 unit 
and no more than 4 units will make the image 
intersect the x-axis. one such line is . 

ANSWER:  
a. Quadrant II 
b.  
c. Sample answer: reflection in the line . 

 

ANSWER:  

 

43. x-axis 

 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
To reflect  over the x-axis, multiply     by –
1. The reflected equation is then  . 

 

ANSWER:  

 

44. MULTIPLE REPRESENTATIONS In this 
problem, you will investigate a reflection in the origin.
a. Geometric Draw in the coordinate plane 
so that each vertex is a whole-number ordered pair. 
b. Graphical Locate each reflected point and 

 so that the reflected point, the original point, and 
the origin are collinear, and both the original point and
the reflected point are equidistant from the origin. 
c. Tabular Copy and complete the table below. 

 
d. Verbal Make a conjecture about the relationship 
between corresponding vertices of a figure reflected 
in the origin. 

SOLUTION:  
a. The vertices of  are A(2, 4), B (4, 5), and C
(3,1). 

 
  
b. We need to find points such that the reflected 
point, the original point, and the origin are collinear, 
and both the original point and the reflected point are 
equidistant from the origin.  
  
To reflect ABC about the origin, multiply both the 
x- and y-coordinates by –1.  
  
(x, y ) → (–x, –y ) 
A(2, 4)→ A'(–2, –4) 
B(4, 5)→ B'(–4, –5) 
C (3, 1) →C' (–3, –1) 
  
Plot the points. Then connect the vertices, A ', B', 
and C' to form the reflected image. 

 
  
c. 

 
  
d. Sample answer: The coordinates of the reflective 
image are the additive inverses of the coordinates of 
the original image. 

ANSWER:  
a. 

 
b. 

 
c. 

 
d. 
Sample answer: The coordinates of the reflective 
image are the additive inverses of the coordinates of 
the original image. 

45. ERROR ANALYSIS Jamil and Ashley are finding 
the coordinates of the image of (2, 3) after a 
reflection in the x-axis. Is either of them correct? 
Explain. 

 

SOLUTION:  
Jamil is correct. When you reflect a point across the 
x-axis, the reflected point is in the same place 
horizontally, but not vertically. When (2, 3) is 
reflected across the x-axis, the coordinates of the 
reflected point are (2, –3) since it is in the same 
location horizontally, but the other side of the x-axis 
vertically. 

 

ANSWER:  
Jamil; sample answer: When you reflect a point 
across the x-axis, the reflected point is in the same 
place horizontally, but not vertically. When (2, 3) is 
reflected across the x-axis, the coordinates of the 
reflected point are (2, –3) since it is in the same 
location horizontally, but the other side of the x-axis 
vertically. 

46. WRITING IN MATH Describe how to reflect a 
figure not on the coordinate plane across a line. 

SOLUTION:  
Draw a line through each vertex of the image that is 
perpendicular to the line of reflection. Next, measure 
the distance from each vertex to the line of 
reflection. 
Locate each vertex the same perpendicular distance 
from the opposite side of the line. Connect each of 
the vertices to form the reflected image. 

 

ANSWER:  
Draw a line through each vertex of the image that is 
perpendicular to the line of reflection. Next, measure 
the distance from each vertex to the line of 
reflection. 
Locate each vertex the same perpendicular distance 
from the opposite side of the line. Connect each of 
the vertices to form the reflected image. 

47. CHALLENGE A point in the second quadrant with
coordinates (–a, b) is reflected in the x-axis. If the 
reflected point is then reflected in the line y  = –x, 
what are the final coordinates of the image? 

SOLUTION:  
The reflection of the point (–a, b) about the x-axis 
will be (–a, –b).  

 
If you reflect the point (–a, –b) about the line y  = –x,
then the coordinates of the point will be (b, a). 

 

ANSWER:  
(b,a) 

48. OPEN-ENDED Draw a polygon on the coordinate 
plane that when reflected in the x-axis looks exactly 
like the original figure. 

SOLUTION:  
Reflect over the x-axis. Multiply the y -coordinate of
each vertex by –1.  
(x, y ) → (x, –y ) 
A(–1, 3) → A'(–1, –3) 
B(1, 3) → B'(1, –3) 
C(1, 1) →C'(1, –1) 
D(–1, 1) →D'(–1, –1) 
  
Plot the points. Then connect the vertices, A ', B', 
C',and D' to form the reflected image. 

 

ANSWER:  
Sample answer: 

 

49. CHALLENGE When A(4, 3) is reflected in a line, 

its image is (−1, 0). Find the equation of the line of
reflection. Explain your reasoning. 

SOLUTION:  

The slope of the line connecting the two points is  . 

The Midpoint Formula can be used to find the 

midpoint between the two points, which is . 

Using the point-slope form, the equation of the line is 

y = + 4. (The slope of the bisector is 

 because it is the negative reciprocal of the slope 

 .)
 

 

ANSWER:  

The slope of the line connecting the two points is  . 

The Midpoint Formula can be used to find the 

midpoint between the two points, which is . 

Using the point-slope form, the equation of the line is 

y = + 4. (The slope of the bisector is 

 because it is the negative reciprocal of the slope 

 .)
 

50. PRECISION The image of a point reflected in a 
line is always, sometimes, or never located on the 
other side of the line of reflection. 

SOLUTION:  
Sometimes; if the point in located on the line of 
reflection, then the point will remain in its same 
location. 

 

ANSWER:  
Sometimes; if the point in located on the line of 
reflection, then the point will remain in its same 
location. 

51. WRITING IN MATH Suppose points P, Q, and R 
are collinear, with point Q between points P and R. 
Describe a plan for a proof that the reflection of 
points P, Q, and R in a line preserves collinearity and 
betweenness of points. 

SOLUTION:  
It is given that P, Q, and R are collinear and that Q is
between P and R. These points are reflected in a 
line. We are to show that the image preserves 
collinearity and betweenness of points by showing 
that P', Q', and R' are collinear and that Q' is 
between P' and R'. 
First, construct P, Q, and R collinear with Q between
P  and R. Draw line L, then construct perpendicular 
lines from P, Q, and R to line L.  
  

 
To show that the points are collinear, find and 

compare the slopes of  and  and  and 

. Next, show the betweenness of points. By 
definition, if P'Q' + Q'R' = P'R' then Q' is between P'
and R'.Find and compare the lengths of each 
segment. 

ANSWER:  
Construct P, Q, and R collinear with Q between P 
and R. Draw line L, then construct perpendicular 
lines from P, Q, and R to line L. Show equidistance 
or similarity of slope. 

52. Quadrilateral ABCD has vertices A(1, 2), B(3, 6), C
(7, 6), and D(7, 0). What are the coordinates of C 

under the reflection ? 
  
A  
B  
C  
D  
  

SOLUTION:  
To find the coordinates of C under the reflection 

, find the opposite of the x-
coordinate and keep the y-coordinate the same. 
  

, so the correct answer is 
choice A. 
  

ANSWER:  
A 

53. Amira drew ΔJKL as shown. Then she accurately 
drew the image of ΔJKL under the reflection (x, y) 

→ (y, x) and labeled the image . 

                        

Which of the following statements about  
must be true? 

A  lies entirely in Quadrant I. 

B  lies entirely in Quadrant II. 

C  lies entirely in Quadrant III. 

D  coincides with Δ JKL. 

SOLUTION:  

Determine the coordinates of   by applying 
the rule (x, y) → (y, x) for each vertex of ΔJKL.  

 
Then, graph the coordinates of ΔJ'K'L'. 

         
The correct choice is B, as the entire triangle lies 
within Quadrant II and it does not coincide with 
ΔJKL or the x-axis.  

ANSWER:  
B 

54. Jennifer draws a line and a point P not on the line. 
Then she accurately draws the reflection image of 
point P, which she labels P'. She finds that the 
distance from point P to the line of reflection is 4 

centimeters. What is the length of ? 
  
A 2 cm 
B 4 cm 
C 8 cm 
D 16 cm 

SOLUTION:  
Jennifer draws a line and a point P not on the line. 
Then she accurately draws the reflection image of 
point P, which she labels P'. She finds that the 
distance from point P to the line of reflection is 4 

centimeters. The length of  is twice the distance 
from point P to the line of reflection, because the 
distance from point P' to the line of reflection should 
be the same as from point P to the line of reflection.  
  
2(4 cm) = 8 cm, the correct answer is choice C.   
  

ANSWER:  
C 

55. What is the x-coordinate of the image of the point 

 after a reflection in the line y  = x? 
  
x-coordinate = ___________ 

SOLUTION:  
A reflection in the line y  = x switches the coordinates
of a point, so the x-coordinate after the reflection is 
the same as the y-coordinate before the reflection, 
which is . 

ANSWER:  
 

56. Jamal draws a rectangle with vertices 

  and    and 

then its reflection at   and 

 Describe the transformation using 
coordinate notation. 

SOLUTION:  
A transformation that sends  

   and    to 

   and  keeps the y-
coordinate as is and changes the sign on the x-
coordinate. That is a reflection in the y-axis or a 

transformation of .  
  
  

ANSWER:  

; reflection in the y-axis 

57. The vertices of triangle DEF are D(3, 3), E(2, 0) and
F(6, 1). Afer a reflection in the line y  = x, which of 
the following points lies in the interior of triangle 
D'E'F'?  
A    
B    
C    
D    

SOLUTION:  
First find the vertices of D'E'F'. 
  
A reflection through the line y  = x sends (x, y) to (y, 
x), so the coordinates of the image are D'(3, 3), E'(0, 
2), and F'(1, 6). 
  
Graph the new triangle and test each point, or note 
that only answer choice B is in the same quadrant as 
the image. The correct choice is B.  

ANSWER:  
B 

58. Kyle performs a reflection and finds that every point 
on the x-axis is mapped to itself. Which of the 
following could be Kyle’s reflection? 
A  
B  
C  
D  

SOLUTION:  
For every point in the x-axis to be mapped onto itself,
the image of the x-coordinate must remain the same. 
The correct choice is A, as it is the only one where 
the x-coordinate doesn't change from the preimage to
the image.  

ANSWER:  
A 

59. MULTI-STEP Carlos is using a coordinate plane to 
design a mural. He starts by drawing triangle QRS as
shown. 
  

 
a. Carlos decides to reflect the triangle in the x-axis. 
In which quadrant does the reflection image lie.  
b. Carlos also reflects the triangle so that the image 

of point S is . Write a coordinate rule for 
the reflection Carlos used.  
c. Describe a reflection Carlos can use if he wants 
the image of triangle QRS to intersect the x-axis.  

SOLUTION:  
a. A reflection of a triangle in Quadrant III like this 
one will send all of the points to Quadrant II, because
it makes all of the y-coordinates positive, and does 
not change the x-coordinates. 
b. Since point S is at  the transformation 

that sends it to  is .  
c. Any line that moves the triangle up at least 1 unit 
and no more than 4 units will make the image 
intersect the x-axis. one such line is . 

ANSWER:  
a. Quadrant II 
b.  
c. Sample answer: reflection in the line . 
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ANSWER:  

 

43. x-axis 

 

SOLUTION:  
To reflect over the x-axis, multiply the y -coordinate 
of each vertex by –1.  
  
To reflect  over the x-axis, multiply     by –
1. The reflected equation is then  . 

 

ANSWER:  

 

44. MULTIPLE REPRESENTATIONS In this 
problem, you will investigate a reflection in the origin.
a. Geometric Draw in the coordinate plane 
so that each vertex is a whole-number ordered pair. 
b. Graphical Locate each reflected point and 

 so that the reflected point, the original point, and 
the origin are collinear, and both the original point and
the reflected point are equidistant from the origin. 
c. Tabular Copy and complete the table below. 

 
d. Verbal Make a conjecture about the relationship 
between corresponding vertices of a figure reflected 
in the origin. 

SOLUTION:  
a. The vertices of  are A(2, 4), B (4, 5), and C
(3,1). 

 
  
b. We need to find points such that the reflected 
point, the original point, and the origin are collinear, 
and both the original point and the reflected point are 
equidistant from the origin.  
  
To reflect ABC about the origin, multiply both the 
x- and y-coordinates by –1.  
  
(x, y ) → (–x, –y ) 
A(2, 4)→ A'(–2, –4) 
B(4, 5)→ B'(–4, –5) 
C (3, 1) →C' (–3, –1) 
  
Plot the points. Then connect the vertices, A ', B', 
and C' to form the reflected image. 

 
  
c. 

 
  
d. Sample answer: The coordinates of the reflective 
image are the additive inverses of the coordinates of 
the original image. 

ANSWER:  
a. 

 
b. 

 
c. 

 
d. 
Sample answer: The coordinates of the reflective 
image are the additive inverses of the coordinates of 
the original image. 

45. ERROR ANALYSIS Jamil and Ashley are finding 
the coordinates of the image of (2, 3) after a 
reflection in the x-axis. Is either of them correct? 
Explain. 

 

SOLUTION:  
Jamil is correct. When you reflect a point across the 
x-axis, the reflected point is in the same place 
horizontally, but not vertically. When (2, 3) is 
reflected across the x-axis, the coordinates of the 
reflected point are (2, –3) since it is in the same 
location horizontally, but the other side of the x-axis 
vertically. 

 

ANSWER:  
Jamil; sample answer: When you reflect a point 
across the x-axis, the reflected point is in the same 
place horizontally, but not vertically. When (2, 3) is 
reflected across the x-axis, the coordinates of the 
reflected point are (2, –3) since it is in the same 
location horizontally, but the other side of the x-axis 
vertically. 

46. WRITING IN MATH Describe how to reflect a 
figure not on the coordinate plane across a line. 

SOLUTION:  
Draw a line through each vertex of the image that is 
perpendicular to the line of reflection. Next, measure 
the distance from each vertex to the line of 
reflection. 
Locate each vertex the same perpendicular distance 
from the opposite side of the line. Connect each of 
the vertices to form the reflected image. 

 

ANSWER:  
Draw a line through each vertex of the image that is 
perpendicular to the line of reflection. Next, measure 
the distance from each vertex to the line of 
reflection. 
Locate each vertex the same perpendicular distance 
from the opposite side of the line. Connect each of 
the vertices to form the reflected image. 

47. CHALLENGE A point in the second quadrant with
coordinates (–a, b) is reflected in the x-axis. If the 
reflected point is then reflected in the line y  = –x, 
what are the final coordinates of the image? 

SOLUTION:  
The reflection of the point (–a, b) about the x-axis 
will be (–a, –b).  

 
If you reflect the point (–a, –b) about the line y  = –x,
then the coordinates of the point will be (b, a). 

 

ANSWER:  
(b,a) 

48. OPEN-ENDED Draw a polygon on the coordinate 
plane that when reflected in the x-axis looks exactly 
like the original figure. 

SOLUTION:  
Reflect over the x-axis. Multiply the y -coordinate of
each vertex by –1.  
(x, y ) → (x, –y ) 
A(–1, 3) → A'(–1, –3) 
B(1, 3) → B'(1, –3) 
C(1, 1) →C'(1, –1) 
D(–1, 1) →D'(–1, –1) 
  
Plot the points. Then connect the vertices, A ', B', 
C',and D' to form the reflected image. 

 

ANSWER:  
Sample answer: 

 

49. CHALLENGE When A(4, 3) is reflected in a line, 

its image is (−1, 0). Find the equation of the line of
reflection. Explain your reasoning. 

SOLUTION:  

The slope of the line connecting the two points is  . 

The Midpoint Formula can be used to find the 

midpoint between the two points, which is . 

Using the point-slope form, the equation of the line is 

y = + 4. (The slope of the bisector is 

 because it is the negative reciprocal of the slope 

 .)
 

 

ANSWER:  

The slope of the line connecting the two points is  . 

The Midpoint Formula can be used to find the 

midpoint between the two points, which is . 

Using the point-slope form, the equation of the line is 

y = + 4. (The slope of the bisector is 

 because it is the negative reciprocal of the slope 

 .)
 

50. PRECISION The image of a point reflected in a 
line is always, sometimes, or never located on the 
other side of the line of reflection. 

SOLUTION:  
Sometimes; if the point in located on the line of 
reflection, then the point will remain in its same 
location. 

 

ANSWER:  
Sometimes; if the point in located on the line of 
reflection, then the point will remain in its same 
location. 

51. WRITING IN MATH Suppose points P, Q, and R 
are collinear, with point Q between points P and R. 
Describe a plan for a proof that the reflection of 
points P, Q, and R in a line preserves collinearity and 
betweenness of points. 

SOLUTION:  
It is given that P, Q, and R are collinear and that Q is
between P and R. These points are reflected in a 
line. We are to show that the image preserves 
collinearity and betweenness of points by showing 
that P', Q', and R' are collinear and that Q' is 
between P' and R'. 
First, construct P, Q, and R collinear with Q between
P  and R. Draw line L, then construct perpendicular 
lines from P, Q, and R to line L.  
  

 
To show that the points are collinear, find and 

compare the slopes of  and  and  and 

. Next, show the betweenness of points. By 
definition, if P'Q' + Q'R' = P'R' then Q' is between P'
and R'.Find and compare the lengths of each 
segment. 

ANSWER:  
Construct P, Q, and R collinear with Q between P 
and R. Draw line L, then construct perpendicular 
lines from P, Q, and R to line L. Show equidistance 
or similarity of slope. 

52. Quadrilateral ABCD has vertices A(1, 2), B(3, 6), C
(7, 6), and D(7, 0). What are the coordinates of C 

under the reflection ? 
  
A  
B  
C  
D  
  

SOLUTION:  
To find the coordinates of C under the reflection 

, find the opposite of the x-
coordinate and keep the y-coordinate the same. 
  

, so the correct answer is 
choice A. 
  

ANSWER:  
A 

53. Amira drew ΔJKL as shown. Then she accurately 
drew the image of ΔJKL under the reflection (x, y) 

→ (y, x) and labeled the image . 

                        

Which of the following statements about  
must be true? 

A  lies entirely in Quadrant I. 

B  lies entirely in Quadrant II. 

C  lies entirely in Quadrant III. 

D  coincides with Δ JKL. 

SOLUTION:  

Determine the coordinates of   by applying 
the rule (x, y) → (y, x) for each vertex of ΔJKL.  

 
Then, graph the coordinates of ΔJ'K'L'. 

         
The correct choice is B, as the entire triangle lies 
within Quadrant II and it does not coincide with 
ΔJKL or the x-axis.  

ANSWER:  
B 

54. Jennifer draws a line and a point P not on the line. 
Then she accurately draws the reflection image of 
point P, which she labels P'. She finds that the 
distance from point P to the line of reflection is 4 

centimeters. What is the length of ? 
  
A 2 cm 
B 4 cm 
C 8 cm 
D 16 cm 

SOLUTION:  
Jennifer draws a line and a point P not on the line. 
Then she accurately draws the reflection image of 
point P, which she labels P'. She finds that the 
distance from point P to the line of reflection is 4 

centimeters. The length of  is twice the distance 
from point P to the line of reflection, because the 
distance from point P' to the line of reflection should 
be the same as from point P to the line of reflection.  
  
2(4 cm) = 8 cm, the correct answer is choice C.   
  

ANSWER:  
C 

55. What is the x-coordinate of the image of the point 

 after a reflection in the line y  = x? 
  
x-coordinate = ___________ 

SOLUTION:  
A reflection in the line y  = x switches the coordinates
of a point, so the x-coordinate after the reflection is 
the same as the y-coordinate before the reflection, 
which is . 

ANSWER:  
 

56. Jamal draws a rectangle with vertices 

  and    and 

then its reflection at   and 

 Describe the transformation using 
coordinate notation. 

SOLUTION:  
A transformation that sends  

   and    to 

   and  keeps the y-
coordinate as is and changes the sign on the x-
coordinate. That is a reflection in the y-axis or a 

transformation of .  
  
  

ANSWER:  

; reflection in the y-axis 

57. The vertices of triangle DEF are D(3, 3), E(2, 0) and
F(6, 1). Afer a reflection in the line y  = x, which of 
the following points lies in the interior of triangle 
D'E'F'?  
A    
B    
C    
D    

SOLUTION:  
First find the vertices of D'E'F'. 
  
A reflection through the line y  = x sends (x, y) to (y, 
x), so the coordinates of the image are D'(3, 3), E'(0, 
2), and F'(1, 6). 
  
Graph the new triangle and test each point, or note 
that only answer choice B is in the same quadrant as 
the image. The correct choice is B.  

ANSWER:  
B 

58. Kyle performs a reflection and finds that every point 
on the x-axis is mapped to itself. Which of the 
following could be Kyle’s reflection? 
A  
B  
C  
D  

SOLUTION:  
For every point in the x-axis to be mapped onto itself,
the image of the x-coordinate must remain the same. 
The correct choice is A, as it is the only one where 
the x-coordinate doesn't change from the preimage to
the image.  

ANSWER:  
A 

59. MULTI-STEP Carlos is using a coordinate plane to 
design a mural. He starts by drawing triangle QRS as
shown. 
  

 
a. Carlos decides to reflect the triangle in the x-axis. 
In which quadrant does the reflection image lie.  
b. Carlos also reflects the triangle so that the image 

of point S is . Write a coordinate rule for 
the reflection Carlos used.  
c. Describe a reflection Carlos can use if he wants 
the image of triangle QRS to intersect the x-axis.  

SOLUTION:  
a. A reflection of a triangle in Quadrant III like this 
one will send all of the points to Quadrant II, because
it makes all of the y-coordinates positive, and does 
not change the x-coordinates. 
b. Since point S is at  the transformation 

that sends it to  is .  
c. Any line that moves the triangle up at least 1 unit 
and no more than 4 units will make the image 
intersect the x-axis. one such line is . 

ANSWER:  
a. Quadrant II 
b.  
c. Sample answer: reflection in the line . 
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