
Copy the figure and the given translation 
vector. Then draw the translation of the figure 
along the translation vector. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point B' by marking off this distance along the line 
through vertex B, starting at B and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points C' and D'. 
Then connect vertices B', C', and D' to form the 
translated image. 
  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point W' by marking off this distance along the line 
through vertex W, starting at W and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect vertices W', X ', Y' and Z' to form 
the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

4. trapezoid JKLM with vertices J(2, 4), K(1, 1), L(5, 1)

and M (4, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(2 + 7, 4 + 1), K’(1 + 7, 1 + 1), L’(5 +
7, 1 + 1) and M ’(4 + 7, 4 + 1). 

 

ANSWER:  

 

5.  with vertices D(–8, 8), F(–10, 4), and G(–7, 

6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are D’(–8 + 5, 8 – 2), F’(–10 + 5, 4 – 2), and
G’(–7 + 5, 6 – 2). 

 

ANSWER:  

 

6. parallelogram WXYZ with vertices W(–6, –5), X(–2, –
5), Y(–1, –8), and Z(–5, –8); 

 

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–6 – 1, –5 + 4), X’(–2 – 1, –5 
+ 4), Y’(–1 – 1, –8 + 4), and Z’(–5 – 1, –8 + 4). 
  

   

ANSWER:  

 

7. VIDEO GAMES The object of the video game 
shown is to manipulate the colored tiles left or right 
as they fall from the top of the screen to completely 
fill each row without leaving empty spaces. If the 
starting position of the tile piece at the top of the 
screen is (x, y), use function notation to describe the 
translation that will fill the indicated row. 

 

SOLUTION:  
There is only one block space for the row to be 
complete. For the object to fit in the place, it should 
be moved 3 places right and 5 places down. So, the 

translation vector should be  

Therefore, the translation is  

ANSWER:  
 

TOOLS  Copy the figure and the given 
translation vector. Then draw the translation of 
the figure along the translation vector. 

8.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point J' by marking off this distance along the line 
through vertex J, starting at J and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect vertices J', K',  L', and M' to form
the translated image. 

 

ANSWER:  

 

9.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point A ' by marking off this distance along the line 
through vertex A , starting at A  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points B' and C'. 
Then connect vertices A ', B', and C' to form the 
translated image. 

 

ANSWER:  

 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
  
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point X ' by marking off this distance along the line 
through vertex X , starting at X  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect vertices X ', Y', and Z' to form the 
translated image. 

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point D' by marking off this distance along the line 
through vertex D, starting at D and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect vertices D', F', G' and H' to form 
the translated image. 

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point V' by marking off this distance along the line 
through vertex V, starting at V and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect vertices V', W', X ', Y' and Z' 
to form the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

14.  with vertices A(1, 6), B(3, 2), and C(4, 

7);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are A’(1 + 4, 6 – 1), B’(3 + 4, 2 – 1), and 
C’(4 + 4, 7 – 1). 

 

ANSWER:  

 

15.  with vertices M (4, –5), N(5, –8), and P(8, –
6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are M ’(4 – 2, –5 + 5), N’(5 – 2, –8 + 5), and 
P’(8 – , –6 + 5). 

 

ANSWER:  

 

16. rectangle QRST with vertices Q(–8, 4), R(–8, 2), S(–
3, 2), and T(–3, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
rectangle are Q’(–8 + 2, 4 + 3), R’(–8 + 2, 2 + 3), 
S’(–3 + 2, 2 + 3), and T’(–3 + 2, 4 + 3). 

 

ANSWER:  

 

17. quadrilateral FGHJ with vertices F(–4, –2), G(–1, –
1), H(0, –4), and J(–3, –6);  

SOLUTION:  
The coordinates of the vertices of the translated 
quadrilateral are F’(–4 – 5, –2 – 2), G’(–1 – 5, –1 – 
2), H’(0 – 5, –4 – 2), and J’(–3 – 5, –6 – 2). 

 

ANSWER:  

 

18.  with vertices W(–3, –1), X(1, –1), Y(2, –4), 

and Z(–2, –4);  

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–3 – 3, –1 + 4), X’(1 – 3, –1 + 
4), Y’(2 – 3, –4 + 4), and Z’(–2 – 3, –4 + 4). 

 

ANSWER:  

 

19. trapezoid JKLM with vertices J(–4, –2), K(–1, –2), L

(0, –5), and M (–5, –5);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(–4 + 6, –2 + 5), K’(–1 + 6, –2 + 5), 
L’(0 + 6, –5 + 5), and M ’(–5 + 6, –5 + 5). 

 

ANSWER:  

 

20. PROBLEM SOLVING Brittany’s neighborhood is 
shown on the grid at the right. 

 
a. If she leaves home and travels 4 blocks north and 
3 blocks east, what is her new location? 
b. Use words to describe two possible translations 
that will take Brittany home from school. 

SOLUTION:  
a. Since the north side is marked upwards, travelling 
4 blocks north and 3 blocks east means moving 4 
blocks up and 3 blocks right. The point 4 blocks up 
and 3 blocks right to the home is the library. 
Therefore, her new location will be the library. 
b. The resultant vector must be . Any 
combination of vectors that form this resultant vector
will be satisfactory. 
  
 She can go west 5 blocks and then south 1 block, or 
she can go south 1 block and then west 5 blocks to 
reach the school. 

ANSWER:  
a. Library 
b. Sample answer: She can go west 5 blocks and 
then south 1 block, or she can go south 1 block and 
then west 5 blocks. 

21. FOOTBALL A wide receiver starts from his 15-
yard line on the right hash mark and runs a route that
takes him 12 yards to the left and down field for a 
gain of 17 yards. Write a translation vector to 
describe the receiver’s route. 

 

SOLUTION:  
The receiver starts on the right hash of the 15-yard 
line and moves 12 yards left and then 17 yards down 
field, or upwards as shown in the diagram.  

 
So, a translation vector that represents the receiver's 

route would be    

ANSWER:  
 

22. MULTI-STEP Each type of chess piece has a rule
for how it can be moved. A knight can move two 
squares horizontally and then one square vertically, 
or two squares vertically and one square 
horizontally. The bishop can only move diagonally. 
When a chess piece moves to a space that is 
occupied by an opponent’s piece, it is attacking that
piece. 

                            
a. What is the maximum number of knights that 
could be placed on an 8 by 8 chessboard so that 
none of the pieces can attack each other? What is 
the maximum number of bishops?  
b. Explain your solution process.  

SOLUTION:  
a-b.  I began by analyzing the movements of a single
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. Therefore,  is the 
maximum number of knight on an 8 by 8 
chessboard so that none can attack each other.  
      The bishops can move diagonally in any 
direction. I began by filling the entire first row of the 
chessboard with bishops. I crossed off all of the 
squares that could no longer be occupied by 
another bishop. From the remaining spaces 
available, you can fit the most bishops along the last 
row. Because the first and last square on the row 
can be attacked by a bishop on the opposite side of
the board, there are only 6 spaces available. So, 14
bishops can occupy a chessboard without being 
able to attack one another. 

 

ANSWER:  
a.  32; 14 
b. I began by analyzing the movements of a single 
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. The bishops can move 
diagonally in any direction. I began by filling the 
entire first row of the chessboard with bishops. I 
crossed off all of the squares that could no longer 
be occupied by another bishop. From the remaining
spaces available, you can fit the most bishops along 
the last row. Because the first and last square on the
row can be attacked by a bishop on the opposite 
side of the board, there are only 6 spaces available. 
So, 14 bishops can occupy a chessboard without 
being able to attack one another. 

Write each translation vector that maps the 
blue preimage to the green image. 

23.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue triangle is at (–2, 4). The top vertex of the green
triangle is at (1, –1), Subtract the coordinates. 
  
1 – (–2) = 3 
–1 – 4 = –5 
  
The triangle has been translated 3 units right and 5 

units down. So, the translation vector is  

ANSWER:  
 

24.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue pentagon is at (2, 0). The top vertex of the green
pentagon is at (–4, 4), Subtract the coordinates. 
  
–4 – (2) = –6 
4 – 0 = 4 
  
The pentagon has been translated 6 units left and 4 

units up. So, the translation vector is  

ANSWER:  
 

25. CONCERTS Dexter’s family buys tickets every 
year for a concert. Last year they were in seats C3, 
C4, C5, and C6. This year, they will be in seats D16, 
D17, D18, and D19. Write a translation in words and 
using vector notation that can be used to describe the
change in their seating. 

 

SOLUTION:  
Pick a seat from the new row and compare it to the 
corresponding seat in the previous row. The seat 
D16 is 13 seats right and 1 row back to C3. 
Therefore, the translation vector can be represented 

as  

ANSWER:  
They move to the right 13 seats and back one row; 

 

SENSE-MAKING Graph the translation of each
function along the given vector. Then write the 
equation of the translated image. 

26.   

 

SOLUTION:  

The translation of translates each point of 

 4 units right and 1 unit up. Thus,  the vertex 
of (0, 0) will translate to (4, 1). (1, 1) translates to (5, 
2) and (–1, 1) translates to (3, 2), etc. 
  

 
The equation for the translated function is y  = (x – 4)
2
 + 1. 

ANSWER:  

 
y = (x – 4)

2
 + 1 

27.   

 

SOLUTION:  

The translation of    translates each point of 

 2 units left. Thus,  the intercept of (0, 0) 
will translate to (–2, 0). (1, –1) translates to (–1, –1) 
and (–1, 1) translates to (–3, 1), etc. 
  

 
The equation of the translated function is y  = –(x + 

2)
3. 

ANSWER:  

 
y = –(x + 2)

3 

28. ROLLER COASTERS The length of the roller 
coaster track from the top of a hill to the bottom of 
the hill is 125 feet at a 53° angle with the vertical. If 
the position at the top of the hill is (x, y), use function 
notation to describe the translation to the bottom of 
the hill. Round to the nearest foot. 

SOLUTION:  
We have a triangle as shown. 

 
Use trigonometric ratios to find the vertical and 
horizontal changes of the coordinates of points from 
A to B. 
  

 

  
The vertex B is 75 ft down and 100 ft left to A. 
Therefore, the translation is (x, y) → (x – 75, y  – 
100). 

ANSWER:  
(x, y) → (x + 75, y  – 100) 

29. MULTIPLE REPRESENTATIONS In this 
problem, you will investigate reflections over a pair of
parallel lines. 

 
a. GEOMETRIC On patty paper, draw and 
a pair of vertical lines  l and m. Reflect in line l  by 
folding the patty paper. Then reflect, , in line 

m. Label the final image . 

b. GEOMETRIC Repeat the process in part a for 

reflected in vertical lines n and p  and 

 reflected in vertical lines q and r. 
c. TABULAR Copy and complete the table below. 

 
d. VERBAL Describe the result of two reflections 
in two vertical lines using one transformation. 

SOLUTION:  
a. 
Step 1: Draw ABC and line l and line m.  
Step 2: Fold the paper on line l.  Sketch the figure 
A'B'C'. 
Step 3: Fold the paper on line m.  Sketch the figure 
A''B''C''. 

 
  
b. 
Draw another triangle DEF and line n and line p  . 
Reflect twice following the steps in part a.  

 
  
Draw another triangle JKL and line q and line r . 
Reflect twice following the steps in part a.  
  

 
  
c. 

   
  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

ANSWER:  
a. 

 
b. 

 

 

c.  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

30. REASONING Determine a rule to find the final 
image of a point that is translated along 

and then . 

SOLUTION:  

Translating along  and then along   is 

same as translating along . Therefore, 

the translation vector is  

ANSWER:  
 

31. CHALLENGE A line y  = mx + b is translated using

the vector . Write the equation of the translated

line. What is the value of the y-intercept? 

SOLUTION:  

The vector  maps the point (x, y) → (x + a, y  +

b).  
  
Step 1: Identify two points on the line y  = mx + b. 

When x = 0, y  = b. When y  = 0, x = . So two 

points on the line y  = mx + b are (0, b) and ( , 
0).  
  
Step 2: Find the location of these points under the 
vector translation .  

(0, b) → (0 + a, b + b) → (a, 2b) 
  

( , 0) → (  + a, 0 + b) → (  + a, b) 
  
Step 3: Use these points to determine the equation 
of the translated line.  
  

 
  
Since the line is translated with its orientation 
unchanged we would expect the slope of the line to 
remain unchanged. Substituting the point (a, 2b) into
the equation  we will find   , the y -
intercept of the translated line.  

 
  
Note that if we had used the second point on the 
translated line, we would have arrived at the same 
value for the new y -intercept. 

 
  
Substituting the value of the new y -intercept into the
equation, we arrive at the equation for the translated
line.  

 
Combine like terms.  

 

ANSWER:  

y = m(x – a) + 2b; 2b – ma 

32. OPEN-ENDED Draw a figure on the coordinate 
plane so that the figure has the same orientation after
it is reflected in the line y  = 1. Explain what must be 
true in order for this to occur. 

SOLUTION:  
Draw figure ABCD with vertices at  A(–4, 8), B (4, 
8), C (4, 4), and D(–, 4). Draw the line y  = 1. 

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

 
In order for the figures ABCD and A'B'C'D' to be the
same, they must match up when you fold the grid in 
half horizontally at the y = 1 line. 

ANSWER:  

 
Sample answer: in order for the figure to be the 
same, it must match up when you fold it in half 
horizontally at the y  = 1 line. 

33. WRITING IN MATH Compare and contrast 
function notation and vector notation for translations. 

SOLUTION:  
Both vector notation and function notation describe 
the distance a figure is translated in the horizontal 
and vertical directions. Vector notation only 
describes the movement. It does not determine the 
beginning and ending locations. Function notation 
does both. It will give the initial point, the distance of 
the horizontal and vertical translation, and the ending 
point. For example, the translation a units to the right 
and b units up from the point (x, y) would be written 

 in vector notation and (x, y) → (x + a, y  + b) 

in function notation. 

ANSWER:  
Sample answer: Both vector notation and function 
notation describe the distance a figure is translated in
the horizontal and vertical directions. Vector notation 
does not give a rule in terms of initial location, but 
function notation does. For example, the translation a 
units to the right and b units up from the point (x, y) 

would be written  in vector notation and (x, y) 

→ (x + a, y  + b) in function notation. 

34. WRITING IN MATH Recall from Lesson 3-1 that
an invariant point maps onto itself. Can invariant 
points occur with translations? Explain why or why 
not. 

SOLUTION:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

ANSWER:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

35. On a grid triangle PQR has vertices P(2, 1), Q(3, –
1), and R(–1, –2) as shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). Find the coordinates of the vertices of triangle 
P'Q'R'. 
  
P' =  
Q' =  
R' =  
  
b. Which point lies in the interior of triangle P'Q'R'? 
A (0, –1) 
B (2, –4) 
C (–2, –4) 
D (–2, 2) 

SOLUTION:  
PQR has vertices P(2, 1), Q(3, –1), and R(–1, –2) as
shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). So the coordinates of the vertices of triangle 
P'Q'R' can be found by subtracting 2 from each x-
coordinate and adding 3 to each y-coordinate. 
  
P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. To find which point lies in the interior of triangle 
P'Q'R', either plot the image triangle on the 
coordinate plane and check, or notice that all of the 
image triangle is in quadrants I and II, and only 
answer choice D (–2, 2) is in either of those 
quadrants. 
  

ANSWER:  
a. P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. D 

36. Which of the following is the image of the line 
 under the translation (x, y) → (
)?  

A  
B  
C  
D  

SOLUTION:  
The translation of   can be 
thought of graphically, as a translation of the line 

 one unit to the left and one unit up. This 
would result in the translation graph seen below. The 
resulting line would be  . The correct 
choice is C. 

 

ANSWER:  
C 

37. Which of the following vectors will translate a point 
with the coordinates (3, –5) up and to the left on a 
coordinate plane? 
  
A  
B  
C  
D  

SOLUTION:  
The coordinates of the point do not matter, if a 
translation vector is to move a point up and to the 

left, the vector must be of the form , where a is
negative and b is positive. 
  
The correct answer is choice C. 

ANSWER:  
C 

38. Given a triangle with vertices A(–7, –1), B(–2, –3) 
and C(2, 4), which of the following represents the 
coordinates of the vertices of the image after a 
translation of the triangle 5 units right and 3 units up? 
  
A A(–4, 4), B(1, 2) and C(5, 9) 
B A(–2, 2), B(3, 0) and C(7, 7) 
C A(–12, 2), B(–7, 0) and C(–3, 7) 
D A(–2, –4), B(3, –6) and C(7, 1) 

SOLUTION:  
To translate A(–7, –1), B(–2, –3) and C(2, 4) five 
units right and three units up, add 5 to each x-
coordinate and add 3 to each y-coordinate.  
  
A(–7, –1), B(–2, –3), C(2, 4) → A(–7 + 5, –1 + 3), B
(–2 + 5, –3 + 3), C(2 + 5, 4 + 3)  
which is equivalent to  A(–2, 2), B(3, 0), C(7, 7).  

ANSWER:  
B 

39. Which of the following statements is true for both the
translation  and the translation 

?  
A   A point and its image have the same y-
coordinate. 
B   Points on the x-axis are mapped to other points 
on the x-axis. 
C   The translation vector is . 
D    A point in Quadrant I is mapped to another point
in Quadrant I. 

SOLUTION:  
Option A cannot be true, as the 
translation   would translate 
each y-coordinate up 2 units.  
Option B cannot be true, as the translation 

 would translate the point (2,0) 
to (2,2), a point no longer on the x-axis.  
Option C cannot be true, as the translation vertex 
for   would be , not . 
Option D is the correct choice as any point with 
positive x and y  coordinates will remain positive with 
either translation. Therefore they will remain in 
Quadrant I. 

ANSWER:  
D 

40. What is the distance between any point and its image
under the translation ? 
Round to the nearest tenth. 

SOLUTION:  
The distance between any point and its image are the
same, under the same translation. Therefore, choose 
any point, find its image under the 
translation  , and then use 
the Distance Formula to find the distance between 
these two points.  
  
Example: The image of point  would be 

.  

 
      

ANSWER:  
7.2 

41. Under which of the following translations does the 
image of rectangle JKLM not overlap rectangle 
JKLM? 

               
A     
B    
C    
D     
E     

SOLUTION:  
For JKLM to not overlap its image, the translation of 
the x-coordinates would have to be either more than 
3 or less than negative 3, since the length of the 
rectangle is 3 units. The only choice for which this is 
true is D.  

ANSWER:  
D 

Copy the figure and the given translation 
vector. Then draw the translation of the figure 
along the translation vector. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point B' by marking off this distance along the line 
through vertex B, starting at B and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points C' and D'. 
Then connect vertices B', C', and D' to form the 
translated image. 
  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point W' by marking off this distance along the line 
through vertex W, starting at W and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect vertices W', X ', Y' and Z' to form 
the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

4. trapezoid JKLM with vertices J(2, 4), K(1, 1), L(5, 1)

and M (4, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(2 + 7, 4 + 1), K’(1 + 7, 1 + 1), L’(5 +
7, 1 + 1) and M ’(4 + 7, 4 + 1). 

 

ANSWER:  

 

5.  with vertices D(–8, 8), F(–10, 4), and G(–7, 

6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are D’(–8 + 5, 8 – 2), F’(–10 + 5, 4 – 2), and
G’(–7 + 5, 6 – 2). 

 

ANSWER:  

 

6. parallelogram WXYZ with vertices W(–6, –5), X(–2, –
5), Y(–1, –8), and Z(–5, –8); 

 

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–6 – 1, –5 + 4), X’(–2 – 1, –5 
+ 4), Y’(–1 – 1, –8 + 4), and Z’(–5 – 1, –8 + 4). 
  

   

ANSWER:  

 

7. VIDEO GAMES The object of the video game 
shown is to manipulate the colored tiles left or right 
as they fall from the top of the screen to completely 
fill each row without leaving empty spaces. If the 
starting position of the tile piece at the top of the 
screen is (x, y), use function notation to describe the 
translation that will fill the indicated row. 

 

SOLUTION:  
There is only one block space for the row to be 
complete. For the object to fit in the place, it should 
be moved 3 places right and 5 places down. So, the 

translation vector should be  

Therefore, the translation is  

ANSWER:  
 

TOOLS  Copy the figure and the given 
translation vector. Then draw the translation of 
the figure along the translation vector. 

8.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point J' by marking off this distance along the line 
through vertex J, starting at J and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect vertices J', K',  L', and M' to form
the translated image. 

 

ANSWER:  

 

9.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point A ' by marking off this distance along the line 
through vertex A , starting at A  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points B' and C'. 
Then connect vertices A ', B', and C' to form the 
translated image. 

 

ANSWER:  

 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
  
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point X ' by marking off this distance along the line 
through vertex X , starting at X  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect vertices X ', Y', and Z' to form the 
translated image. 

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point D' by marking off this distance along the line 
through vertex D, starting at D and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect vertices D', F', G' and H' to form 
the translated image. 

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point V' by marking off this distance along the line 
through vertex V, starting at V and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect vertices V', W', X ', Y' and Z' 
to form the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

14.  with vertices A(1, 6), B(3, 2), and C(4, 

7);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are A’(1 + 4, 6 – 1), B’(3 + 4, 2 – 1), and 
C’(4 + 4, 7 – 1). 

 

ANSWER:  

 

15.  with vertices M (4, –5), N(5, –8), and P(8, –
6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are M ’(4 – 2, –5 + 5), N’(5 – 2, –8 + 5), and 
P’(8 – , –6 + 5). 

 

ANSWER:  

 

16. rectangle QRST with vertices Q(–8, 4), R(–8, 2), S(–
3, 2), and T(–3, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
rectangle are Q’(–8 + 2, 4 + 3), R’(–8 + 2, 2 + 3), 
S’(–3 + 2, 2 + 3), and T’(–3 + 2, 4 + 3). 

 

ANSWER:  

 

17. quadrilateral FGHJ with vertices F(–4, –2), G(–1, –
1), H(0, –4), and J(–3, –6);  

SOLUTION:  
The coordinates of the vertices of the translated 
quadrilateral are F’(–4 – 5, –2 – 2), G’(–1 – 5, –1 – 
2), H’(0 – 5, –4 – 2), and J’(–3 – 5, –6 – 2). 

 

ANSWER:  

 

18.  with vertices W(–3, –1), X(1, –1), Y(2, –4), 

and Z(–2, –4);  

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–3 – 3, –1 + 4), X’(1 – 3, –1 + 
4), Y’(2 – 3, –4 + 4), and Z’(–2 – 3, –4 + 4). 

 

ANSWER:  

 

19. trapezoid JKLM with vertices J(–4, –2), K(–1, –2), L

(0, –5), and M (–5, –5);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(–4 + 6, –2 + 5), K’(–1 + 6, –2 + 5), 
L’(0 + 6, –5 + 5), and M ’(–5 + 6, –5 + 5). 

 

ANSWER:  

 

20. PROBLEM SOLVING Brittany’s neighborhood is 
shown on the grid at the right. 

 
a. If she leaves home and travels 4 blocks north and 
3 blocks east, what is her new location? 
b. Use words to describe two possible translations 
that will take Brittany home from school. 

SOLUTION:  
a. Since the north side is marked upwards, travelling 
4 blocks north and 3 blocks east means moving 4 
blocks up and 3 blocks right. The point 4 blocks up 
and 3 blocks right to the home is the library. 
Therefore, her new location will be the library. 
b. The resultant vector must be . Any 
combination of vectors that form this resultant vector
will be satisfactory. 
  
 She can go west 5 blocks and then south 1 block, or 
she can go south 1 block and then west 5 blocks to 
reach the school. 

ANSWER:  
a. Library 
b. Sample answer: She can go west 5 blocks and 
then south 1 block, or she can go south 1 block and 
then west 5 blocks. 

21. FOOTBALL A wide receiver starts from his 15-
yard line on the right hash mark and runs a route that
takes him 12 yards to the left and down field for a 
gain of 17 yards. Write a translation vector to 
describe the receiver’s route. 

 

SOLUTION:  
The receiver starts on the right hash of the 15-yard 
line and moves 12 yards left and then 17 yards down 
field, or upwards as shown in the diagram.  

 
So, a translation vector that represents the receiver's 

route would be    

ANSWER:  
 

22. MULTI-STEP Each type of chess piece has a rule
for how it can be moved. A knight can move two 
squares horizontally and then one square vertically, 
or two squares vertically and one square 
horizontally. The bishop can only move diagonally. 
When a chess piece moves to a space that is 
occupied by an opponent’s piece, it is attacking that
piece. 

                            
a. What is the maximum number of knights that 
could be placed on an 8 by 8 chessboard so that 
none of the pieces can attack each other? What is 
the maximum number of bishops?  
b. Explain your solution process.  

SOLUTION:  
a-b.  I began by analyzing the movements of a single
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. Therefore,  is the 
maximum number of knight on an 8 by 8 
chessboard so that none can attack each other.  
      The bishops can move diagonally in any 
direction. I began by filling the entire first row of the 
chessboard with bishops. I crossed off all of the 
squares that could no longer be occupied by 
another bishop. From the remaining spaces 
available, you can fit the most bishops along the last 
row. Because the first and last square on the row 
can be attacked by a bishop on the opposite side of
the board, there are only 6 spaces available. So, 14
bishops can occupy a chessboard without being 
able to attack one another. 

 

ANSWER:  
a.  32; 14 
b. I began by analyzing the movements of a single 
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. The bishops can move 
diagonally in any direction. I began by filling the 
entire first row of the chessboard with bishops. I 
crossed off all of the squares that could no longer 
be occupied by another bishop. From the remaining
spaces available, you can fit the most bishops along 
the last row. Because the first and last square on the
row can be attacked by a bishop on the opposite 
side of the board, there are only 6 spaces available. 
So, 14 bishops can occupy a chessboard without 
being able to attack one another. 

Write each translation vector that maps the 
blue preimage to the green image. 

23.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue triangle is at (–2, 4). The top vertex of the green
triangle is at (1, –1), Subtract the coordinates. 
  
1 – (–2) = 3 
–1 – 4 = –5 
  
The triangle has been translated 3 units right and 5 

units down. So, the translation vector is  

ANSWER:  
 

24.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue pentagon is at (2, 0). The top vertex of the green
pentagon is at (–4, 4), Subtract the coordinates. 
  
–4 – (2) = –6 
4 – 0 = 4 
  
The pentagon has been translated 6 units left and 4 

units up. So, the translation vector is  

ANSWER:  
 

25. CONCERTS Dexter’s family buys tickets every 
year for a concert. Last year they were in seats C3, 
C4, C5, and C6. This year, they will be in seats D16, 
D17, D18, and D19. Write a translation in words and 
using vector notation that can be used to describe the
change in their seating. 

 

SOLUTION:  
Pick a seat from the new row and compare it to the 
corresponding seat in the previous row. The seat 
D16 is 13 seats right and 1 row back to C3. 
Therefore, the translation vector can be represented 

as  

ANSWER:  
They move to the right 13 seats and back one row; 

 

SENSE-MAKING Graph the translation of each
function along the given vector. Then write the 
equation of the translated image. 

26.   

 

SOLUTION:  

The translation of translates each point of 

 4 units right and 1 unit up. Thus,  the vertex 
of (0, 0) will translate to (4, 1). (1, 1) translates to (5, 
2) and (–1, 1) translates to (3, 2), etc. 
  

 
The equation for the translated function is y  = (x – 4)
2
 + 1. 

ANSWER:  

 
y = (x – 4)

2
 + 1 

27.   

 

SOLUTION:  

The translation of    translates each point of 

 2 units left. Thus,  the intercept of (0, 0) 
will translate to (–2, 0). (1, –1) translates to (–1, –1) 
and (–1, 1) translates to (–3, 1), etc. 
  

 
The equation of the translated function is y  = –(x + 

2)
3. 

ANSWER:  

 
y = –(x + 2)

3 

28. ROLLER COASTERS The length of the roller 
coaster track from the top of a hill to the bottom of 
the hill is 125 feet at a 53° angle with the vertical. If 
the position at the top of the hill is (x, y), use function 
notation to describe the translation to the bottom of 
the hill. Round to the nearest foot. 

SOLUTION:  
We have a triangle as shown. 

 
Use trigonometric ratios to find the vertical and 
horizontal changes of the coordinates of points from 
A to B. 
  

 

  
The vertex B is 75 ft down and 100 ft left to A. 
Therefore, the translation is (x, y) → (x – 75, y  – 
100). 

ANSWER:  
(x, y) → (x + 75, y  – 100) 

29. MULTIPLE REPRESENTATIONS In this 
problem, you will investigate reflections over a pair of
parallel lines. 

 
a. GEOMETRIC On patty paper, draw and 
a pair of vertical lines  l and m. Reflect in line l  by 
folding the patty paper. Then reflect, , in line 

m. Label the final image . 

b. GEOMETRIC Repeat the process in part a for 

reflected in vertical lines n and p  and 

 reflected in vertical lines q and r. 
c. TABULAR Copy and complete the table below. 

 
d. VERBAL Describe the result of two reflections 
in two vertical lines using one transformation. 

SOLUTION:  
a. 
Step 1: Draw ABC and line l and line m.  
Step 2: Fold the paper on line l.  Sketch the figure 
A'B'C'. 
Step 3: Fold the paper on line m.  Sketch the figure 
A''B''C''. 

 
  
b. 
Draw another triangle DEF and line n and line p  . 
Reflect twice following the steps in part a.  

 
  
Draw another triangle JKL and line q and line r . 
Reflect twice following the steps in part a.  
  

 
  
c. 

   
  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

ANSWER:  
a. 

 
b. 

 

 

c.  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

30. REASONING Determine a rule to find the final 
image of a point that is translated along 

and then . 

SOLUTION:  

Translating along  and then along   is 

same as translating along . Therefore, 

the translation vector is  

ANSWER:  
 

31. CHALLENGE A line y  = mx + b is translated using

the vector . Write the equation of the translated

line. What is the value of the y-intercept? 

SOLUTION:  

The vector  maps the point (x, y) → (x + a, y  +

b).  
  
Step 1: Identify two points on the line y  = mx + b. 

When x = 0, y  = b. When y  = 0, x = . So two 

points on the line y  = mx + b are (0, b) and ( , 
0).  
  
Step 2: Find the location of these points under the 
vector translation .  

(0, b) → (0 + a, b + b) → (a, 2b) 
  

( , 0) → (  + a, 0 + b) → (  + a, b) 
  
Step 3: Use these points to determine the equation 
of the translated line.  
  

 
  
Since the line is translated with its orientation 
unchanged we would expect the slope of the line to 
remain unchanged. Substituting the point (a, 2b) into
the equation  we will find   , the y -
intercept of the translated line.  

 
  
Note that if we had used the second point on the 
translated line, we would have arrived at the same 
value for the new y -intercept. 

 
  
Substituting the value of the new y -intercept into the
equation, we arrive at the equation for the translated
line.  

 
Combine like terms.  

 

ANSWER:  

y = m(x – a) + 2b; 2b – ma 

32. OPEN-ENDED Draw a figure on the coordinate 
plane so that the figure has the same orientation after
it is reflected in the line y  = 1. Explain what must be 
true in order for this to occur. 

SOLUTION:  
Draw figure ABCD with vertices at  A(–4, 8), B (4, 
8), C (4, 4), and D(–, 4). Draw the line y  = 1. 

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

 
In order for the figures ABCD and A'B'C'D' to be the
same, they must match up when you fold the grid in 
half horizontally at the y = 1 line. 

ANSWER:  

 
Sample answer: in order for the figure to be the 
same, it must match up when you fold it in half 
horizontally at the y  = 1 line. 

33. WRITING IN MATH Compare and contrast 
function notation and vector notation for translations. 

SOLUTION:  
Both vector notation and function notation describe 
the distance a figure is translated in the horizontal 
and vertical directions. Vector notation only 
describes the movement. It does not determine the 
beginning and ending locations. Function notation 
does both. It will give the initial point, the distance of 
the horizontal and vertical translation, and the ending 
point. For example, the translation a units to the right 
and b units up from the point (x, y) would be written 

 in vector notation and (x, y) → (x + a, y  + b) 

in function notation. 

ANSWER:  
Sample answer: Both vector notation and function 
notation describe the distance a figure is translated in
the horizontal and vertical directions. Vector notation 
does not give a rule in terms of initial location, but 
function notation does. For example, the translation a 
units to the right and b units up from the point (x, y) 

would be written  in vector notation and (x, y) 

→ (x + a, y  + b) in function notation. 

34. WRITING IN MATH Recall from Lesson 3-1 that
an invariant point maps onto itself. Can invariant 
points occur with translations? Explain why or why 
not. 

SOLUTION:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

ANSWER:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

35. On a grid triangle PQR has vertices P(2, 1), Q(3, –
1), and R(–1, –2) as shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). Find the coordinates of the vertices of triangle 
P'Q'R'. 
  
P' =  
Q' =  
R' =  
  
b. Which point lies in the interior of triangle P'Q'R'? 
A (0, –1) 
B (2, –4) 
C (–2, –4) 
D (–2, 2) 

SOLUTION:  
PQR has vertices P(2, 1), Q(3, –1), and R(–1, –2) as
shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). So the coordinates of the vertices of triangle 
P'Q'R' can be found by subtracting 2 from each x-
coordinate and adding 3 to each y-coordinate. 
  
P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. To find which point lies in the interior of triangle 
P'Q'R', either plot the image triangle on the 
coordinate plane and check, or notice that all of the 
image triangle is in quadrants I and II, and only 
answer choice D (–2, 2) is in either of those 
quadrants. 
  

ANSWER:  
a. P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. D 

36. Which of the following is the image of the line 
 under the translation (x, y) → (
)?  

A  
B  
C  
D  

SOLUTION:  
The translation of   can be 
thought of graphically, as a translation of the line 

 one unit to the left and one unit up. This 
would result in the translation graph seen below. The 
resulting line would be  . The correct 
choice is C. 

 

ANSWER:  
C 

37. Which of the following vectors will translate a point 
with the coordinates (3, –5) up and to the left on a 
coordinate plane? 
  
A  
B  
C  
D  

SOLUTION:  
The coordinates of the point do not matter, if a 
translation vector is to move a point up and to the 

left, the vector must be of the form , where a is
negative and b is positive. 
  
The correct answer is choice C. 

ANSWER:  
C 

38. Given a triangle with vertices A(–7, –1), B(–2, –3) 
and C(2, 4), which of the following represents the 
coordinates of the vertices of the image after a 
translation of the triangle 5 units right and 3 units up? 
  
A A(–4, 4), B(1, 2) and C(5, 9) 
B A(–2, 2), B(3, 0) and C(7, 7) 
C A(–12, 2), B(–7, 0) and C(–3, 7) 
D A(–2, –4), B(3, –6) and C(7, 1) 

SOLUTION:  
To translate A(–7, –1), B(–2, –3) and C(2, 4) five 
units right and three units up, add 5 to each x-
coordinate and add 3 to each y-coordinate.  
  
A(–7, –1), B(–2, –3), C(2, 4) → A(–7 + 5, –1 + 3), B
(–2 + 5, –3 + 3), C(2 + 5, 4 + 3)  
which is equivalent to  A(–2, 2), B(3, 0), C(7, 7).  

ANSWER:  
B 

39. Which of the following statements is true for both the
translation  and the translation 

?  
A   A point and its image have the same y-
coordinate. 
B   Points on the x-axis are mapped to other points 
on the x-axis. 
C   The translation vector is . 
D    A point in Quadrant I is mapped to another point
in Quadrant I. 

SOLUTION:  
Option A cannot be true, as the 
translation   would translate 
each y-coordinate up 2 units.  
Option B cannot be true, as the translation 

 would translate the point (2,0) 
to (2,2), a point no longer on the x-axis.  
Option C cannot be true, as the translation vertex 
for   would be , not . 
Option D is the correct choice as any point with 
positive x and y  coordinates will remain positive with 
either translation. Therefore they will remain in 
Quadrant I. 

ANSWER:  
D 

40. What is the distance between any point and its image
under the translation ? 
Round to the nearest tenth. 

SOLUTION:  
The distance between any point and its image are the
same, under the same translation. Therefore, choose 
any point, find its image under the 
translation  , and then use 
the Distance Formula to find the distance between 
these two points.  
  
Example: The image of point  would be 

.  

 
      

ANSWER:  
7.2 

41. Under which of the following translations does the 
image of rectangle JKLM not overlap rectangle 
JKLM? 

               
A     
B    
C    
D     
E     

SOLUTION:  
For JKLM to not overlap its image, the translation of 
the x-coordinates would have to be either more than 
3 or less than negative 3, since the length of the 
rectangle is 3 units. The only choice for which this is 
true is D.  

ANSWER:  
D 
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3-2 Translations 



Copy the figure and the given translation 
vector. Then draw the translation of the figure 
along the translation vector. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point B' by marking off this distance along the line 
through vertex B, starting at B and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points C' and D'. 
Then connect vertices B', C', and D' to form the 
translated image. 
  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point W' by marking off this distance along the line 
through vertex W, starting at W and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect vertices W', X ', Y' and Z' to form 
the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

4. trapezoid JKLM with vertices J(2, 4), K(1, 1), L(5, 1)

and M (4, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(2 + 7, 4 + 1), K’(1 + 7, 1 + 1), L’(5 +
7, 1 + 1) and M ’(4 + 7, 4 + 1). 

 

ANSWER:  

 

5.  with vertices D(–8, 8), F(–10, 4), and G(–7, 

6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are D’(–8 + 5, 8 – 2), F’(–10 + 5, 4 – 2), and
G’(–7 + 5, 6 – 2). 

 

ANSWER:  

 

6. parallelogram WXYZ with vertices W(–6, –5), X(–2, –
5), Y(–1, –8), and Z(–5, –8); 

 

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–6 – 1, –5 + 4), X’(–2 – 1, –5 
+ 4), Y’(–1 – 1, –8 + 4), and Z’(–5 – 1, –8 + 4). 
  

   

ANSWER:  

 

7. VIDEO GAMES The object of the video game 
shown is to manipulate the colored tiles left or right 
as they fall from the top of the screen to completely 
fill each row without leaving empty spaces. If the 
starting position of the tile piece at the top of the 
screen is (x, y), use function notation to describe the 
translation that will fill the indicated row. 

 

SOLUTION:  
There is only one block space for the row to be 
complete. For the object to fit in the place, it should 
be moved 3 places right and 5 places down. So, the 

translation vector should be  

Therefore, the translation is  

ANSWER:  
 

TOOLS  Copy the figure and the given 
translation vector. Then draw the translation of 
the figure along the translation vector. 

8.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point J' by marking off this distance along the line 
through vertex J, starting at J and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect vertices J', K',  L', and M' to form
the translated image. 

 

ANSWER:  

 

9.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point A ' by marking off this distance along the line 
through vertex A , starting at A  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points B' and C'. 
Then connect vertices A ', B', and C' to form the 
translated image. 

 

ANSWER:  

 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
  
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point X ' by marking off this distance along the line 
through vertex X , starting at X  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect vertices X ', Y', and Z' to form the 
translated image. 

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point D' by marking off this distance along the line 
through vertex D, starting at D and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect vertices D', F', G' and H' to form 
the translated image. 

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point V' by marking off this distance along the line 
through vertex V, starting at V and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect vertices V', W', X ', Y' and Z' 
to form the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

14.  with vertices A(1, 6), B(3, 2), and C(4, 

7);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are A’(1 + 4, 6 – 1), B’(3 + 4, 2 – 1), and 
C’(4 + 4, 7 – 1). 

 

ANSWER:  

 

15.  with vertices M (4, –5), N(5, –8), and P(8, –
6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are M ’(4 – 2, –5 + 5), N’(5 – 2, –8 + 5), and 
P’(8 – , –6 + 5). 

 

ANSWER:  

 

16. rectangle QRST with vertices Q(–8, 4), R(–8, 2), S(–
3, 2), and T(–3, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
rectangle are Q’(–8 + 2, 4 + 3), R’(–8 + 2, 2 + 3), 
S’(–3 + 2, 2 + 3), and T’(–3 + 2, 4 + 3). 

 

ANSWER:  

 

17. quadrilateral FGHJ with vertices F(–4, –2), G(–1, –
1), H(0, –4), and J(–3, –6);  

SOLUTION:  
The coordinates of the vertices of the translated 
quadrilateral are F’(–4 – 5, –2 – 2), G’(–1 – 5, –1 – 
2), H’(0 – 5, –4 – 2), and J’(–3 – 5, –6 – 2). 

 

ANSWER:  

 

18.  with vertices W(–3, –1), X(1, –1), Y(2, –4), 

and Z(–2, –4);  

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–3 – 3, –1 + 4), X’(1 – 3, –1 + 
4), Y’(2 – 3, –4 + 4), and Z’(–2 – 3, –4 + 4). 

 

ANSWER:  

 

19. trapezoid JKLM with vertices J(–4, –2), K(–1, –2), L

(0, –5), and M (–5, –5);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(–4 + 6, –2 + 5), K’(–1 + 6, –2 + 5), 
L’(0 + 6, –5 + 5), and M ’(–5 + 6, –5 + 5). 

 

ANSWER:  

 

20. PROBLEM SOLVING Brittany’s neighborhood is 
shown on the grid at the right. 

 
a. If she leaves home and travels 4 blocks north and 
3 blocks east, what is her new location? 
b. Use words to describe two possible translations 
that will take Brittany home from school. 

SOLUTION:  
a. Since the north side is marked upwards, travelling 
4 blocks north and 3 blocks east means moving 4 
blocks up and 3 blocks right. The point 4 blocks up 
and 3 blocks right to the home is the library. 
Therefore, her new location will be the library. 
b. The resultant vector must be . Any 
combination of vectors that form this resultant vector
will be satisfactory. 
  
 She can go west 5 blocks and then south 1 block, or 
she can go south 1 block and then west 5 blocks to 
reach the school. 

ANSWER:  
a. Library 
b. Sample answer: She can go west 5 blocks and 
then south 1 block, or she can go south 1 block and 
then west 5 blocks. 

21. FOOTBALL A wide receiver starts from his 15-
yard line on the right hash mark and runs a route that
takes him 12 yards to the left and down field for a 
gain of 17 yards. Write a translation vector to 
describe the receiver’s route. 

 

SOLUTION:  
The receiver starts on the right hash of the 15-yard 
line and moves 12 yards left and then 17 yards down 
field, or upwards as shown in the diagram.  

 
So, a translation vector that represents the receiver's 

route would be    

ANSWER:  
 

22. MULTI-STEP Each type of chess piece has a rule
for how it can be moved. A knight can move two 
squares horizontally and then one square vertically, 
or two squares vertically and one square 
horizontally. The bishop can only move diagonally. 
When a chess piece moves to a space that is 
occupied by an opponent’s piece, it is attacking that
piece. 

                            
a. What is the maximum number of knights that 
could be placed on an 8 by 8 chessboard so that 
none of the pieces can attack each other? What is 
the maximum number of bishops?  
b. Explain your solution process.  

SOLUTION:  
a-b.  I began by analyzing the movements of a single
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. Therefore,  is the 
maximum number of knight on an 8 by 8 
chessboard so that none can attack each other.  
      The bishops can move diagonally in any 
direction. I began by filling the entire first row of the 
chessboard with bishops. I crossed off all of the 
squares that could no longer be occupied by 
another bishop. From the remaining spaces 
available, you can fit the most bishops along the last 
row. Because the first and last square on the row 
can be attacked by a bishop on the opposite side of
the board, there are only 6 spaces available. So, 14
bishops can occupy a chessboard without being 
able to attack one another. 

 

ANSWER:  
a.  32; 14 
b. I began by analyzing the movements of a single 
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. The bishops can move 
diagonally in any direction. I began by filling the 
entire first row of the chessboard with bishops. I 
crossed off all of the squares that could no longer 
be occupied by another bishop. From the remaining
spaces available, you can fit the most bishops along 
the last row. Because the first and last square on the
row can be attacked by a bishop on the opposite 
side of the board, there are only 6 spaces available. 
So, 14 bishops can occupy a chessboard without 
being able to attack one another. 

Write each translation vector that maps the 
blue preimage to the green image. 

23.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue triangle is at (–2, 4). The top vertex of the green
triangle is at (1, –1), Subtract the coordinates. 
  
1 – (–2) = 3 
–1 – 4 = –5 
  
The triangle has been translated 3 units right and 5 

units down. So, the translation vector is  

ANSWER:  
 

24.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue pentagon is at (2, 0). The top vertex of the green
pentagon is at (–4, 4), Subtract the coordinates. 
  
–4 – (2) = –6 
4 – 0 = 4 
  
The pentagon has been translated 6 units left and 4 

units up. So, the translation vector is  

ANSWER:  
 

25. CONCERTS Dexter’s family buys tickets every 
year for a concert. Last year they were in seats C3, 
C4, C5, and C6. This year, they will be in seats D16, 
D17, D18, and D19. Write a translation in words and 
using vector notation that can be used to describe the
change in their seating. 

 

SOLUTION:  
Pick a seat from the new row and compare it to the 
corresponding seat in the previous row. The seat 
D16 is 13 seats right and 1 row back to C3. 
Therefore, the translation vector can be represented 

as  

ANSWER:  
They move to the right 13 seats and back one row; 

 

SENSE-MAKING Graph the translation of each
function along the given vector. Then write the 
equation of the translated image. 

26.   

 

SOLUTION:  

The translation of translates each point of 

 4 units right and 1 unit up. Thus,  the vertex 
of (0, 0) will translate to (4, 1). (1, 1) translates to (5, 
2) and (–1, 1) translates to (3, 2), etc. 
  

 
The equation for the translated function is y  = (x – 4)
2
 + 1. 

ANSWER:  

 
y = (x – 4)

2
 + 1 

27.   

 

SOLUTION:  

The translation of    translates each point of 

 2 units left. Thus,  the intercept of (0, 0) 
will translate to (–2, 0). (1, –1) translates to (–1, –1) 
and (–1, 1) translates to (–3, 1), etc. 
  

 
The equation of the translated function is y  = –(x + 

2)
3. 

ANSWER:  

 
y = –(x + 2)

3 

28. ROLLER COASTERS The length of the roller 
coaster track from the top of a hill to the bottom of 
the hill is 125 feet at a 53° angle with the vertical. If 
the position at the top of the hill is (x, y), use function 
notation to describe the translation to the bottom of 
the hill. Round to the nearest foot. 

SOLUTION:  
We have a triangle as shown. 

 
Use trigonometric ratios to find the vertical and 
horizontal changes of the coordinates of points from 
A to B. 
  

 

  
The vertex B is 75 ft down and 100 ft left to A. 
Therefore, the translation is (x, y) → (x – 75, y  – 
100). 

ANSWER:  
(x, y) → (x + 75, y  – 100) 

29. MULTIPLE REPRESENTATIONS In this 
problem, you will investigate reflections over a pair of
parallel lines. 

 
a. GEOMETRIC On patty paper, draw and 
a pair of vertical lines  l and m. Reflect in line l  by 
folding the patty paper. Then reflect, , in line 

m. Label the final image . 

b. GEOMETRIC Repeat the process in part a for 

reflected in vertical lines n and p  and 

 reflected in vertical lines q and r. 
c. TABULAR Copy and complete the table below. 

 
d. VERBAL Describe the result of two reflections 
in two vertical lines using one transformation. 

SOLUTION:  
a. 
Step 1: Draw ABC and line l and line m.  
Step 2: Fold the paper on line l.  Sketch the figure 
A'B'C'. 
Step 3: Fold the paper on line m.  Sketch the figure 
A''B''C''. 

 
  
b. 
Draw another triangle DEF and line n and line p  . 
Reflect twice following the steps in part a.  

 
  
Draw another triangle JKL and line q and line r . 
Reflect twice following the steps in part a.  
  

 
  
c. 

   
  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

ANSWER:  
a. 

 
b. 

 

 

c.  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

30. REASONING Determine a rule to find the final 
image of a point that is translated along 

and then . 

SOLUTION:  

Translating along  and then along   is 

same as translating along . Therefore, 

the translation vector is  

ANSWER:  
 

31. CHALLENGE A line y  = mx + b is translated using

the vector . Write the equation of the translated

line. What is the value of the y-intercept? 

SOLUTION:  

The vector  maps the point (x, y) → (x + a, y  +

b).  
  
Step 1: Identify two points on the line y  = mx + b. 

When x = 0, y  = b. When y  = 0, x = . So two 

points on the line y  = mx + b are (0, b) and ( , 
0).  
  
Step 2: Find the location of these points under the 
vector translation .  

(0, b) → (0 + a, b + b) → (a, 2b) 
  

( , 0) → (  + a, 0 + b) → (  + a, b) 
  
Step 3: Use these points to determine the equation 
of the translated line.  
  

 
  
Since the line is translated with its orientation 
unchanged we would expect the slope of the line to 
remain unchanged. Substituting the point (a, 2b) into
the equation  we will find   , the y -
intercept of the translated line.  

 
  
Note that if we had used the second point on the 
translated line, we would have arrived at the same 
value for the new y -intercept. 

 
  
Substituting the value of the new y -intercept into the
equation, we arrive at the equation for the translated
line.  

 
Combine like terms.  

 

ANSWER:  

y = m(x – a) + 2b; 2b – ma 

32. OPEN-ENDED Draw a figure on the coordinate 
plane so that the figure has the same orientation after
it is reflected in the line y  = 1. Explain what must be 
true in order for this to occur. 

SOLUTION:  
Draw figure ABCD with vertices at  A(–4, 8), B (4, 
8), C (4, 4), and D(–, 4). Draw the line y  = 1. 

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

 
In order for the figures ABCD and A'B'C'D' to be the
same, they must match up when you fold the grid in 
half horizontally at the y = 1 line. 

ANSWER:  

 
Sample answer: in order for the figure to be the 
same, it must match up when you fold it in half 
horizontally at the y  = 1 line. 

33. WRITING IN MATH Compare and contrast 
function notation and vector notation for translations. 

SOLUTION:  
Both vector notation and function notation describe 
the distance a figure is translated in the horizontal 
and vertical directions. Vector notation only 
describes the movement. It does not determine the 
beginning and ending locations. Function notation 
does both. It will give the initial point, the distance of 
the horizontal and vertical translation, and the ending 
point. For example, the translation a units to the right 
and b units up from the point (x, y) would be written 

 in vector notation and (x, y) → (x + a, y  + b) 

in function notation. 

ANSWER:  
Sample answer: Both vector notation and function 
notation describe the distance a figure is translated in
the horizontal and vertical directions. Vector notation 
does not give a rule in terms of initial location, but 
function notation does. For example, the translation a 
units to the right and b units up from the point (x, y) 

would be written  in vector notation and (x, y) 

→ (x + a, y  + b) in function notation. 

34. WRITING IN MATH Recall from Lesson 3-1 that
an invariant point maps onto itself. Can invariant 
points occur with translations? Explain why or why 
not. 

SOLUTION:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

ANSWER:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

35. On a grid triangle PQR has vertices P(2, 1), Q(3, –
1), and R(–1, –2) as shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). Find the coordinates of the vertices of triangle 
P'Q'R'. 
  
P' =  
Q' =  
R' =  
  
b. Which point lies in the interior of triangle P'Q'R'? 
A (0, –1) 
B (2, –4) 
C (–2, –4) 
D (–2, 2) 

SOLUTION:  
PQR has vertices P(2, 1), Q(3, –1), and R(–1, –2) as
shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). So the coordinates of the vertices of triangle 
P'Q'R' can be found by subtracting 2 from each x-
coordinate and adding 3 to each y-coordinate. 
  
P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. To find which point lies in the interior of triangle 
P'Q'R', either plot the image triangle on the 
coordinate plane and check, or notice that all of the 
image triangle is in quadrants I and II, and only 
answer choice D (–2, 2) is in either of those 
quadrants. 
  

ANSWER:  
a. P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. D 

36. Which of the following is the image of the line 
 under the translation (x, y) → (
)?  

A  
B  
C  
D  

SOLUTION:  
The translation of   can be 
thought of graphically, as a translation of the line 

 one unit to the left and one unit up. This 
would result in the translation graph seen below. The 
resulting line would be  . The correct 
choice is C. 

 

ANSWER:  
C 

37. Which of the following vectors will translate a point 
with the coordinates (3, –5) up and to the left on a 
coordinate plane? 
  
A  
B  
C  
D  

SOLUTION:  
The coordinates of the point do not matter, if a 
translation vector is to move a point up and to the 

left, the vector must be of the form , where a is
negative and b is positive. 
  
The correct answer is choice C. 

ANSWER:  
C 

38. Given a triangle with vertices A(–7, –1), B(–2, –3) 
and C(2, 4), which of the following represents the 
coordinates of the vertices of the image after a 
translation of the triangle 5 units right and 3 units up? 
  
A A(–4, 4), B(1, 2) and C(5, 9) 
B A(–2, 2), B(3, 0) and C(7, 7) 
C A(–12, 2), B(–7, 0) and C(–3, 7) 
D A(–2, –4), B(3, –6) and C(7, 1) 

SOLUTION:  
To translate A(–7, –1), B(–2, –3) and C(2, 4) five 
units right and three units up, add 5 to each x-
coordinate and add 3 to each y-coordinate.  
  
A(–7, –1), B(–2, –3), C(2, 4) → A(–7 + 5, –1 + 3), B
(–2 + 5, –3 + 3), C(2 + 5, 4 + 3)  
which is equivalent to  A(–2, 2), B(3, 0), C(7, 7).  

ANSWER:  
B 

39. Which of the following statements is true for both the
translation  and the translation 

?  
A   A point and its image have the same y-
coordinate. 
B   Points on the x-axis are mapped to other points 
on the x-axis. 
C   The translation vector is . 
D    A point in Quadrant I is mapped to another point
in Quadrant I. 

SOLUTION:  
Option A cannot be true, as the 
translation   would translate 
each y-coordinate up 2 units.  
Option B cannot be true, as the translation 

 would translate the point (2,0) 
to (2,2), a point no longer on the x-axis.  
Option C cannot be true, as the translation vertex 
for   would be , not . 
Option D is the correct choice as any point with 
positive x and y  coordinates will remain positive with 
either translation. Therefore they will remain in 
Quadrant I. 

ANSWER:  
D 

40. What is the distance between any point and its image
under the translation ? 
Round to the nearest tenth. 

SOLUTION:  
The distance between any point and its image are the
same, under the same translation. Therefore, choose 
any point, find its image under the 
translation  , and then use 
the Distance Formula to find the distance between 
these two points.  
  
Example: The image of point  would be 

.  

 
      

ANSWER:  
7.2 

41. Under which of the following translations does the 
image of rectangle JKLM not overlap rectangle 
JKLM? 

               
A     
B    
C    
D     
E     

SOLUTION:  
For JKLM to not overlap its image, the translation of 
the x-coordinates would have to be either more than 
3 or less than negative 3, since the length of the 
rectangle is 3 units. The only choice for which this is 
true is D.  

ANSWER:  
D 

Copy the figure and the given translation 
vector. Then draw the translation of the figure 
along the translation vector. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point B' by marking off this distance along the line 
through vertex B, starting at B and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points C' and D'. 
Then connect vertices B', C', and D' to form the 
translated image. 
  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point W' by marking off this distance along the line 
through vertex W, starting at W and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect vertices W', X ', Y' and Z' to form 
the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

4. trapezoid JKLM with vertices J(2, 4), K(1, 1), L(5, 1)

and M (4, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(2 + 7, 4 + 1), K’(1 + 7, 1 + 1), L’(5 +
7, 1 + 1) and M ’(4 + 7, 4 + 1). 

 

ANSWER:  

 

5.  with vertices D(–8, 8), F(–10, 4), and G(–7, 

6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are D’(–8 + 5, 8 – 2), F’(–10 + 5, 4 – 2), and
G’(–7 + 5, 6 – 2). 

 

ANSWER:  

 

6. parallelogram WXYZ with vertices W(–6, –5), X(–2, –
5), Y(–1, –8), and Z(–5, –8); 

 

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–6 – 1, –5 + 4), X’(–2 – 1, –5 
+ 4), Y’(–1 – 1, –8 + 4), and Z’(–5 – 1, –8 + 4). 
  

   

ANSWER:  

 

7. VIDEO GAMES The object of the video game 
shown is to manipulate the colored tiles left or right 
as they fall from the top of the screen to completely 
fill each row without leaving empty spaces. If the 
starting position of the tile piece at the top of the 
screen is (x, y), use function notation to describe the 
translation that will fill the indicated row. 

 

SOLUTION:  
There is only one block space for the row to be 
complete. For the object to fit in the place, it should 
be moved 3 places right and 5 places down. So, the 

translation vector should be  

Therefore, the translation is  

ANSWER:  
 

TOOLS  Copy the figure and the given 
translation vector. Then draw the translation of 
the figure along the translation vector. 

8.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point J' by marking off this distance along the line 
through vertex J, starting at J and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect vertices J', K',  L', and M' to form
the translated image. 

 

ANSWER:  

 

9.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point A ' by marking off this distance along the line 
through vertex A , starting at A  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points B' and C'. 
Then connect vertices A ', B', and C' to form the 
translated image. 

 

ANSWER:  

 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
  
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point X ' by marking off this distance along the line 
through vertex X , starting at X  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect vertices X ', Y', and Z' to form the 
translated image. 

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point D' by marking off this distance along the line 
through vertex D, starting at D and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect vertices D', F', G' and H' to form 
the translated image. 

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point V' by marking off this distance along the line 
through vertex V, starting at V and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect vertices V', W', X ', Y' and Z' 
to form the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

14.  with vertices A(1, 6), B(3, 2), and C(4, 

7);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are A’(1 + 4, 6 – 1), B’(3 + 4, 2 – 1), and 
C’(4 + 4, 7 – 1). 

 

ANSWER:  

 

15.  with vertices M (4, –5), N(5, –8), and P(8, –
6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are M ’(4 – 2, –5 + 5), N’(5 – 2, –8 + 5), and 
P’(8 – , –6 + 5). 

 

ANSWER:  

 

16. rectangle QRST with vertices Q(–8, 4), R(–8, 2), S(–
3, 2), and T(–3, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
rectangle are Q’(–8 + 2, 4 + 3), R’(–8 + 2, 2 + 3), 
S’(–3 + 2, 2 + 3), and T’(–3 + 2, 4 + 3). 

 

ANSWER:  

 

17. quadrilateral FGHJ with vertices F(–4, –2), G(–1, –
1), H(0, –4), and J(–3, –6);  

SOLUTION:  
The coordinates of the vertices of the translated 
quadrilateral are F’(–4 – 5, –2 – 2), G’(–1 – 5, –1 – 
2), H’(0 – 5, –4 – 2), and J’(–3 – 5, –6 – 2). 

 

ANSWER:  

 

18.  with vertices W(–3, –1), X(1, –1), Y(2, –4), 

and Z(–2, –4);  

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–3 – 3, –1 + 4), X’(1 – 3, –1 + 
4), Y’(2 – 3, –4 + 4), and Z’(–2 – 3, –4 + 4). 

 

ANSWER:  

 

19. trapezoid JKLM with vertices J(–4, –2), K(–1, –2), L

(0, –5), and M (–5, –5);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(–4 + 6, –2 + 5), K’(–1 + 6, –2 + 5), 
L’(0 + 6, –5 + 5), and M ’(–5 + 6, –5 + 5). 

 

ANSWER:  

 

20. PROBLEM SOLVING Brittany’s neighborhood is 
shown on the grid at the right. 

 
a. If she leaves home and travels 4 blocks north and 
3 blocks east, what is her new location? 
b. Use words to describe two possible translations 
that will take Brittany home from school. 

SOLUTION:  
a. Since the north side is marked upwards, travelling 
4 blocks north and 3 blocks east means moving 4 
blocks up and 3 blocks right. The point 4 blocks up 
and 3 blocks right to the home is the library. 
Therefore, her new location will be the library. 
b. The resultant vector must be . Any 
combination of vectors that form this resultant vector
will be satisfactory. 
  
 She can go west 5 blocks and then south 1 block, or 
she can go south 1 block and then west 5 blocks to 
reach the school. 

ANSWER:  
a. Library 
b. Sample answer: She can go west 5 blocks and 
then south 1 block, or she can go south 1 block and 
then west 5 blocks. 

21. FOOTBALL A wide receiver starts from his 15-
yard line on the right hash mark and runs a route that
takes him 12 yards to the left and down field for a 
gain of 17 yards. Write a translation vector to 
describe the receiver’s route. 

 

SOLUTION:  
The receiver starts on the right hash of the 15-yard 
line and moves 12 yards left and then 17 yards down 
field, or upwards as shown in the diagram.  

 
So, a translation vector that represents the receiver's 

route would be    

ANSWER:  
 

22. MULTI-STEP Each type of chess piece has a rule
for how it can be moved. A knight can move two 
squares horizontally and then one square vertically, 
or two squares vertically and one square 
horizontally. The bishop can only move diagonally. 
When a chess piece moves to a space that is 
occupied by an opponent’s piece, it is attacking that
piece. 

                            
a. What is the maximum number of knights that 
could be placed on an 8 by 8 chessboard so that 
none of the pieces can attack each other? What is 
the maximum number of bishops?  
b. Explain your solution process.  

SOLUTION:  
a-b.  I began by analyzing the movements of a single
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. Therefore,  is the 
maximum number of knight on an 8 by 8 
chessboard so that none can attack each other.  
      The bishops can move diagonally in any 
direction. I began by filling the entire first row of the 
chessboard with bishops. I crossed off all of the 
squares that could no longer be occupied by 
another bishop. From the remaining spaces 
available, you can fit the most bishops along the last 
row. Because the first and last square on the row 
can be attacked by a bishop on the opposite side of
the board, there are only 6 spaces available. So, 14
bishops can occupy a chessboard without being 
able to attack one another. 

 

ANSWER:  
a.  32; 14 
b. I began by analyzing the movements of a single 
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. The bishops can move 
diagonally in any direction. I began by filling the 
entire first row of the chessboard with bishops. I 
crossed off all of the squares that could no longer 
be occupied by another bishop. From the remaining
spaces available, you can fit the most bishops along 
the last row. Because the first and last square on the
row can be attacked by a bishop on the opposite 
side of the board, there are only 6 spaces available. 
So, 14 bishops can occupy a chessboard without 
being able to attack one another. 

Write each translation vector that maps the 
blue preimage to the green image. 

23.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue triangle is at (–2, 4). The top vertex of the green
triangle is at (1, –1), Subtract the coordinates. 
  
1 – (–2) = 3 
–1 – 4 = –5 
  
The triangle has been translated 3 units right and 5 

units down. So, the translation vector is  

ANSWER:  
 

24.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue pentagon is at (2, 0). The top vertex of the green
pentagon is at (–4, 4), Subtract the coordinates. 
  
–4 – (2) = –6 
4 – 0 = 4 
  
The pentagon has been translated 6 units left and 4 

units up. So, the translation vector is  

ANSWER:  
 

25. CONCERTS Dexter’s family buys tickets every 
year for a concert. Last year they were in seats C3, 
C4, C5, and C6. This year, they will be in seats D16, 
D17, D18, and D19. Write a translation in words and 
using vector notation that can be used to describe the
change in their seating. 

 

SOLUTION:  
Pick a seat from the new row and compare it to the 
corresponding seat in the previous row. The seat 
D16 is 13 seats right and 1 row back to C3. 
Therefore, the translation vector can be represented 

as  

ANSWER:  
They move to the right 13 seats and back one row; 

 

SENSE-MAKING Graph the translation of each
function along the given vector. Then write the 
equation of the translated image. 

26.   

 

SOLUTION:  

The translation of translates each point of 

 4 units right and 1 unit up. Thus,  the vertex 
of (0, 0) will translate to (4, 1). (1, 1) translates to (5, 
2) and (–1, 1) translates to (3, 2), etc. 
  

 
The equation for the translated function is y  = (x – 4)
2
 + 1. 

ANSWER:  

 
y = (x – 4)

2
 + 1 

27.   

 

SOLUTION:  

The translation of    translates each point of 

 2 units left. Thus,  the intercept of (0, 0) 
will translate to (–2, 0). (1, –1) translates to (–1, –1) 
and (–1, 1) translates to (–3, 1), etc. 
  

 
The equation of the translated function is y  = –(x + 

2)
3. 

ANSWER:  

 
y = –(x + 2)

3 

28. ROLLER COASTERS The length of the roller 
coaster track from the top of a hill to the bottom of 
the hill is 125 feet at a 53° angle with the vertical. If 
the position at the top of the hill is (x, y), use function 
notation to describe the translation to the bottom of 
the hill. Round to the nearest foot. 

SOLUTION:  
We have a triangle as shown. 

 
Use trigonometric ratios to find the vertical and 
horizontal changes of the coordinates of points from 
A to B. 
  

 

  
The vertex B is 75 ft down and 100 ft left to A. 
Therefore, the translation is (x, y) → (x – 75, y  – 
100). 

ANSWER:  
(x, y) → (x + 75, y  – 100) 

29. MULTIPLE REPRESENTATIONS In this 
problem, you will investigate reflections over a pair of
parallel lines. 

 
a. GEOMETRIC On patty paper, draw and 
a pair of vertical lines  l and m. Reflect in line l  by 
folding the patty paper. Then reflect, , in line 

m. Label the final image . 

b. GEOMETRIC Repeat the process in part a for 

reflected in vertical lines n and p  and 

 reflected in vertical lines q and r. 
c. TABULAR Copy and complete the table below. 

 
d. VERBAL Describe the result of two reflections 
in two vertical lines using one transformation. 

SOLUTION:  
a. 
Step 1: Draw ABC and line l and line m.  
Step 2: Fold the paper on line l.  Sketch the figure 
A'B'C'. 
Step 3: Fold the paper on line m.  Sketch the figure 
A''B''C''. 

 
  
b. 
Draw another triangle DEF and line n and line p  . 
Reflect twice following the steps in part a.  

 
  
Draw another triangle JKL and line q and line r . 
Reflect twice following the steps in part a.  
  

 
  
c. 

   
  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

ANSWER:  
a. 

 
b. 

 

 

c.  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

30. REASONING Determine a rule to find the final 
image of a point that is translated along 

and then . 

SOLUTION:  

Translating along  and then along   is 

same as translating along . Therefore, 

the translation vector is  

ANSWER:  
 

31. CHALLENGE A line y  = mx + b is translated using

the vector . Write the equation of the translated

line. What is the value of the y-intercept? 

SOLUTION:  

The vector  maps the point (x, y) → (x + a, y  +

b).  
  
Step 1: Identify two points on the line y  = mx + b. 

When x = 0, y  = b. When y  = 0, x = . So two 

points on the line y  = mx + b are (0, b) and ( , 
0).  
  
Step 2: Find the location of these points under the 
vector translation .  

(0, b) → (0 + a, b + b) → (a, 2b) 
  

( , 0) → (  + a, 0 + b) → (  + a, b) 
  
Step 3: Use these points to determine the equation 
of the translated line.  
  

 
  
Since the line is translated with its orientation 
unchanged we would expect the slope of the line to 
remain unchanged. Substituting the point (a, 2b) into
the equation  we will find   , the y -
intercept of the translated line.  

 
  
Note that if we had used the second point on the 
translated line, we would have arrived at the same 
value for the new y -intercept. 

 
  
Substituting the value of the new y -intercept into the
equation, we arrive at the equation for the translated
line.  

 
Combine like terms.  

 

ANSWER:  

y = m(x – a) + 2b; 2b – ma 

32. OPEN-ENDED Draw a figure on the coordinate 
plane so that the figure has the same orientation after
it is reflected in the line y  = 1. Explain what must be 
true in order for this to occur. 

SOLUTION:  
Draw figure ABCD with vertices at  A(–4, 8), B (4, 
8), C (4, 4), and D(–, 4). Draw the line y  = 1. 

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

 
In order for the figures ABCD and A'B'C'D' to be the
same, they must match up when you fold the grid in 
half horizontally at the y = 1 line. 

ANSWER:  

 
Sample answer: in order for the figure to be the 
same, it must match up when you fold it in half 
horizontally at the y  = 1 line. 

33. WRITING IN MATH Compare and contrast 
function notation and vector notation for translations. 

SOLUTION:  
Both vector notation and function notation describe 
the distance a figure is translated in the horizontal 
and vertical directions. Vector notation only 
describes the movement. It does not determine the 
beginning and ending locations. Function notation 
does both. It will give the initial point, the distance of 
the horizontal and vertical translation, and the ending 
point. For example, the translation a units to the right 
and b units up from the point (x, y) would be written 

 in vector notation and (x, y) → (x + a, y  + b) 

in function notation. 

ANSWER:  
Sample answer: Both vector notation and function 
notation describe the distance a figure is translated in
the horizontal and vertical directions. Vector notation 
does not give a rule in terms of initial location, but 
function notation does. For example, the translation a 
units to the right and b units up from the point (x, y) 

would be written  in vector notation and (x, y) 

→ (x + a, y  + b) in function notation. 

34. WRITING IN MATH Recall from Lesson 3-1 that
an invariant point maps onto itself. Can invariant 
points occur with translations? Explain why or why 
not. 

SOLUTION:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

ANSWER:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

35. On a grid triangle PQR has vertices P(2, 1), Q(3, –
1), and R(–1, –2) as shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). Find the coordinates of the vertices of triangle 
P'Q'R'. 
  
P' =  
Q' =  
R' =  
  
b. Which point lies in the interior of triangle P'Q'R'? 
A (0, –1) 
B (2, –4) 
C (–2, –4) 
D (–2, 2) 

SOLUTION:  
PQR has vertices P(2, 1), Q(3, –1), and R(–1, –2) as
shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). So the coordinates of the vertices of triangle 
P'Q'R' can be found by subtracting 2 from each x-
coordinate and adding 3 to each y-coordinate. 
  
P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. To find which point lies in the interior of triangle 
P'Q'R', either plot the image triangle on the 
coordinate plane and check, or notice that all of the 
image triangle is in quadrants I and II, and only 
answer choice D (–2, 2) is in either of those 
quadrants. 
  

ANSWER:  
a. P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. D 

36. Which of the following is the image of the line 
 under the translation (x, y) → (
)?  

A  
B  
C  
D  

SOLUTION:  
The translation of   can be 
thought of graphically, as a translation of the line 

 one unit to the left and one unit up. This 
would result in the translation graph seen below. The 
resulting line would be  . The correct 
choice is C. 

 

ANSWER:  
C 

37. Which of the following vectors will translate a point 
with the coordinates (3, –5) up and to the left on a 
coordinate plane? 
  
A  
B  
C  
D  

SOLUTION:  
The coordinates of the point do not matter, if a 
translation vector is to move a point up and to the 

left, the vector must be of the form , where a is
negative and b is positive. 
  
The correct answer is choice C. 

ANSWER:  
C 

38. Given a triangle with vertices A(–7, –1), B(–2, –3) 
and C(2, 4), which of the following represents the 
coordinates of the vertices of the image after a 
translation of the triangle 5 units right and 3 units up? 
  
A A(–4, 4), B(1, 2) and C(5, 9) 
B A(–2, 2), B(3, 0) and C(7, 7) 
C A(–12, 2), B(–7, 0) and C(–3, 7) 
D A(–2, –4), B(3, –6) and C(7, 1) 

SOLUTION:  
To translate A(–7, –1), B(–2, –3) and C(2, 4) five 
units right and three units up, add 5 to each x-
coordinate and add 3 to each y-coordinate.  
  
A(–7, –1), B(–2, –3), C(2, 4) → A(–7 + 5, –1 + 3), B
(–2 + 5, –3 + 3), C(2 + 5, 4 + 3)  
which is equivalent to  A(–2, 2), B(3, 0), C(7, 7).  

ANSWER:  
B 

39. Which of the following statements is true for both the
translation  and the translation 

?  
A   A point and its image have the same y-
coordinate. 
B   Points on the x-axis are mapped to other points 
on the x-axis. 
C   The translation vector is . 
D    A point in Quadrant I is mapped to another point
in Quadrant I. 

SOLUTION:  
Option A cannot be true, as the 
translation   would translate 
each y-coordinate up 2 units.  
Option B cannot be true, as the translation 

 would translate the point (2,0) 
to (2,2), a point no longer on the x-axis.  
Option C cannot be true, as the translation vertex 
for   would be , not . 
Option D is the correct choice as any point with 
positive x and y  coordinates will remain positive with 
either translation. Therefore they will remain in 
Quadrant I. 

ANSWER:  
D 

40. What is the distance between any point and its image
under the translation ? 
Round to the nearest tenth. 

SOLUTION:  
The distance between any point and its image are the
same, under the same translation. Therefore, choose 
any point, find its image under the 
translation  , and then use 
the Distance Formula to find the distance between 
these two points.  
  
Example: The image of point  would be 

.  

 
      

ANSWER:  
7.2 

41. Under which of the following translations does the 
image of rectangle JKLM not overlap rectangle 
JKLM? 

               
A     
B    
C    
D     
E     

SOLUTION:  
For JKLM to not overlap its image, the translation of 
the x-coordinates would have to be either more than 
3 or less than negative 3, since the length of the 
rectangle is 3 units. The only choice for which this is 
true is D.  

ANSWER:  
D 
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3-2 Translations 



Copy the figure and the given translation 
vector. Then draw the translation of the figure 
along the translation vector. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point B' by marking off this distance along the line 
through vertex B, starting at B and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points C' and D'. 
Then connect vertices B', C', and D' to form the 
translated image. 
  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point W' by marking off this distance along the line 
through vertex W, starting at W and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect vertices W', X ', Y' and Z' to form 
the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

4. trapezoid JKLM with vertices J(2, 4), K(1, 1), L(5, 1)

and M (4, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(2 + 7, 4 + 1), K’(1 + 7, 1 + 1), L’(5 +
7, 1 + 1) and M ’(4 + 7, 4 + 1). 

 

ANSWER:  

 

5.  with vertices D(–8, 8), F(–10, 4), and G(–7, 

6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are D’(–8 + 5, 8 – 2), F’(–10 + 5, 4 – 2), and
G’(–7 + 5, 6 – 2). 

 

ANSWER:  

 

6. parallelogram WXYZ with vertices W(–6, –5), X(–2, –
5), Y(–1, –8), and Z(–5, –8); 

 

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–6 – 1, –5 + 4), X’(–2 – 1, –5 
+ 4), Y’(–1 – 1, –8 + 4), and Z’(–5 – 1, –8 + 4). 
  

   

ANSWER:  

 

7. VIDEO GAMES The object of the video game 
shown is to manipulate the colored tiles left or right 
as they fall from the top of the screen to completely 
fill each row without leaving empty spaces. If the 
starting position of the tile piece at the top of the 
screen is (x, y), use function notation to describe the 
translation that will fill the indicated row. 

 

SOLUTION:  
There is only one block space for the row to be 
complete. For the object to fit in the place, it should 
be moved 3 places right and 5 places down. So, the 

translation vector should be  

Therefore, the translation is  

ANSWER:  
 

TOOLS  Copy the figure and the given 
translation vector. Then draw the translation of 
the figure along the translation vector. 

8.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point J' by marking off this distance along the line 
through vertex J, starting at J and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect vertices J', K',  L', and M' to form
the translated image. 

 

ANSWER:  

 

9.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point A ' by marking off this distance along the line 
through vertex A , starting at A  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points B' and C'. 
Then connect vertices A ', B', and C' to form the 
translated image. 

 

ANSWER:  

 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
  
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point X ' by marking off this distance along the line 
through vertex X , starting at X  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect vertices X ', Y', and Z' to form the 
translated image. 

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point D' by marking off this distance along the line 
through vertex D, starting at D and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect vertices D', F', G' and H' to form 
the translated image. 

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point V' by marking off this distance along the line 
through vertex V, starting at V and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect vertices V', W', X ', Y' and Z' 
to form the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

14.  with vertices A(1, 6), B(3, 2), and C(4, 

7);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are A’(1 + 4, 6 – 1), B’(3 + 4, 2 – 1), and 
C’(4 + 4, 7 – 1). 

 

ANSWER:  

 

15.  with vertices M (4, –5), N(5, –8), and P(8, –
6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are M ’(4 – 2, –5 + 5), N’(5 – 2, –8 + 5), and 
P’(8 – , –6 + 5). 

 

ANSWER:  

 

16. rectangle QRST with vertices Q(–8, 4), R(–8, 2), S(–
3, 2), and T(–3, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
rectangle are Q’(–8 + 2, 4 + 3), R’(–8 + 2, 2 + 3), 
S’(–3 + 2, 2 + 3), and T’(–3 + 2, 4 + 3). 

 

ANSWER:  

 

17. quadrilateral FGHJ with vertices F(–4, –2), G(–1, –
1), H(0, –4), and J(–3, –6);  

SOLUTION:  
The coordinates of the vertices of the translated 
quadrilateral are F’(–4 – 5, –2 – 2), G’(–1 – 5, –1 – 
2), H’(0 – 5, –4 – 2), and J’(–3 – 5, –6 – 2). 

 

ANSWER:  

 

18.  with vertices W(–3, –1), X(1, –1), Y(2, –4), 

and Z(–2, –4);  

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–3 – 3, –1 + 4), X’(1 – 3, –1 + 
4), Y’(2 – 3, –4 + 4), and Z’(–2 – 3, –4 + 4). 

 

ANSWER:  

 

19. trapezoid JKLM with vertices J(–4, –2), K(–1, –2), L

(0, –5), and M (–5, –5);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(–4 + 6, –2 + 5), K’(–1 + 6, –2 + 5), 
L’(0 + 6, –5 + 5), and M ’(–5 + 6, –5 + 5). 

 

ANSWER:  

 

20. PROBLEM SOLVING Brittany’s neighborhood is 
shown on the grid at the right. 

 
a. If she leaves home and travels 4 blocks north and 
3 blocks east, what is her new location? 
b. Use words to describe two possible translations 
that will take Brittany home from school. 

SOLUTION:  
a. Since the north side is marked upwards, travelling 
4 blocks north and 3 blocks east means moving 4 
blocks up and 3 blocks right. The point 4 blocks up 
and 3 blocks right to the home is the library. 
Therefore, her new location will be the library. 
b. The resultant vector must be . Any 
combination of vectors that form this resultant vector
will be satisfactory. 
  
 She can go west 5 blocks and then south 1 block, or 
she can go south 1 block and then west 5 blocks to 
reach the school. 

ANSWER:  
a. Library 
b. Sample answer: She can go west 5 blocks and 
then south 1 block, or she can go south 1 block and 
then west 5 blocks. 

21. FOOTBALL A wide receiver starts from his 15-
yard line on the right hash mark and runs a route that
takes him 12 yards to the left and down field for a 
gain of 17 yards. Write a translation vector to 
describe the receiver’s route. 

 

SOLUTION:  
The receiver starts on the right hash of the 15-yard 
line and moves 12 yards left and then 17 yards down 
field, or upwards as shown in the diagram.  

 
So, a translation vector that represents the receiver's 

route would be    

ANSWER:  
 

22. MULTI-STEP Each type of chess piece has a rule
for how it can be moved. A knight can move two 
squares horizontally and then one square vertically, 
or two squares vertically and one square 
horizontally. The bishop can only move diagonally. 
When a chess piece moves to a space that is 
occupied by an opponent’s piece, it is attacking that
piece. 

                            
a. What is the maximum number of knights that 
could be placed on an 8 by 8 chessboard so that 
none of the pieces can attack each other? What is 
the maximum number of bishops?  
b. Explain your solution process.  

SOLUTION:  
a-b.  I began by analyzing the movements of a single
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. Therefore,  is the 
maximum number of knight on an 8 by 8 
chessboard so that none can attack each other.  
      The bishops can move diagonally in any 
direction. I began by filling the entire first row of the 
chessboard with bishops. I crossed off all of the 
squares that could no longer be occupied by 
another bishop. From the remaining spaces 
available, you can fit the most bishops along the last 
row. Because the first and last square on the row 
can be attacked by a bishop on the opposite side of
the board, there are only 6 spaces available. So, 14
bishops can occupy a chessboard without being 
able to attack one another. 

 

ANSWER:  
a.  32; 14 
b. I began by analyzing the movements of a single 
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. The bishops can move 
diagonally in any direction. I began by filling the 
entire first row of the chessboard with bishops. I 
crossed off all of the squares that could no longer 
be occupied by another bishop. From the remaining
spaces available, you can fit the most bishops along 
the last row. Because the first and last square on the
row can be attacked by a bishop on the opposite 
side of the board, there are only 6 spaces available. 
So, 14 bishops can occupy a chessboard without 
being able to attack one another. 

Write each translation vector that maps the 
blue preimage to the green image. 

23.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue triangle is at (–2, 4). The top vertex of the green
triangle is at (1, –1), Subtract the coordinates. 
  
1 – (–2) = 3 
–1 – 4 = –5 
  
The triangle has been translated 3 units right and 5 

units down. So, the translation vector is  

ANSWER:  
 

24.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue pentagon is at (2, 0). The top vertex of the green
pentagon is at (–4, 4), Subtract the coordinates. 
  
–4 – (2) = –6 
4 – 0 = 4 
  
The pentagon has been translated 6 units left and 4 

units up. So, the translation vector is  

ANSWER:  
 

25. CONCERTS Dexter’s family buys tickets every 
year for a concert. Last year they were in seats C3, 
C4, C5, and C6. This year, they will be in seats D16, 
D17, D18, and D19. Write a translation in words and 
using vector notation that can be used to describe the
change in their seating. 

 

SOLUTION:  
Pick a seat from the new row and compare it to the 
corresponding seat in the previous row. The seat 
D16 is 13 seats right and 1 row back to C3. 
Therefore, the translation vector can be represented 

as  

ANSWER:  
They move to the right 13 seats and back one row; 

 

SENSE-MAKING Graph the translation of each
function along the given vector. Then write the 
equation of the translated image. 

26.   

 

SOLUTION:  

The translation of translates each point of 

 4 units right and 1 unit up. Thus,  the vertex 
of (0, 0) will translate to (4, 1). (1, 1) translates to (5, 
2) and (–1, 1) translates to (3, 2), etc. 
  

 
The equation for the translated function is y  = (x – 4)
2
 + 1. 

ANSWER:  

 
y = (x – 4)

2
 + 1 

27.   

 

SOLUTION:  

The translation of    translates each point of 

 2 units left. Thus,  the intercept of (0, 0) 
will translate to (–2, 0). (1, –1) translates to (–1, –1) 
and (–1, 1) translates to (–3, 1), etc. 
  

 
The equation of the translated function is y  = –(x + 

2)
3. 

ANSWER:  

 
y = –(x + 2)

3 

28. ROLLER COASTERS The length of the roller 
coaster track from the top of a hill to the bottom of 
the hill is 125 feet at a 53° angle with the vertical. If 
the position at the top of the hill is (x, y), use function 
notation to describe the translation to the bottom of 
the hill. Round to the nearest foot. 

SOLUTION:  
We have a triangle as shown. 

 
Use trigonometric ratios to find the vertical and 
horizontal changes of the coordinates of points from 
A to B. 
  

 

  
The vertex B is 75 ft down and 100 ft left to A. 
Therefore, the translation is (x, y) → (x – 75, y  – 
100). 

ANSWER:  
(x, y) → (x + 75, y  – 100) 

29. MULTIPLE REPRESENTATIONS In this 
problem, you will investigate reflections over a pair of
parallel lines. 

 
a. GEOMETRIC On patty paper, draw and 
a pair of vertical lines  l and m. Reflect in line l  by 
folding the patty paper. Then reflect, , in line 

m. Label the final image . 

b. GEOMETRIC Repeat the process in part a for 

reflected in vertical lines n and p  and 

 reflected in vertical lines q and r. 
c. TABULAR Copy and complete the table below. 

 
d. VERBAL Describe the result of two reflections 
in two vertical lines using one transformation. 

SOLUTION:  
a. 
Step 1: Draw ABC and line l and line m.  
Step 2: Fold the paper on line l.  Sketch the figure 
A'B'C'. 
Step 3: Fold the paper on line m.  Sketch the figure 
A''B''C''. 

 
  
b. 
Draw another triangle DEF and line n and line p  . 
Reflect twice following the steps in part a.  

 
  
Draw another triangle JKL and line q and line r . 
Reflect twice following the steps in part a.  
  

 
  
c. 

   
  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

ANSWER:  
a. 

 
b. 

 

 

c.  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

30. REASONING Determine a rule to find the final 
image of a point that is translated along 

and then . 

SOLUTION:  

Translating along  and then along   is 

same as translating along . Therefore, 

the translation vector is  

ANSWER:  
 

31. CHALLENGE A line y  = mx + b is translated using

the vector . Write the equation of the translated

line. What is the value of the y-intercept? 

SOLUTION:  

The vector  maps the point (x, y) → (x + a, y  +

b).  
  
Step 1: Identify two points on the line y  = mx + b. 

When x = 0, y  = b. When y  = 0, x = . So two 

points on the line y  = mx + b are (0, b) and ( , 
0).  
  
Step 2: Find the location of these points under the 
vector translation .  

(0, b) → (0 + a, b + b) → (a, 2b) 
  

( , 0) → (  + a, 0 + b) → (  + a, b) 
  
Step 3: Use these points to determine the equation 
of the translated line.  
  

 
  
Since the line is translated with its orientation 
unchanged we would expect the slope of the line to 
remain unchanged. Substituting the point (a, 2b) into
the equation  we will find   , the y -
intercept of the translated line.  

 
  
Note that if we had used the second point on the 
translated line, we would have arrived at the same 
value for the new y -intercept. 

 
  
Substituting the value of the new y -intercept into the
equation, we arrive at the equation for the translated
line.  

 
Combine like terms.  

 

ANSWER:  

y = m(x – a) + 2b; 2b – ma 

32. OPEN-ENDED Draw a figure on the coordinate 
plane so that the figure has the same orientation after
it is reflected in the line y  = 1. Explain what must be 
true in order for this to occur. 

SOLUTION:  
Draw figure ABCD with vertices at  A(–4, 8), B (4, 
8), C (4, 4), and D(–, 4). Draw the line y  = 1. 

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

 
In order for the figures ABCD and A'B'C'D' to be the
same, they must match up when you fold the grid in 
half horizontally at the y = 1 line. 

ANSWER:  

 
Sample answer: in order for the figure to be the 
same, it must match up when you fold it in half 
horizontally at the y  = 1 line. 

33. WRITING IN MATH Compare and contrast 
function notation and vector notation for translations. 

SOLUTION:  
Both vector notation and function notation describe 
the distance a figure is translated in the horizontal 
and vertical directions. Vector notation only 
describes the movement. It does not determine the 
beginning and ending locations. Function notation 
does both. It will give the initial point, the distance of 
the horizontal and vertical translation, and the ending 
point. For example, the translation a units to the right 
and b units up from the point (x, y) would be written 

 in vector notation and (x, y) → (x + a, y  + b) 

in function notation. 

ANSWER:  
Sample answer: Both vector notation and function 
notation describe the distance a figure is translated in
the horizontal and vertical directions. Vector notation 
does not give a rule in terms of initial location, but 
function notation does. For example, the translation a 
units to the right and b units up from the point (x, y) 

would be written  in vector notation and (x, y) 

→ (x + a, y  + b) in function notation. 

34. WRITING IN MATH Recall from Lesson 3-1 that
an invariant point maps onto itself. Can invariant 
points occur with translations? Explain why or why 
not. 

SOLUTION:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

ANSWER:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

35. On a grid triangle PQR has vertices P(2, 1), Q(3, –
1), and R(–1, –2) as shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). Find the coordinates of the vertices of triangle 
P'Q'R'. 
  
P' =  
Q' =  
R' =  
  
b. Which point lies in the interior of triangle P'Q'R'? 
A (0, –1) 
B (2, –4) 
C (–2, –4) 
D (–2, 2) 

SOLUTION:  
PQR has vertices P(2, 1), Q(3, –1), and R(–1, –2) as
shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). So the coordinates of the vertices of triangle 
P'Q'R' can be found by subtracting 2 from each x-
coordinate and adding 3 to each y-coordinate. 
  
P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. To find which point lies in the interior of triangle 
P'Q'R', either plot the image triangle on the 
coordinate plane and check, or notice that all of the 
image triangle is in quadrants I and II, and only 
answer choice D (–2, 2) is in either of those 
quadrants. 
  

ANSWER:  
a. P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. D 

36. Which of the following is the image of the line 
 under the translation (x, y) → (
)?  

A  
B  
C  
D  

SOLUTION:  
The translation of   can be 
thought of graphically, as a translation of the line 

 one unit to the left and one unit up. This 
would result in the translation graph seen below. The 
resulting line would be  . The correct 
choice is C. 

 

ANSWER:  
C 

37. Which of the following vectors will translate a point 
with the coordinates (3, –5) up and to the left on a 
coordinate plane? 
  
A  
B  
C  
D  

SOLUTION:  
The coordinates of the point do not matter, if a 
translation vector is to move a point up and to the 

left, the vector must be of the form , where a is
negative and b is positive. 
  
The correct answer is choice C. 

ANSWER:  
C 

38. Given a triangle with vertices A(–7, –1), B(–2, –3) 
and C(2, 4), which of the following represents the 
coordinates of the vertices of the image after a 
translation of the triangle 5 units right and 3 units up? 
  
A A(–4, 4), B(1, 2) and C(5, 9) 
B A(–2, 2), B(3, 0) and C(7, 7) 
C A(–12, 2), B(–7, 0) and C(–3, 7) 
D A(–2, –4), B(3, –6) and C(7, 1) 

SOLUTION:  
To translate A(–7, –1), B(–2, –3) and C(2, 4) five 
units right and three units up, add 5 to each x-
coordinate and add 3 to each y-coordinate.  
  
A(–7, –1), B(–2, –3), C(2, 4) → A(–7 + 5, –1 + 3), B
(–2 + 5, –3 + 3), C(2 + 5, 4 + 3)  
which is equivalent to  A(–2, 2), B(3, 0), C(7, 7).  

ANSWER:  
B 

39. Which of the following statements is true for both the
translation  and the translation 

?  
A   A point and its image have the same y-
coordinate. 
B   Points on the x-axis are mapped to other points 
on the x-axis. 
C   The translation vector is . 
D    A point in Quadrant I is mapped to another point
in Quadrant I. 

SOLUTION:  
Option A cannot be true, as the 
translation   would translate 
each y-coordinate up 2 units.  
Option B cannot be true, as the translation 

 would translate the point (2,0) 
to (2,2), a point no longer on the x-axis.  
Option C cannot be true, as the translation vertex 
for   would be , not . 
Option D is the correct choice as any point with 
positive x and y  coordinates will remain positive with 
either translation. Therefore they will remain in 
Quadrant I. 

ANSWER:  
D 

40. What is the distance between any point and its image
under the translation ? 
Round to the nearest tenth. 

SOLUTION:  
The distance between any point and its image are the
same, under the same translation. Therefore, choose 
any point, find its image under the 
translation  , and then use 
the Distance Formula to find the distance between 
these two points.  
  
Example: The image of point  would be 

.  

 
      

ANSWER:  
7.2 

41. Under which of the following translations does the 
image of rectangle JKLM not overlap rectangle 
JKLM? 

               
A     
B    
C    
D     
E     

SOLUTION:  
For JKLM to not overlap its image, the translation of 
the x-coordinates would have to be either more than 
3 or less than negative 3, since the length of the 
rectangle is 3 units. The only choice for which this is 
true is D.  

ANSWER:  
D 

Copy the figure and the given translation 
vector. Then draw the translation of the figure 
along the translation vector. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point B' by marking off this distance along the line 
through vertex B, starting at B and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points C' and D'. 
Then connect vertices B', C', and D' to form the 
translated image. 
  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point W' by marking off this distance along the line 
through vertex W, starting at W and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect vertices W', X ', Y' and Z' to form 
the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

4. trapezoid JKLM with vertices J(2, 4), K(1, 1), L(5, 1)

and M (4, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(2 + 7, 4 + 1), K’(1 + 7, 1 + 1), L’(5 +
7, 1 + 1) and M ’(4 + 7, 4 + 1). 

 

ANSWER:  

 

5.  with vertices D(–8, 8), F(–10, 4), and G(–7, 

6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are D’(–8 + 5, 8 – 2), F’(–10 + 5, 4 – 2), and
G’(–7 + 5, 6 – 2). 

 

ANSWER:  

 

6. parallelogram WXYZ with vertices W(–6, –5), X(–2, –
5), Y(–1, –8), and Z(–5, –8); 

 

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–6 – 1, –5 + 4), X’(–2 – 1, –5 
+ 4), Y’(–1 – 1, –8 + 4), and Z’(–5 – 1, –8 + 4). 
  

   

ANSWER:  

 

7. VIDEO GAMES The object of the video game 
shown is to manipulate the colored tiles left or right 
as they fall from the top of the screen to completely 
fill each row without leaving empty spaces. If the 
starting position of the tile piece at the top of the 
screen is (x, y), use function notation to describe the 
translation that will fill the indicated row. 

 

SOLUTION:  
There is only one block space for the row to be 
complete. For the object to fit in the place, it should 
be moved 3 places right and 5 places down. So, the 

translation vector should be  

Therefore, the translation is  

ANSWER:  
 

TOOLS  Copy the figure and the given 
translation vector. Then draw the translation of 
the figure along the translation vector. 

8.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point J' by marking off this distance along the line 
through vertex J, starting at J and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect vertices J', K',  L', and M' to form
the translated image. 

 

ANSWER:  

 

9.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point A ' by marking off this distance along the line 
through vertex A , starting at A  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points B' and C'. 
Then connect vertices A ', B', and C' to form the 
translated image. 

 

ANSWER:  

 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
  
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point X ' by marking off this distance along the line 
through vertex X , starting at X  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect vertices X ', Y', and Z' to form the 
translated image. 

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point D' by marking off this distance along the line 
through vertex D, starting at D and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect vertices D', F', G' and H' to form 
the translated image. 

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point V' by marking off this distance along the line 
through vertex V, starting at V and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect vertices V', W', X ', Y' and Z' 
to form the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

14.  with vertices A(1, 6), B(3, 2), and C(4, 

7);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are A’(1 + 4, 6 – 1), B’(3 + 4, 2 – 1), and 
C’(4 + 4, 7 – 1). 

 

ANSWER:  

 

15.  with vertices M (4, –5), N(5, –8), and P(8, –
6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are M ’(4 – 2, –5 + 5), N’(5 – 2, –8 + 5), and 
P’(8 – , –6 + 5). 

 

ANSWER:  

 

16. rectangle QRST with vertices Q(–8, 4), R(–8, 2), S(–
3, 2), and T(–3, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
rectangle are Q’(–8 + 2, 4 + 3), R’(–8 + 2, 2 + 3), 
S’(–3 + 2, 2 + 3), and T’(–3 + 2, 4 + 3). 

 

ANSWER:  

 

17. quadrilateral FGHJ with vertices F(–4, –2), G(–1, –
1), H(0, –4), and J(–3, –6);  

SOLUTION:  
The coordinates of the vertices of the translated 
quadrilateral are F’(–4 – 5, –2 – 2), G’(–1 – 5, –1 – 
2), H’(0 – 5, –4 – 2), and J’(–3 – 5, –6 – 2). 

 

ANSWER:  

 

18.  with vertices W(–3, –1), X(1, –1), Y(2, –4), 

and Z(–2, –4);  

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–3 – 3, –1 + 4), X’(1 – 3, –1 + 
4), Y’(2 – 3, –4 + 4), and Z’(–2 – 3, –4 + 4). 

 

ANSWER:  

 

19. trapezoid JKLM with vertices J(–4, –2), K(–1, –2), L

(0, –5), and M (–5, –5);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(–4 + 6, –2 + 5), K’(–1 + 6, –2 + 5), 
L’(0 + 6, –5 + 5), and M ’(–5 + 6, –5 + 5). 

 

ANSWER:  

 

20. PROBLEM SOLVING Brittany’s neighborhood is 
shown on the grid at the right. 

 
a. If she leaves home and travels 4 blocks north and 
3 blocks east, what is her new location? 
b. Use words to describe two possible translations 
that will take Brittany home from school. 

SOLUTION:  
a. Since the north side is marked upwards, travelling 
4 blocks north and 3 blocks east means moving 4 
blocks up and 3 blocks right. The point 4 blocks up 
and 3 blocks right to the home is the library. 
Therefore, her new location will be the library. 
b. The resultant vector must be . Any 
combination of vectors that form this resultant vector
will be satisfactory. 
  
 She can go west 5 blocks and then south 1 block, or 
she can go south 1 block and then west 5 blocks to 
reach the school. 

ANSWER:  
a. Library 
b. Sample answer: She can go west 5 blocks and 
then south 1 block, or she can go south 1 block and 
then west 5 blocks. 

21. FOOTBALL A wide receiver starts from his 15-
yard line on the right hash mark and runs a route that
takes him 12 yards to the left and down field for a 
gain of 17 yards. Write a translation vector to 
describe the receiver’s route. 

 

SOLUTION:  
The receiver starts on the right hash of the 15-yard 
line and moves 12 yards left and then 17 yards down 
field, or upwards as shown in the diagram.  

 
So, a translation vector that represents the receiver's 

route would be    

ANSWER:  
 

22. MULTI-STEP Each type of chess piece has a rule
for how it can be moved. A knight can move two 
squares horizontally and then one square vertically, 
or two squares vertically and one square 
horizontally. The bishop can only move diagonally. 
When a chess piece moves to a space that is 
occupied by an opponent’s piece, it is attacking that
piece. 

                            
a. What is the maximum number of knights that 
could be placed on an 8 by 8 chessboard so that 
none of the pieces can attack each other? What is 
the maximum number of bishops?  
b. Explain your solution process.  

SOLUTION:  
a-b.  I began by analyzing the movements of a single
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. Therefore,  is the 
maximum number of knight on an 8 by 8 
chessboard so that none can attack each other.  
      The bishops can move diagonally in any 
direction. I began by filling the entire first row of the 
chessboard with bishops. I crossed off all of the 
squares that could no longer be occupied by 
another bishop. From the remaining spaces 
available, you can fit the most bishops along the last 
row. Because the first and last square on the row 
can be attacked by a bishop on the opposite side of
the board, there are only 6 spaces available. So, 14
bishops can occupy a chessboard without being 
able to attack one another. 

 

ANSWER:  
a.  32; 14 
b. I began by analyzing the movements of a single 
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. The bishops can move 
diagonally in any direction. I began by filling the 
entire first row of the chessboard with bishops. I 
crossed off all of the squares that could no longer 
be occupied by another bishop. From the remaining
spaces available, you can fit the most bishops along 
the last row. Because the first and last square on the
row can be attacked by a bishop on the opposite 
side of the board, there are only 6 spaces available. 
So, 14 bishops can occupy a chessboard without 
being able to attack one another. 

Write each translation vector that maps the 
blue preimage to the green image. 

23.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue triangle is at (–2, 4). The top vertex of the green
triangle is at (1, –1), Subtract the coordinates. 
  
1 – (–2) = 3 
–1 – 4 = –5 
  
The triangle has been translated 3 units right and 5 

units down. So, the translation vector is  

ANSWER:  
 

24.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue pentagon is at (2, 0). The top vertex of the green
pentagon is at (–4, 4), Subtract the coordinates. 
  
–4 – (2) = –6 
4 – 0 = 4 
  
The pentagon has been translated 6 units left and 4 

units up. So, the translation vector is  

ANSWER:  
 

25. CONCERTS Dexter’s family buys tickets every 
year for a concert. Last year they were in seats C3, 
C4, C5, and C6. This year, they will be in seats D16, 
D17, D18, and D19. Write a translation in words and 
using vector notation that can be used to describe the
change in their seating. 

 

SOLUTION:  
Pick a seat from the new row and compare it to the 
corresponding seat in the previous row. The seat 
D16 is 13 seats right and 1 row back to C3. 
Therefore, the translation vector can be represented 

as  

ANSWER:  
They move to the right 13 seats and back one row; 

 

SENSE-MAKING Graph the translation of each
function along the given vector. Then write the 
equation of the translated image. 

26.   

 

SOLUTION:  

The translation of translates each point of 

 4 units right and 1 unit up. Thus,  the vertex 
of (0, 0) will translate to (4, 1). (1, 1) translates to (5, 
2) and (–1, 1) translates to (3, 2), etc. 
  

 
The equation for the translated function is y  = (x – 4)
2
 + 1. 

ANSWER:  

 
y = (x – 4)

2
 + 1 

27.   

 

SOLUTION:  

The translation of    translates each point of 

 2 units left. Thus,  the intercept of (0, 0) 
will translate to (–2, 0). (1, –1) translates to (–1, –1) 
and (–1, 1) translates to (–3, 1), etc. 
  

 
The equation of the translated function is y  = –(x + 

2)
3. 

ANSWER:  

 
y = –(x + 2)

3 

28. ROLLER COASTERS The length of the roller 
coaster track from the top of a hill to the bottom of 
the hill is 125 feet at a 53° angle with the vertical. If 
the position at the top of the hill is (x, y), use function 
notation to describe the translation to the bottom of 
the hill. Round to the nearest foot. 

SOLUTION:  
We have a triangle as shown. 

 
Use trigonometric ratios to find the vertical and 
horizontal changes of the coordinates of points from 
A to B. 
  

 

  
The vertex B is 75 ft down and 100 ft left to A. 
Therefore, the translation is (x, y) → (x – 75, y  – 
100). 

ANSWER:  
(x, y) → (x + 75, y  – 100) 

29. MULTIPLE REPRESENTATIONS In this 
problem, you will investigate reflections over a pair of
parallel lines. 

 
a. GEOMETRIC On patty paper, draw and 
a pair of vertical lines  l and m. Reflect in line l  by 
folding the patty paper. Then reflect, , in line 

m. Label the final image . 

b. GEOMETRIC Repeat the process in part a for 

reflected in vertical lines n and p  and 

 reflected in vertical lines q and r. 
c. TABULAR Copy and complete the table below. 

 
d. VERBAL Describe the result of two reflections 
in two vertical lines using one transformation. 

SOLUTION:  
a. 
Step 1: Draw ABC and line l and line m.  
Step 2: Fold the paper on line l.  Sketch the figure 
A'B'C'. 
Step 3: Fold the paper on line m.  Sketch the figure 
A''B''C''. 

 
  
b. 
Draw another triangle DEF and line n and line p  . 
Reflect twice following the steps in part a.  

 
  
Draw another triangle JKL and line q and line r . 
Reflect twice following the steps in part a.  
  

 
  
c. 

   
  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

ANSWER:  
a. 

 
b. 

 

 

c.  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

30. REASONING Determine a rule to find the final 
image of a point that is translated along 

and then . 

SOLUTION:  

Translating along  and then along   is 

same as translating along . Therefore, 

the translation vector is  

ANSWER:  
 

31. CHALLENGE A line y  = mx + b is translated using

the vector . Write the equation of the translated

line. What is the value of the y-intercept? 

SOLUTION:  

The vector  maps the point (x, y) → (x + a, y  +

b).  
  
Step 1: Identify two points on the line y  = mx + b. 

When x = 0, y  = b. When y  = 0, x = . So two 

points on the line y  = mx + b are (0, b) and ( , 
0).  
  
Step 2: Find the location of these points under the 
vector translation .  

(0, b) → (0 + a, b + b) → (a, 2b) 
  

( , 0) → (  + a, 0 + b) → (  + a, b) 
  
Step 3: Use these points to determine the equation 
of the translated line.  
  

 
  
Since the line is translated with its orientation 
unchanged we would expect the slope of the line to 
remain unchanged. Substituting the point (a, 2b) into
the equation  we will find   , the y -
intercept of the translated line.  

 
  
Note that if we had used the second point on the 
translated line, we would have arrived at the same 
value for the new y -intercept. 

 
  
Substituting the value of the new y -intercept into the
equation, we arrive at the equation for the translated
line.  

 
Combine like terms.  

 

ANSWER:  

y = m(x – a) + 2b; 2b – ma 

32. OPEN-ENDED Draw a figure on the coordinate 
plane so that the figure has the same orientation after
it is reflected in the line y  = 1. Explain what must be 
true in order for this to occur. 

SOLUTION:  
Draw figure ABCD with vertices at  A(–4, 8), B (4, 
8), C (4, 4), and D(–, 4). Draw the line y  = 1. 

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

 
In order for the figures ABCD and A'B'C'D' to be the
same, they must match up when you fold the grid in 
half horizontally at the y = 1 line. 

ANSWER:  

 
Sample answer: in order for the figure to be the 
same, it must match up when you fold it in half 
horizontally at the y  = 1 line. 

33. WRITING IN MATH Compare and contrast 
function notation and vector notation for translations. 

SOLUTION:  
Both vector notation and function notation describe 
the distance a figure is translated in the horizontal 
and vertical directions. Vector notation only 
describes the movement. It does not determine the 
beginning and ending locations. Function notation 
does both. It will give the initial point, the distance of 
the horizontal and vertical translation, and the ending 
point. For example, the translation a units to the right 
and b units up from the point (x, y) would be written 

 in vector notation and (x, y) → (x + a, y  + b) 

in function notation. 

ANSWER:  
Sample answer: Both vector notation and function 
notation describe the distance a figure is translated in
the horizontal and vertical directions. Vector notation 
does not give a rule in terms of initial location, but 
function notation does. For example, the translation a 
units to the right and b units up from the point (x, y) 

would be written  in vector notation and (x, y) 

→ (x + a, y  + b) in function notation. 

34. WRITING IN MATH Recall from Lesson 3-1 that
an invariant point maps onto itself. Can invariant 
points occur with translations? Explain why or why 
not. 

SOLUTION:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

ANSWER:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

35. On a grid triangle PQR has vertices P(2, 1), Q(3, –
1), and R(–1, –2) as shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). Find the coordinates of the vertices of triangle 
P'Q'R'. 
  
P' =  
Q' =  
R' =  
  
b. Which point lies in the interior of triangle P'Q'R'? 
A (0, –1) 
B (2, –4) 
C (–2, –4) 
D (–2, 2) 

SOLUTION:  
PQR has vertices P(2, 1), Q(3, –1), and R(–1, –2) as
shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). So the coordinates of the vertices of triangle 
P'Q'R' can be found by subtracting 2 from each x-
coordinate and adding 3 to each y-coordinate. 
  
P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. To find which point lies in the interior of triangle 
P'Q'R', either plot the image triangle on the 
coordinate plane and check, or notice that all of the 
image triangle is in quadrants I and II, and only 
answer choice D (–2, 2) is in either of those 
quadrants. 
  

ANSWER:  
a. P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. D 

36. Which of the following is the image of the line 
 under the translation (x, y) → (
)?  

A  
B  
C  
D  

SOLUTION:  
The translation of   can be 
thought of graphically, as a translation of the line 

 one unit to the left and one unit up. This 
would result in the translation graph seen below. The 
resulting line would be  . The correct 
choice is C. 

 

ANSWER:  
C 

37. Which of the following vectors will translate a point 
with the coordinates (3, –5) up and to the left on a 
coordinate plane? 
  
A  
B  
C  
D  

SOLUTION:  
The coordinates of the point do not matter, if a 
translation vector is to move a point up and to the 

left, the vector must be of the form , where a is
negative and b is positive. 
  
The correct answer is choice C. 

ANSWER:  
C 

38. Given a triangle with vertices A(–7, –1), B(–2, –3) 
and C(2, 4), which of the following represents the 
coordinates of the vertices of the image after a 
translation of the triangle 5 units right and 3 units up? 
  
A A(–4, 4), B(1, 2) and C(5, 9) 
B A(–2, 2), B(3, 0) and C(7, 7) 
C A(–12, 2), B(–7, 0) and C(–3, 7) 
D A(–2, –4), B(3, –6) and C(7, 1) 

SOLUTION:  
To translate A(–7, –1), B(–2, –3) and C(2, 4) five 
units right and three units up, add 5 to each x-
coordinate and add 3 to each y-coordinate.  
  
A(–7, –1), B(–2, –3), C(2, 4) → A(–7 + 5, –1 + 3), B
(–2 + 5, –3 + 3), C(2 + 5, 4 + 3)  
which is equivalent to  A(–2, 2), B(3, 0), C(7, 7).  

ANSWER:  
B 

39. Which of the following statements is true for both the
translation  and the translation 

?  
A   A point and its image have the same y-
coordinate. 
B   Points on the x-axis are mapped to other points 
on the x-axis. 
C   The translation vector is . 
D    A point in Quadrant I is mapped to another point
in Quadrant I. 

SOLUTION:  
Option A cannot be true, as the 
translation   would translate 
each y-coordinate up 2 units.  
Option B cannot be true, as the translation 

 would translate the point (2,0) 
to (2,2), a point no longer on the x-axis.  
Option C cannot be true, as the translation vertex 
for   would be , not . 
Option D is the correct choice as any point with 
positive x and y  coordinates will remain positive with 
either translation. Therefore they will remain in 
Quadrant I. 

ANSWER:  
D 

40. What is the distance between any point and its image
under the translation ? 
Round to the nearest tenth. 

SOLUTION:  
The distance between any point and its image are the
same, under the same translation. Therefore, choose 
any point, find its image under the 
translation  , and then use 
the Distance Formula to find the distance between 
these two points.  
  
Example: The image of point  would be 

.  

 
      

ANSWER:  
7.2 

41. Under which of the following translations does the 
image of rectangle JKLM not overlap rectangle 
JKLM? 

               
A     
B    
C    
D     
E     

SOLUTION:  
For JKLM to not overlap its image, the translation of 
the x-coordinates would have to be either more than 
3 or less than negative 3, since the length of the 
rectangle is 3 units. The only choice for which this is 
true is D.  

ANSWER:  
D 

eSolutions Manual - Powered by Cognero Page 3

3-2 Translations 



Copy the figure and the given translation 
vector. Then draw the translation of the figure 
along the translation vector. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point B' by marking off this distance along the line 
through vertex B, starting at B and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points C' and D'. 
Then connect vertices B', C', and D' to form the 
translated image. 
  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point W' by marking off this distance along the line 
through vertex W, starting at W and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect vertices W', X ', Y' and Z' to form 
the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

4. trapezoid JKLM with vertices J(2, 4), K(1, 1), L(5, 1)

and M (4, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(2 + 7, 4 + 1), K’(1 + 7, 1 + 1), L’(5 +
7, 1 + 1) and M ’(4 + 7, 4 + 1). 

 

ANSWER:  

 

5.  with vertices D(–8, 8), F(–10, 4), and G(–7, 

6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are D’(–8 + 5, 8 – 2), F’(–10 + 5, 4 – 2), and
G’(–7 + 5, 6 – 2). 

 

ANSWER:  

 

6. parallelogram WXYZ with vertices W(–6, –5), X(–2, –
5), Y(–1, –8), and Z(–5, –8); 

 

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–6 – 1, –5 + 4), X’(–2 – 1, –5 
+ 4), Y’(–1 – 1, –8 + 4), and Z’(–5 – 1, –8 + 4). 
  

   

ANSWER:  

 

7. VIDEO GAMES The object of the video game 
shown is to manipulate the colored tiles left or right 
as they fall from the top of the screen to completely 
fill each row without leaving empty spaces. If the 
starting position of the tile piece at the top of the 
screen is (x, y), use function notation to describe the 
translation that will fill the indicated row. 

 

SOLUTION:  
There is only one block space for the row to be 
complete. For the object to fit in the place, it should 
be moved 3 places right and 5 places down. So, the 

translation vector should be  

Therefore, the translation is  

ANSWER:  
 

TOOLS  Copy the figure and the given 
translation vector. Then draw the translation of 
the figure along the translation vector. 

8.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point J' by marking off this distance along the line 
through vertex J, starting at J and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect vertices J', K',  L', and M' to form
the translated image. 

 

ANSWER:  

 

9.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point A ' by marking off this distance along the line 
through vertex A , starting at A  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points B' and C'. 
Then connect vertices A ', B', and C' to form the 
translated image. 

 

ANSWER:  

 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
  
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point X ' by marking off this distance along the line 
through vertex X , starting at X  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect vertices X ', Y', and Z' to form the 
translated image. 

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point D' by marking off this distance along the line 
through vertex D, starting at D and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect vertices D', F', G' and H' to form 
the translated image. 

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point V' by marking off this distance along the line 
through vertex V, starting at V and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect vertices V', W', X ', Y' and Z' 
to form the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

14.  with vertices A(1, 6), B(3, 2), and C(4, 

7);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are A’(1 + 4, 6 – 1), B’(3 + 4, 2 – 1), and 
C’(4 + 4, 7 – 1). 

 

ANSWER:  

 

15.  with vertices M (4, –5), N(5, –8), and P(8, –
6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are M ’(4 – 2, –5 + 5), N’(5 – 2, –8 + 5), and 
P’(8 – , –6 + 5). 

 

ANSWER:  

 

16. rectangle QRST with vertices Q(–8, 4), R(–8, 2), S(–
3, 2), and T(–3, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
rectangle are Q’(–8 + 2, 4 + 3), R’(–8 + 2, 2 + 3), 
S’(–3 + 2, 2 + 3), and T’(–3 + 2, 4 + 3). 

 

ANSWER:  

 

17. quadrilateral FGHJ with vertices F(–4, –2), G(–1, –
1), H(0, –4), and J(–3, –6);  

SOLUTION:  
The coordinates of the vertices of the translated 
quadrilateral are F’(–4 – 5, –2 – 2), G’(–1 – 5, –1 – 
2), H’(0 – 5, –4 – 2), and J’(–3 – 5, –6 – 2). 

 

ANSWER:  

 

18.  with vertices W(–3, –1), X(1, –1), Y(2, –4), 

and Z(–2, –4);  

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–3 – 3, –1 + 4), X’(1 – 3, –1 + 
4), Y’(2 – 3, –4 + 4), and Z’(–2 – 3, –4 + 4). 

 

ANSWER:  

 

19. trapezoid JKLM with vertices J(–4, –2), K(–1, –2), L

(0, –5), and M (–5, –5);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(–4 + 6, –2 + 5), K’(–1 + 6, –2 + 5), 
L’(0 + 6, –5 + 5), and M ’(–5 + 6, –5 + 5). 

 

ANSWER:  

 

20. PROBLEM SOLVING Brittany’s neighborhood is 
shown on the grid at the right. 

 
a. If she leaves home and travels 4 blocks north and 
3 blocks east, what is her new location? 
b. Use words to describe two possible translations 
that will take Brittany home from school. 

SOLUTION:  
a. Since the north side is marked upwards, travelling 
4 blocks north and 3 blocks east means moving 4 
blocks up and 3 blocks right. The point 4 blocks up 
and 3 blocks right to the home is the library. 
Therefore, her new location will be the library. 
b. The resultant vector must be . Any 
combination of vectors that form this resultant vector
will be satisfactory. 
  
 She can go west 5 blocks and then south 1 block, or 
she can go south 1 block and then west 5 blocks to 
reach the school. 

ANSWER:  
a. Library 
b. Sample answer: She can go west 5 blocks and 
then south 1 block, or she can go south 1 block and 
then west 5 blocks. 

21. FOOTBALL A wide receiver starts from his 15-
yard line on the right hash mark and runs a route that
takes him 12 yards to the left and down field for a 
gain of 17 yards. Write a translation vector to 
describe the receiver’s route. 

 

SOLUTION:  
The receiver starts on the right hash of the 15-yard 
line and moves 12 yards left and then 17 yards down 
field, or upwards as shown in the diagram.  

 
So, a translation vector that represents the receiver's 

route would be    

ANSWER:  
 

22. MULTI-STEP Each type of chess piece has a rule
for how it can be moved. A knight can move two 
squares horizontally and then one square vertically, 
or two squares vertically and one square 
horizontally. The bishop can only move diagonally. 
When a chess piece moves to a space that is 
occupied by an opponent’s piece, it is attacking that
piece. 

                            
a. What is the maximum number of knights that 
could be placed on an 8 by 8 chessboard so that 
none of the pieces can attack each other? What is 
the maximum number of bishops?  
b. Explain your solution process.  

SOLUTION:  
a-b.  I began by analyzing the movements of a single
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. Therefore,  is the 
maximum number of knight on an 8 by 8 
chessboard so that none can attack each other.  
      The bishops can move diagonally in any 
direction. I began by filling the entire first row of the 
chessboard with bishops. I crossed off all of the 
squares that could no longer be occupied by 
another bishop. From the remaining spaces 
available, you can fit the most bishops along the last 
row. Because the first and last square on the row 
can be attacked by a bishop on the opposite side of
the board, there are only 6 spaces available. So, 14
bishops can occupy a chessboard without being 
able to attack one another. 

 

ANSWER:  
a.  32; 14 
b. I began by analyzing the movements of a single 
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. The bishops can move 
diagonally in any direction. I began by filling the 
entire first row of the chessboard with bishops. I 
crossed off all of the squares that could no longer 
be occupied by another bishop. From the remaining
spaces available, you can fit the most bishops along 
the last row. Because the first and last square on the
row can be attacked by a bishop on the opposite 
side of the board, there are only 6 spaces available. 
So, 14 bishops can occupy a chessboard without 
being able to attack one another. 

Write each translation vector that maps the 
blue preimage to the green image. 

23.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue triangle is at (–2, 4). The top vertex of the green
triangle is at (1, –1), Subtract the coordinates. 
  
1 – (–2) = 3 
–1 – 4 = –5 
  
The triangle has been translated 3 units right and 5 

units down. So, the translation vector is  

ANSWER:  
 

24.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue pentagon is at (2, 0). The top vertex of the green
pentagon is at (–4, 4), Subtract the coordinates. 
  
–4 – (2) = –6 
4 – 0 = 4 
  
The pentagon has been translated 6 units left and 4 

units up. So, the translation vector is  

ANSWER:  
 

25. CONCERTS Dexter’s family buys tickets every 
year for a concert. Last year they were in seats C3, 
C4, C5, and C6. This year, they will be in seats D16, 
D17, D18, and D19. Write a translation in words and 
using vector notation that can be used to describe the
change in their seating. 

 

SOLUTION:  
Pick a seat from the new row and compare it to the 
corresponding seat in the previous row. The seat 
D16 is 13 seats right and 1 row back to C3. 
Therefore, the translation vector can be represented 

as  

ANSWER:  
They move to the right 13 seats and back one row; 

 

SENSE-MAKING Graph the translation of each
function along the given vector. Then write the 
equation of the translated image. 

26.   

 

SOLUTION:  

The translation of translates each point of 

 4 units right and 1 unit up. Thus,  the vertex 
of (0, 0) will translate to (4, 1). (1, 1) translates to (5, 
2) and (–1, 1) translates to (3, 2), etc. 
  

 
The equation for the translated function is y  = (x – 4)
2
 + 1. 

ANSWER:  

 
y = (x – 4)

2
 + 1 

27.   

 

SOLUTION:  

The translation of    translates each point of 

 2 units left. Thus,  the intercept of (0, 0) 
will translate to (–2, 0). (1, –1) translates to (–1, –1) 
and (–1, 1) translates to (–3, 1), etc. 
  

 
The equation of the translated function is y  = –(x + 

2)
3. 

ANSWER:  

 
y = –(x + 2)

3 

28. ROLLER COASTERS The length of the roller 
coaster track from the top of a hill to the bottom of 
the hill is 125 feet at a 53° angle with the vertical. If 
the position at the top of the hill is (x, y), use function 
notation to describe the translation to the bottom of 
the hill. Round to the nearest foot. 

SOLUTION:  
We have a triangle as shown. 

 
Use trigonometric ratios to find the vertical and 
horizontal changes of the coordinates of points from 
A to B. 
  

 

  
The vertex B is 75 ft down and 100 ft left to A. 
Therefore, the translation is (x, y) → (x – 75, y  – 
100). 

ANSWER:  
(x, y) → (x + 75, y  – 100) 

29. MULTIPLE REPRESENTATIONS In this 
problem, you will investigate reflections over a pair of
parallel lines. 

 
a. GEOMETRIC On patty paper, draw and 
a pair of vertical lines  l and m. Reflect in line l  by 
folding the patty paper. Then reflect, , in line 

m. Label the final image . 

b. GEOMETRIC Repeat the process in part a for 

reflected in vertical lines n and p  and 

 reflected in vertical lines q and r. 
c. TABULAR Copy and complete the table below. 

 
d. VERBAL Describe the result of two reflections 
in two vertical lines using one transformation. 

SOLUTION:  
a. 
Step 1: Draw ABC and line l and line m.  
Step 2: Fold the paper on line l.  Sketch the figure 
A'B'C'. 
Step 3: Fold the paper on line m.  Sketch the figure 
A''B''C''. 

 
  
b. 
Draw another triangle DEF and line n and line p  . 
Reflect twice following the steps in part a.  

 
  
Draw another triangle JKL and line q and line r . 
Reflect twice following the steps in part a.  
  

 
  
c. 

   
  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

ANSWER:  
a. 

 
b. 

 

 

c.  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

30. REASONING Determine a rule to find the final 
image of a point that is translated along 

and then . 

SOLUTION:  

Translating along  and then along   is 

same as translating along . Therefore, 

the translation vector is  

ANSWER:  
 

31. CHALLENGE A line y  = mx + b is translated using

the vector . Write the equation of the translated

line. What is the value of the y-intercept? 

SOLUTION:  

The vector  maps the point (x, y) → (x + a, y  +

b).  
  
Step 1: Identify two points on the line y  = mx + b. 

When x = 0, y  = b. When y  = 0, x = . So two 

points on the line y  = mx + b are (0, b) and ( , 
0).  
  
Step 2: Find the location of these points under the 
vector translation .  

(0, b) → (0 + a, b + b) → (a, 2b) 
  

( , 0) → (  + a, 0 + b) → (  + a, b) 
  
Step 3: Use these points to determine the equation 
of the translated line.  
  

 
  
Since the line is translated with its orientation 
unchanged we would expect the slope of the line to 
remain unchanged. Substituting the point (a, 2b) into
the equation  we will find   , the y -
intercept of the translated line.  

 
  
Note that if we had used the second point on the 
translated line, we would have arrived at the same 
value for the new y -intercept. 

 
  
Substituting the value of the new y -intercept into the
equation, we arrive at the equation for the translated
line.  

 
Combine like terms.  

 

ANSWER:  

y = m(x – a) + 2b; 2b – ma 

32. OPEN-ENDED Draw a figure on the coordinate 
plane so that the figure has the same orientation after
it is reflected in the line y  = 1. Explain what must be 
true in order for this to occur. 

SOLUTION:  
Draw figure ABCD with vertices at  A(–4, 8), B (4, 
8), C (4, 4), and D(–, 4). Draw the line y  = 1. 

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

 
In order for the figures ABCD and A'B'C'D' to be the
same, they must match up when you fold the grid in 
half horizontally at the y = 1 line. 

ANSWER:  

 
Sample answer: in order for the figure to be the 
same, it must match up when you fold it in half 
horizontally at the y  = 1 line. 

33. WRITING IN MATH Compare and contrast 
function notation and vector notation for translations. 

SOLUTION:  
Both vector notation and function notation describe 
the distance a figure is translated in the horizontal 
and vertical directions. Vector notation only 
describes the movement. It does not determine the 
beginning and ending locations. Function notation 
does both. It will give the initial point, the distance of 
the horizontal and vertical translation, and the ending 
point. For example, the translation a units to the right 
and b units up from the point (x, y) would be written 

 in vector notation and (x, y) → (x + a, y  + b) 

in function notation. 

ANSWER:  
Sample answer: Both vector notation and function 
notation describe the distance a figure is translated in
the horizontal and vertical directions. Vector notation 
does not give a rule in terms of initial location, but 
function notation does. For example, the translation a 
units to the right and b units up from the point (x, y) 

would be written  in vector notation and (x, y) 

→ (x + a, y  + b) in function notation. 

34. WRITING IN MATH Recall from Lesson 3-1 that
an invariant point maps onto itself. Can invariant 
points occur with translations? Explain why or why 
not. 

SOLUTION:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

ANSWER:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

35. On a grid triangle PQR has vertices P(2, 1), Q(3, –
1), and R(–1, –2) as shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). Find the coordinates of the vertices of triangle 
P'Q'R'. 
  
P' =  
Q' =  
R' =  
  
b. Which point lies in the interior of triangle P'Q'R'? 
A (0, –1) 
B (2, –4) 
C (–2, –4) 
D (–2, 2) 

SOLUTION:  
PQR has vertices P(2, 1), Q(3, –1), and R(–1, –2) as
shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). So the coordinates of the vertices of triangle 
P'Q'R' can be found by subtracting 2 from each x-
coordinate and adding 3 to each y-coordinate. 
  
P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. To find which point lies in the interior of triangle 
P'Q'R', either plot the image triangle on the 
coordinate plane and check, or notice that all of the 
image triangle is in quadrants I and II, and only 
answer choice D (–2, 2) is in either of those 
quadrants. 
  

ANSWER:  
a. P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. D 

36. Which of the following is the image of the line 
 under the translation (x, y) → (
)?  

A  
B  
C  
D  

SOLUTION:  
The translation of   can be 
thought of graphically, as a translation of the line 

 one unit to the left and one unit up. This 
would result in the translation graph seen below. The 
resulting line would be  . The correct 
choice is C. 

 

ANSWER:  
C 

37. Which of the following vectors will translate a point 
with the coordinates (3, –5) up and to the left on a 
coordinate plane? 
  
A  
B  
C  
D  

SOLUTION:  
The coordinates of the point do not matter, if a 
translation vector is to move a point up and to the 

left, the vector must be of the form , where a is
negative and b is positive. 
  
The correct answer is choice C. 

ANSWER:  
C 

38. Given a triangle with vertices A(–7, –1), B(–2, –3) 
and C(2, 4), which of the following represents the 
coordinates of the vertices of the image after a 
translation of the triangle 5 units right and 3 units up? 
  
A A(–4, 4), B(1, 2) and C(5, 9) 
B A(–2, 2), B(3, 0) and C(7, 7) 
C A(–12, 2), B(–7, 0) and C(–3, 7) 
D A(–2, –4), B(3, –6) and C(7, 1) 

SOLUTION:  
To translate A(–7, –1), B(–2, –3) and C(2, 4) five 
units right and three units up, add 5 to each x-
coordinate and add 3 to each y-coordinate.  
  
A(–7, –1), B(–2, –3), C(2, 4) → A(–7 + 5, –1 + 3), B
(–2 + 5, –3 + 3), C(2 + 5, 4 + 3)  
which is equivalent to  A(–2, 2), B(3, 0), C(7, 7).  

ANSWER:  
B 

39. Which of the following statements is true for both the
translation  and the translation 

?  
A   A point and its image have the same y-
coordinate. 
B   Points on the x-axis are mapped to other points 
on the x-axis. 
C   The translation vector is . 
D    A point in Quadrant I is mapped to another point
in Quadrant I. 

SOLUTION:  
Option A cannot be true, as the 
translation   would translate 
each y-coordinate up 2 units.  
Option B cannot be true, as the translation 

 would translate the point (2,0) 
to (2,2), a point no longer on the x-axis.  
Option C cannot be true, as the translation vertex 
for   would be , not . 
Option D is the correct choice as any point with 
positive x and y  coordinates will remain positive with 
either translation. Therefore they will remain in 
Quadrant I. 

ANSWER:  
D 

40. What is the distance between any point and its image
under the translation ? 
Round to the nearest tenth. 

SOLUTION:  
The distance between any point and its image are the
same, under the same translation. Therefore, choose 
any point, find its image under the 
translation  , and then use 
the Distance Formula to find the distance between 
these two points.  
  
Example: The image of point  would be 

.  

 
      

ANSWER:  
7.2 

41. Under which of the following translations does the 
image of rectangle JKLM not overlap rectangle 
JKLM? 

               
A     
B    
C    
D     
E     

SOLUTION:  
For JKLM to not overlap its image, the translation of 
the x-coordinates would have to be either more than 
3 or less than negative 3, since the length of the 
rectangle is 3 units. The only choice for which this is 
true is D.  

ANSWER:  
D 

Copy the figure and the given translation 
vector. Then draw the translation of the figure 
along the translation vector. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point B' by marking off this distance along the line 
through vertex B, starting at B and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points C' and D'. 
Then connect vertices B', C', and D' to form the 
translated image. 
  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point W' by marking off this distance along the line 
through vertex W, starting at W and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect vertices W', X ', Y' and Z' to form 
the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

4. trapezoid JKLM with vertices J(2, 4), K(1, 1), L(5, 1)

and M (4, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(2 + 7, 4 + 1), K’(1 + 7, 1 + 1), L’(5 +
7, 1 + 1) and M ’(4 + 7, 4 + 1). 

 

ANSWER:  

 

5.  with vertices D(–8, 8), F(–10, 4), and G(–7, 

6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are D’(–8 + 5, 8 – 2), F’(–10 + 5, 4 – 2), and
G’(–7 + 5, 6 – 2). 

 

ANSWER:  

 

6. parallelogram WXYZ with vertices W(–6, –5), X(–2, –
5), Y(–1, –8), and Z(–5, –8); 

 

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–6 – 1, –5 + 4), X’(–2 – 1, –5 
+ 4), Y’(–1 – 1, –8 + 4), and Z’(–5 – 1, –8 + 4). 
  

   

ANSWER:  

 

7. VIDEO GAMES The object of the video game 
shown is to manipulate the colored tiles left or right 
as they fall from the top of the screen to completely 
fill each row without leaving empty spaces. If the 
starting position of the tile piece at the top of the 
screen is (x, y), use function notation to describe the 
translation that will fill the indicated row. 

 

SOLUTION:  
There is only one block space for the row to be 
complete. For the object to fit in the place, it should 
be moved 3 places right and 5 places down. So, the 

translation vector should be  

Therefore, the translation is  

ANSWER:  
 

TOOLS  Copy the figure and the given 
translation vector. Then draw the translation of 
the figure along the translation vector. 

8.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point J' by marking off this distance along the line 
through vertex J, starting at J and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect vertices J', K',  L', and M' to form
the translated image. 

 

ANSWER:  

 

9.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point A ' by marking off this distance along the line 
through vertex A , starting at A  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points B' and C'. 
Then connect vertices A ', B', and C' to form the 
translated image. 

 

ANSWER:  

 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
  
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point X ' by marking off this distance along the line 
through vertex X , starting at X  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect vertices X ', Y', and Z' to form the 
translated image. 

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point D' by marking off this distance along the line 
through vertex D, starting at D and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect vertices D', F', G' and H' to form 
the translated image. 

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point V' by marking off this distance along the line 
through vertex V, starting at V and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect vertices V', W', X ', Y' and Z' 
to form the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

14.  with vertices A(1, 6), B(3, 2), and C(4, 

7);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are A’(1 + 4, 6 – 1), B’(3 + 4, 2 – 1), and 
C’(4 + 4, 7 – 1). 

 

ANSWER:  

 

15.  with vertices M (4, –5), N(5, –8), and P(8, –
6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are M ’(4 – 2, –5 + 5), N’(5 – 2, –8 + 5), and 
P’(8 – , –6 + 5). 

 

ANSWER:  

 

16. rectangle QRST with vertices Q(–8, 4), R(–8, 2), S(–
3, 2), and T(–3, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
rectangle are Q’(–8 + 2, 4 + 3), R’(–8 + 2, 2 + 3), 
S’(–3 + 2, 2 + 3), and T’(–3 + 2, 4 + 3). 

 

ANSWER:  

 

17. quadrilateral FGHJ with vertices F(–4, –2), G(–1, –
1), H(0, –4), and J(–3, –6);  

SOLUTION:  
The coordinates of the vertices of the translated 
quadrilateral are F’(–4 – 5, –2 – 2), G’(–1 – 5, –1 – 
2), H’(0 – 5, –4 – 2), and J’(–3 – 5, –6 – 2). 

 

ANSWER:  

 

18.  with vertices W(–3, –1), X(1, –1), Y(2, –4), 

and Z(–2, –4);  

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–3 – 3, –1 + 4), X’(1 – 3, –1 + 
4), Y’(2 – 3, –4 + 4), and Z’(–2 – 3, –4 + 4). 

 

ANSWER:  

 

19. trapezoid JKLM with vertices J(–4, –2), K(–1, –2), L

(0, –5), and M (–5, –5);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(–4 + 6, –2 + 5), K’(–1 + 6, –2 + 5), 
L’(0 + 6, –5 + 5), and M ’(–5 + 6, –5 + 5). 

 

ANSWER:  

 

20. PROBLEM SOLVING Brittany’s neighborhood is 
shown on the grid at the right. 

 
a. If she leaves home and travels 4 blocks north and 
3 blocks east, what is her new location? 
b. Use words to describe two possible translations 
that will take Brittany home from school. 

SOLUTION:  
a. Since the north side is marked upwards, travelling 
4 blocks north and 3 blocks east means moving 4 
blocks up and 3 blocks right. The point 4 blocks up 
and 3 blocks right to the home is the library. 
Therefore, her new location will be the library. 
b. The resultant vector must be . Any 
combination of vectors that form this resultant vector
will be satisfactory. 
  
 She can go west 5 blocks and then south 1 block, or 
she can go south 1 block and then west 5 blocks to 
reach the school. 

ANSWER:  
a. Library 
b. Sample answer: She can go west 5 blocks and 
then south 1 block, or she can go south 1 block and 
then west 5 blocks. 

21. FOOTBALL A wide receiver starts from his 15-
yard line on the right hash mark and runs a route that
takes him 12 yards to the left and down field for a 
gain of 17 yards. Write a translation vector to 
describe the receiver’s route. 

 

SOLUTION:  
The receiver starts on the right hash of the 15-yard 
line and moves 12 yards left and then 17 yards down 
field, or upwards as shown in the diagram.  

 
So, a translation vector that represents the receiver's 

route would be    

ANSWER:  
 

22. MULTI-STEP Each type of chess piece has a rule
for how it can be moved. A knight can move two 
squares horizontally and then one square vertically, 
or two squares vertically and one square 
horizontally. The bishop can only move diagonally. 
When a chess piece moves to a space that is 
occupied by an opponent’s piece, it is attacking that
piece. 

                            
a. What is the maximum number of knights that 
could be placed on an 8 by 8 chessboard so that 
none of the pieces can attack each other? What is 
the maximum number of bishops?  
b. Explain your solution process.  

SOLUTION:  
a-b.  I began by analyzing the movements of a single
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. Therefore,  is the 
maximum number of knight on an 8 by 8 
chessboard so that none can attack each other.  
      The bishops can move diagonally in any 
direction. I began by filling the entire first row of the 
chessboard with bishops. I crossed off all of the 
squares that could no longer be occupied by 
another bishop. From the remaining spaces 
available, you can fit the most bishops along the last 
row. Because the first and last square on the row 
can be attacked by a bishop on the opposite side of
the board, there are only 6 spaces available. So, 14
bishops can occupy a chessboard without being 
able to attack one another. 

 

ANSWER:  
a.  32; 14 
b. I began by analyzing the movements of a single 
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. The bishops can move 
diagonally in any direction. I began by filling the 
entire first row of the chessboard with bishops. I 
crossed off all of the squares that could no longer 
be occupied by another bishop. From the remaining
spaces available, you can fit the most bishops along 
the last row. Because the first and last square on the
row can be attacked by a bishop on the opposite 
side of the board, there are only 6 spaces available. 
So, 14 bishops can occupy a chessboard without 
being able to attack one another. 

Write each translation vector that maps the 
blue preimage to the green image. 

23.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue triangle is at (–2, 4). The top vertex of the green
triangle is at (1, –1), Subtract the coordinates. 
  
1 – (–2) = 3 
–1 – 4 = –5 
  
The triangle has been translated 3 units right and 5 

units down. So, the translation vector is  

ANSWER:  
 

24.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue pentagon is at (2, 0). The top vertex of the green
pentagon is at (–4, 4), Subtract the coordinates. 
  
–4 – (2) = –6 
4 – 0 = 4 
  
The pentagon has been translated 6 units left and 4 

units up. So, the translation vector is  

ANSWER:  
 

25. CONCERTS Dexter’s family buys tickets every 
year for a concert. Last year they were in seats C3, 
C4, C5, and C6. This year, they will be in seats D16, 
D17, D18, and D19. Write a translation in words and 
using vector notation that can be used to describe the
change in their seating. 

 

SOLUTION:  
Pick a seat from the new row and compare it to the 
corresponding seat in the previous row. The seat 
D16 is 13 seats right and 1 row back to C3. 
Therefore, the translation vector can be represented 

as  

ANSWER:  
They move to the right 13 seats and back one row; 

 

SENSE-MAKING Graph the translation of each
function along the given vector. Then write the 
equation of the translated image. 

26.   

 

SOLUTION:  

The translation of translates each point of 

 4 units right and 1 unit up. Thus,  the vertex 
of (0, 0) will translate to (4, 1). (1, 1) translates to (5, 
2) and (–1, 1) translates to (3, 2), etc. 
  

 
The equation for the translated function is y  = (x – 4)
2
 + 1. 

ANSWER:  

 
y = (x – 4)

2
 + 1 

27.   

 

SOLUTION:  

The translation of    translates each point of 

 2 units left. Thus,  the intercept of (0, 0) 
will translate to (–2, 0). (1, –1) translates to (–1, –1) 
and (–1, 1) translates to (–3, 1), etc. 
  

 
The equation of the translated function is y  = –(x + 

2)
3. 

ANSWER:  

 
y = –(x + 2)

3 

28. ROLLER COASTERS The length of the roller 
coaster track from the top of a hill to the bottom of 
the hill is 125 feet at a 53° angle with the vertical. If 
the position at the top of the hill is (x, y), use function 
notation to describe the translation to the bottom of 
the hill. Round to the nearest foot. 

SOLUTION:  
We have a triangle as shown. 

 
Use trigonometric ratios to find the vertical and 
horizontal changes of the coordinates of points from 
A to B. 
  

 

  
The vertex B is 75 ft down and 100 ft left to A. 
Therefore, the translation is (x, y) → (x – 75, y  – 
100). 

ANSWER:  
(x, y) → (x + 75, y  – 100) 

29. MULTIPLE REPRESENTATIONS In this 
problem, you will investigate reflections over a pair of
parallel lines. 

 
a. GEOMETRIC On patty paper, draw and 
a pair of vertical lines  l and m. Reflect in line l  by 
folding the patty paper. Then reflect, , in line 

m. Label the final image . 

b. GEOMETRIC Repeat the process in part a for 

reflected in vertical lines n and p  and 

 reflected in vertical lines q and r. 
c. TABULAR Copy and complete the table below. 

 
d. VERBAL Describe the result of two reflections 
in two vertical lines using one transformation. 

SOLUTION:  
a. 
Step 1: Draw ABC and line l and line m.  
Step 2: Fold the paper on line l.  Sketch the figure 
A'B'C'. 
Step 3: Fold the paper on line m.  Sketch the figure 
A''B''C''. 

 
  
b. 
Draw another triangle DEF and line n and line p  . 
Reflect twice following the steps in part a.  

 
  
Draw another triangle JKL and line q and line r . 
Reflect twice following the steps in part a.  
  

 
  
c. 

   
  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

ANSWER:  
a. 

 
b. 

 

 

c.  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

30. REASONING Determine a rule to find the final 
image of a point that is translated along 

and then . 

SOLUTION:  

Translating along  and then along   is 

same as translating along . Therefore, 

the translation vector is  

ANSWER:  
 

31. CHALLENGE A line y  = mx + b is translated using

the vector . Write the equation of the translated

line. What is the value of the y-intercept? 

SOLUTION:  

The vector  maps the point (x, y) → (x + a, y  +

b).  
  
Step 1: Identify two points on the line y  = mx + b. 

When x = 0, y  = b. When y  = 0, x = . So two 

points on the line y  = mx + b are (0, b) and ( , 
0).  
  
Step 2: Find the location of these points under the 
vector translation .  

(0, b) → (0 + a, b + b) → (a, 2b) 
  

( , 0) → (  + a, 0 + b) → (  + a, b) 
  
Step 3: Use these points to determine the equation 
of the translated line.  
  

 
  
Since the line is translated with its orientation 
unchanged we would expect the slope of the line to 
remain unchanged. Substituting the point (a, 2b) into
the equation  we will find   , the y -
intercept of the translated line.  

 
  
Note that if we had used the second point on the 
translated line, we would have arrived at the same 
value for the new y -intercept. 

 
  
Substituting the value of the new y -intercept into the
equation, we arrive at the equation for the translated
line.  

 
Combine like terms.  

 

ANSWER:  

y = m(x – a) + 2b; 2b – ma 

32. OPEN-ENDED Draw a figure on the coordinate 
plane so that the figure has the same orientation after
it is reflected in the line y  = 1. Explain what must be 
true in order for this to occur. 

SOLUTION:  
Draw figure ABCD with vertices at  A(–4, 8), B (4, 
8), C (4, 4), and D(–, 4). Draw the line y  = 1. 

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

 
In order for the figures ABCD and A'B'C'D' to be the
same, they must match up when you fold the grid in 
half horizontally at the y = 1 line. 

ANSWER:  

 
Sample answer: in order for the figure to be the 
same, it must match up when you fold it in half 
horizontally at the y  = 1 line. 

33. WRITING IN MATH Compare and contrast 
function notation and vector notation for translations. 

SOLUTION:  
Both vector notation and function notation describe 
the distance a figure is translated in the horizontal 
and vertical directions. Vector notation only 
describes the movement. It does not determine the 
beginning and ending locations. Function notation 
does both. It will give the initial point, the distance of 
the horizontal and vertical translation, and the ending 
point. For example, the translation a units to the right 
and b units up from the point (x, y) would be written 

 in vector notation and (x, y) → (x + a, y  + b) 

in function notation. 

ANSWER:  
Sample answer: Both vector notation and function 
notation describe the distance a figure is translated in
the horizontal and vertical directions. Vector notation 
does not give a rule in terms of initial location, but 
function notation does. For example, the translation a 
units to the right and b units up from the point (x, y) 

would be written  in vector notation and (x, y) 

→ (x + a, y  + b) in function notation. 

34. WRITING IN MATH Recall from Lesson 3-1 that
an invariant point maps onto itself. Can invariant 
points occur with translations? Explain why or why 
not. 

SOLUTION:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

ANSWER:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

35. On a grid triangle PQR has vertices P(2, 1), Q(3, –
1), and R(–1, –2) as shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). Find the coordinates of the vertices of triangle 
P'Q'R'. 
  
P' =  
Q' =  
R' =  
  
b. Which point lies in the interior of triangle P'Q'R'? 
A (0, –1) 
B (2, –4) 
C (–2, –4) 
D (–2, 2) 

SOLUTION:  
PQR has vertices P(2, 1), Q(3, –1), and R(–1, –2) as
shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). So the coordinates of the vertices of triangle 
P'Q'R' can be found by subtracting 2 from each x-
coordinate and adding 3 to each y-coordinate. 
  
P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. To find which point lies in the interior of triangle 
P'Q'R', either plot the image triangle on the 
coordinate plane and check, or notice that all of the 
image triangle is in quadrants I and II, and only 
answer choice D (–2, 2) is in either of those 
quadrants. 
  

ANSWER:  
a. P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. D 

36. Which of the following is the image of the line 
 under the translation (x, y) → (
)?  

A  
B  
C  
D  

SOLUTION:  
The translation of   can be 
thought of graphically, as a translation of the line 

 one unit to the left and one unit up. This 
would result in the translation graph seen below. The 
resulting line would be  . The correct 
choice is C. 

 

ANSWER:  
C 

37. Which of the following vectors will translate a point 
with the coordinates (3, –5) up and to the left on a 
coordinate plane? 
  
A  
B  
C  
D  

SOLUTION:  
The coordinates of the point do not matter, if a 
translation vector is to move a point up and to the 

left, the vector must be of the form , where a is
negative and b is positive. 
  
The correct answer is choice C. 

ANSWER:  
C 

38. Given a triangle with vertices A(–7, –1), B(–2, –3) 
and C(2, 4), which of the following represents the 
coordinates of the vertices of the image after a 
translation of the triangle 5 units right and 3 units up? 
  
A A(–4, 4), B(1, 2) and C(5, 9) 
B A(–2, 2), B(3, 0) and C(7, 7) 
C A(–12, 2), B(–7, 0) and C(–3, 7) 
D A(–2, –4), B(3, –6) and C(7, 1) 

SOLUTION:  
To translate A(–7, –1), B(–2, –3) and C(2, 4) five 
units right and three units up, add 5 to each x-
coordinate and add 3 to each y-coordinate.  
  
A(–7, –1), B(–2, –3), C(2, 4) → A(–7 + 5, –1 + 3), B
(–2 + 5, –3 + 3), C(2 + 5, 4 + 3)  
which is equivalent to  A(–2, 2), B(3, 0), C(7, 7).  

ANSWER:  
B 

39. Which of the following statements is true for both the
translation  and the translation 

?  
A   A point and its image have the same y-
coordinate. 
B   Points on the x-axis are mapped to other points 
on the x-axis. 
C   The translation vector is . 
D    A point in Quadrant I is mapped to another point
in Quadrant I. 

SOLUTION:  
Option A cannot be true, as the 
translation   would translate 
each y-coordinate up 2 units.  
Option B cannot be true, as the translation 

 would translate the point (2,0) 
to (2,2), a point no longer on the x-axis.  
Option C cannot be true, as the translation vertex 
for   would be , not . 
Option D is the correct choice as any point with 
positive x and y  coordinates will remain positive with 
either translation. Therefore they will remain in 
Quadrant I. 

ANSWER:  
D 

40. What is the distance between any point and its image
under the translation ? 
Round to the nearest tenth. 

SOLUTION:  
The distance between any point and its image are the
same, under the same translation. Therefore, choose 
any point, find its image under the 
translation  , and then use 
the Distance Formula to find the distance between 
these two points.  
  
Example: The image of point  would be 

.  

 
      

ANSWER:  
7.2 

41. Under which of the following translations does the 
image of rectangle JKLM not overlap rectangle 
JKLM? 

               
A     
B    
C    
D     
E     

SOLUTION:  
For JKLM to not overlap its image, the translation of 
the x-coordinates would have to be either more than 
3 or less than negative 3, since the length of the 
rectangle is 3 units. The only choice for which this is 
true is D.  

ANSWER:  
D 
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3-2 Translations 



Copy the figure and the given translation 
vector. Then draw the translation of the figure 
along the translation vector. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point B' by marking off this distance along the line 
through vertex B, starting at B and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points C' and D'. 
Then connect vertices B', C', and D' to form the 
translated image. 
  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point W' by marking off this distance along the line 
through vertex W, starting at W and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect vertices W', X ', Y' and Z' to form 
the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

4. trapezoid JKLM with vertices J(2, 4), K(1, 1), L(5, 1)

and M (4, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(2 + 7, 4 + 1), K’(1 + 7, 1 + 1), L’(5 +
7, 1 + 1) and M ’(4 + 7, 4 + 1). 

 

ANSWER:  

 

5.  with vertices D(–8, 8), F(–10, 4), and G(–7, 

6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are D’(–8 + 5, 8 – 2), F’(–10 + 5, 4 – 2), and
G’(–7 + 5, 6 – 2). 

 

ANSWER:  

 

6. parallelogram WXYZ with vertices W(–6, –5), X(–2, –
5), Y(–1, –8), and Z(–5, –8); 

 

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–6 – 1, –5 + 4), X’(–2 – 1, –5 
+ 4), Y’(–1 – 1, –8 + 4), and Z’(–5 – 1, –8 + 4). 
  

   

ANSWER:  

 

7. VIDEO GAMES The object of the video game 
shown is to manipulate the colored tiles left or right 
as they fall from the top of the screen to completely 
fill each row without leaving empty spaces. If the 
starting position of the tile piece at the top of the 
screen is (x, y), use function notation to describe the 
translation that will fill the indicated row. 

 

SOLUTION:  
There is only one block space for the row to be 
complete. For the object to fit in the place, it should 
be moved 3 places right and 5 places down. So, the 

translation vector should be  

Therefore, the translation is  

ANSWER:  
 

TOOLS  Copy the figure and the given 
translation vector. Then draw the translation of 
the figure along the translation vector. 

8.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point J' by marking off this distance along the line 
through vertex J, starting at J and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect vertices J', K',  L', and M' to form
the translated image. 

 

ANSWER:  

 

9.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point A ' by marking off this distance along the line 
through vertex A , starting at A  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points B' and C'. 
Then connect vertices A ', B', and C' to form the 
translated image. 

 

ANSWER:  

 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
  
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point X ' by marking off this distance along the line 
through vertex X , starting at X  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect vertices X ', Y', and Z' to form the 
translated image. 

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point D' by marking off this distance along the line 
through vertex D, starting at D and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect vertices D', F', G' and H' to form 
the translated image. 

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point V' by marking off this distance along the line 
through vertex V, starting at V and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect vertices V', W', X ', Y' and Z' 
to form the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

14.  with vertices A(1, 6), B(3, 2), and C(4, 

7);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are A’(1 + 4, 6 – 1), B’(3 + 4, 2 – 1), and 
C’(4 + 4, 7 – 1). 

 

ANSWER:  

 

15.  with vertices M (4, –5), N(5, –8), and P(8, –
6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are M ’(4 – 2, –5 + 5), N’(5 – 2, –8 + 5), and 
P’(8 – , –6 + 5). 

 

ANSWER:  

 

16. rectangle QRST with vertices Q(–8, 4), R(–8, 2), S(–
3, 2), and T(–3, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
rectangle are Q’(–8 + 2, 4 + 3), R’(–8 + 2, 2 + 3), 
S’(–3 + 2, 2 + 3), and T’(–3 + 2, 4 + 3). 

 

ANSWER:  

 

17. quadrilateral FGHJ with vertices F(–4, –2), G(–1, –
1), H(0, –4), and J(–3, –6);  

SOLUTION:  
The coordinates of the vertices of the translated 
quadrilateral are F’(–4 – 5, –2 – 2), G’(–1 – 5, –1 – 
2), H’(0 – 5, –4 – 2), and J’(–3 – 5, –6 – 2). 

 

ANSWER:  

 

18.  with vertices W(–3, –1), X(1, –1), Y(2, –4), 

and Z(–2, –4);  

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–3 – 3, –1 + 4), X’(1 – 3, –1 + 
4), Y’(2 – 3, –4 + 4), and Z’(–2 – 3, –4 + 4). 

 

ANSWER:  

 

19. trapezoid JKLM with vertices J(–4, –2), K(–1, –2), L

(0, –5), and M (–5, –5);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(–4 + 6, –2 + 5), K’(–1 + 6, –2 + 5), 
L’(0 + 6, –5 + 5), and M ’(–5 + 6, –5 + 5). 

 

ANSWER:  

 

20. PROBLEM SOLVING Brittany’s neighborhood is 
shown on the grid at the right. 

 
a. If she leaves home and travels 4 blocks north and 
3 blocks east, what is her new location? 
b. Use words to describe two possible translations 
that will take Brittany home from school. 

SOLUTION:  
a. Since the north side is marked upwards, travelling 
4 blocks north and 3 blocks east means moving 4 
blocks up and 3 blocks right. The point 4 blocks up 
and 3 blocks right to the home is the library. 
Therefore, her new location will be the library. 
b. The resultant vector must be . Any 
combination of vectors that form this resultant vector
will be satisfactory. 
  
 She can go west 5 blocks and then south 1 block, or 
she can go south 1 block and then west 5 blocks to 
reach the school. 

ANSWER:  
a. Library 
b. Sample answer: She can go west 5 blocks and 
then south 1 block, or she can go south 1 block and 
then west 5 blocks. 

21. FOOTBALL A wide receiver starts from his 15-
yard line on the right hash mark and runs a route that
takes him 12 yards to the left and down field for a 
gain of 17 yards. Write a translation vector to 
describe the receiver’s route. 

 

SOLUTION:  
The receiver starts on the right hash of the 15-yard 
line and moves 12 yards left and then 17 yards down 
field, or upwards as shown in the diagram.  

 
So, a translation vector that represents the receiver's 

route would be    

ANSWER:  
 

22. MULTI-STEP Each type of chess piece has a rule
for how it can be moved. A knight can move two 
squares horizontally and then one square vertically, 
or two squares vertically and one square 
horizontally. The bishop can only move diagonally. 
When a chess piece moves to a space that is 
occupied by an opponent’s piece, it is attacking that
piece. 

                            
a. What is the maximum number of knights that 
could be placed on an 8 by 8 chessboard so that 
none of the pieces can attack each other? What is 
the maximum number of bishops?  
b. Explain your solution process.  

SOLUTION:  
a-b.  I began by analyzing the movements of a single
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. Therefore,  is the 
maximum number of knight on an 8 by 8 
chessboard so that none can attack each other.  
      The bishops can move diagonally in any 
direction. I began by filling the entire first row of the 
chessboard with bishops. I crossed off all of the 
squares that could no longer be occupied by 
another bishop. From the remaining spaces 
available, you can fit the most bishops along the last 
row. Because the first and last square on the row 
can be attacked by a bishop on the opposite side of
the board, there are only 6 spaces available. So, 14
bishops can occupy a chessboard without being 
able to attack one another. 

 

ANSWER:  
a.  32; 14 
b. I began by analyzing the movements of a single 
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. The bishops can move 
diagonally in any direction. I began by filling the 
entire first row of the chessboard with bishops. I 
crossed off all of the squares that could no longer 
be occupied by another bishop. From the remaining
spaces available, you can fit the most bishops along 
the last row. Because the first and last square on the
row can be attacked by a bishop on the opposite 
side of the board, there are only 6 spaces available. 
So, 14 bishops can occupy a chessboard without 
being able to attack one another. 

Write each translation vector that maps the 
blue preimage to the green image. 

23.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue triangle is at (–2, 4). The top vertex of the green
triangle is at (1, –1), Subtract the coordinates. 
  
1 – (–2) = 3 
–1 – 4 = –5 
  
The triangle has been translated 3 units right and 5 

units down. So, the translation vector is  

ANSWER:  
 

24.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue pentagon is at (2, 0). The top vertex of the green
pentagon is at (–4, 4), Subtract the coordinates. 
  
–4 – (2) = –6 
4 – 0 = 4 
  
The pentagon has been translated 6 units left and 4 

units up. So, the translation vector is  

ANSWER:  
 

25. CONCERTS Dexter’s family buys tickets every 
year for a concert. Last year they were in seats C3, 
C4, C5, and C6. This year, they will be in seats D16, 
D17, D18, and D19. Write a translation in words and 
using vector notation that can be used to describe the
change in their seating. 

 

SOLUTION:  
Pick a seat from the new row and compare it to the 
corresponding seat in the previous row. The seat 
D16 is 13 seats right and 1 row back to C3. 
Therefore, the translation vector can be represented 

as  

ANSWER:  
They move to the right 13 seats and back one row; 

 

SENSE-MAKING Graph the translation of each
function along the given vector. Then write the 
equation of the translated image. 

26.   

 

SOLUTION:  

The translation of translates each point of 

 4 units right and 1 unit up. Thus,  the vertex 
of (0, 0) will translate to (4, 1). (1, 1) translates to (5, 
2) and (–1, 1) translates to (3, 2), etc. 
  

 
The equation for the translated function is y  = (x – 4)
2
 + 1. 

ANSWER:  

 
y = (x – 4)

2
 + 1 

27.   

 

SOLUTION:  

The translation of    translates each point of 

 2 units left. Thus,  the intercept of (0, 0) 
will translate to (–2, 0). (1, –1) translates to (–1, –1) 
and (–1, 1) translates to (–3, 1), etc. 
  

 
The equation of the translated function is y  = –(x + 

2)
3. 

ANSWER:  

 
y = –(x + 2)

3 

28. ROLLER COASTERS The length of the roller 
coaster track from the top of a hill to the bottom of 
the hill is 125 feet at a 53° angle with the vertical. If 
the position at the top of the hill is (x, y), use function 
notation to describe the translation to the bottom of 
the hill. Round to the nearest foot. 

SOLUTION:  
We have a triangle as shown. 

 
Use trigonometric ratios to find the vertical and 
horizontal changes of the coordinates of points from 
A to B. 
  

 

  
The vertex B is 75 ft down and 100 ft left to A. 
Therefore, the translation is (x, y) → (x – 75, y  – 
100). 

ANSWER:  
(x, y) → (x + 75, y  – 100) 

29. MULTIPLE REPRESENTATIONS In this 
problem, you will investigate reflections over a pair of
parallel lines. 

 
a. GEOMETRIC On patty paper, draw and 
a pair of vertical lines  l and m. Reflect in line l  by 
folding the patty paper. Then reflect, , in line 

m. Label the final image . 

b. GEOMETRIC Repeat the process in part a for 

reflected in vertical lines n and p  and 

 reflected in vertical lines q and r. 
c. TABULAR Copy and complete the table below. 

 
d. VERBAL Describe the result of two reflections 
in two vertical lines using one transformation. 

SOLUTION:  
a. 
Step 1: Draw ABC and line l and line m.  
Step 2: Fold the paper on line l.  Sketch the figure 
A'B'C'. 
Step 3: Fold the paper on line m.  Sketch the figure 
A''B''C''. 

 
  
b. 
Draw another triangle DEF and line n and line p  . 
Reflect twice following the steps in part a.  

 
  
Draw another triangle JKL and line q and line r . 
Reflect twice following the steps in part a.  
  

 
  
c. 

   
  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

ANSWER:  
a. 

 
b. 

 

 

c.  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

30. REASONING Determine a rule to find the final 
image of a point that is translated along 

and then . 

SOLUTION:  

Translating along  and then along   is 

same as translating along . Therefore, 

the translation vector is  

ANSWER:  
 

31. CHALLENGE A line y  = mx + b is translated using

the vector . Write the equation of the translated

line. What is the value of the y-intercept? 

SOLUTION:  

The vector  maps the point (x, y) → (x + a, y  +

b).  
  
Step 1: Identify two points on the line y  = mx + b. 

When x = 0, y  = b. When y  = 0, x = . So two 

points on the line y  = mx + b are (0, b) and ( , 
0).  
  
Step 2: Find the location of these points under the 
vector translation .  

(0, b) → (0 + a, b + b) → (a, 2b) 
  

( , 0) → (  + a, 0 + b) → (  + a, b) 
  
Step 3: Use these points to determine the equation 
of the translated line.  
  

 
  
Since the line is translated with its orientation 
unchanged we would expect the slope of the line to 
remain unchanged. Substituting the point (a, 2b) into
the equation  we will find   , the y -
intercept of the translated line.  

 
  
Note that if we had used the second point on the 
translated line, we would have arrived at the same 
value for the new y -intercept. 

 
  
Substituting the value of the new y -intercept into the
equation, we arrive at the equation for the translated
line.  

 
Combine like terms.  

 

ANSWER:  

y = m(x – a) + 2b; 2b – ma 

32. OPEN-ENDED Draw a figure on the coordinate 
plane so that the figure has the same orientation after
it is reflected in the line y  = 1. Explain what must be 
true in order for this to occur. 

SOLUTION:  
Draw figure ABCD with vertices at  A(–4, 8), B (4, 
8), C (4, 4), and D(–, 4). Draw the line y  = 1. 

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

 
In order for the figures ABCD and A'B'C'D' to be the
same, they must match up when you fold the grid in 
half horizontally at the y = 1 line. 

ANSWER:  

 
Sample answer: in order for the figure to be the 
same, it must match up when you fold it in half 
horizontally at the y  = 1 line. 

33. WRITING IN MATH Compare and contrast 
function notation and vector notation for translations. 

SOLUTION:  
Both vector notation and function notation describe 
the distance a figure is translated in the horizontal 
and vertical directions. Vector notation only 
describes the movement. It does not determine the 
beginning and ending locations. Function notation 
does both. It will give the initial point, the distance of 
the horizontal and vertical translation, and the ending 
point. For example, the translation a units to the right 
and b units up from the point (x, y) would be written 

 in vector notation and (x, y) → (x + a, y  + b) 

in function notation. 

ANSWER:  
Sample answer: Both vector notation and function 
notation describe the distance a figure is translated in
the horizontal and vertical directions. Vector notation 
does not give a rule in terms of initial location, but 
function notation does. For example, the translation a 
units to the right and b units up from the point (x, y) 

would be written  in vector notation and (x, y) 

→ (x + a, y  + b) in function notation. 

34. WRITING IN MATH Recall from Lesson 3-1 that
an invariant point maps onto itself. Can invariant 
points occur with translations? Explain why or why 
not. 

SOLUTION:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

ANSWER:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

35. On a grid triangle PQR has vertices P(2, 1), Q(3, –
1), and R(–1, –2) as shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). Find the coordinates of the vertices of triangle 
P'Q'R'. 
  
P' =  
Q' =  
R' =  
  
b. Which point lies in the interior of triangle P'Q'R'? 
A (0, –1) 
B (2, –4) 
C (–2, –4) 
D (–2, 2) 

SOLUTION:  
PQR has vertices P(2, 1), Q(3, –1), and R(–1, –2) as
shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). So the coordinates of the vertices of triangle 
P'Q'R' can be found by subtracting 2 from each x-
coordinate and adding 3 to each y-coordinate. 
  
P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. To find which point lies in the interior of triangle 
P'Q'R', either plot the image triangle on the 
coordinate plane and check, or notice that all of the 
image triangle is in quadrants I and II, and only 
answer choice D (–2, 2) is in either of those 
quadrants. 
  

ANSWER:  
a. P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. D 

36. Which of the following is the image of the line 
 under the translation (x, y) → (
)?  

A  
B  
C  
D  

SOLUTION:  
The translation of   can be 
thought of graphically, as a translation of the line 

 one unit to the left and one unit up. This 
would result in the translation graph seen below. The 
resulting line would be  . The correct 
choice is C. 

 

ANSWER:  
C 

37. Which of the following vectors will translate a point 
with the coordinates (3, –5) up and to the left on a 
coordinate plane? 
  
A  
B  
C  
D  

SOLUTION:  
The coordinates of the point do not matter, if a 
translation vector is to move a point up and to the 

left, the vector must be of the form , where a is
negative and b is positive. 
  
The correct answer is choice C. 

ANSWER:  
C 

38. Given a triangle with vertices A(–7, –1), B(–2, –3) 
and C(2, 4), which of the following represents the 
coordinates of the vertices of the image after a 
translation of the triangle 5 units right and 3 units up? 
  
A A(–4, 4), B(1, 2) and C(5, 9) 
B A(–2, 2), B(3, 0) and C(7, 7) 
C A(–12, 2), B(–7, 0) and C(–3, 7) 
D A(–2, –4), B(3, –6) and C(7, 1) 

SOLUTION:  
To translate A(–7, –1), B(–2, –3) and C(2, 4) five 
units right and three units up, add 5 to each x-
coordinate and add 3 to each y-coordinate.  
  
A(–7, –1), B(–2, –3), C(2, 4) → A(–7 + 5, –1 + 3), B
(–2 + 5, –3 + 3), C(2 + 5, 4 + 3)  
which is equivalent to  A(–2, 2), B(3, 0), C(7, 7).  

ANSWER:  
B 

39. Which of the following statements is true for both the
translation  and the translation 

?  
A   A point and its image have the same y-
coordinate. 
B   Points on the x-axis are mapped to other points 
on the x-axis. 
C   The translation vector is . 
D    A point in Quadrant I is mapped to another point
in Quadrant I. 

SOLUTION:  
Option A cannot be true, as the 
translation   would translate 
each y-coordinate up 2 units.  
Option B cannot be true, as the translation 

 would translate the point (2,0) 
to (2,2), a point no longer on the x-axis.  
Option C cannot be true, as the translation vertex 
for   would be , not . 
Option D is the correct choice as any point with 
positive x and y  coordinates will remain positive with 
either translation. Therefore they will remain in 
Quadrant I. 

ANSWER:  
D 

40. What is the distance between any point and its image
under the translation ? 
Round to the nearest tenth. 

SOLUTION:  
The distance between any point and its image are the
same, under the same translation. Therefore, choose 
any point, find its image under the 
translation  , and then use 
the Distance Formula to find the distance between 
these two points.  
  
Example: The image of point  would be 

.  

 
      

ANSWER:  
7.2 

41. Under which of the following translations does the 
image of rectangle JKLM not overlap rectangle 
JKLM? 

               
A     
B    
C    
D     
E     

SOLUTION:  
For JKLM to not overlap its image, the translation of 
the x-coordinates would have to be either more than 
3 or less than negative 3, since the length of the 
rectangle is 3 units. The only choice for which this is 
true is D.  

ANSWER:  
D 

Copy the figure and the given translation 
vector. Then draw the translation of the figure 
along the translation vector. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point B' by marking off this distance along the line 
through vertex B, starting at B and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points C' and D'. 
Then connect vertices B', C', and D' to form the 
translated image. 
  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point W' by marking off this distance along the line 
through vertex W, starting at W and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect vertices W', X ', Y' and Z' to form 
the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

4. trapezoid JKLM with vertices J(2, 4), K(1, 1), L(5, 1)

and M (4, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(2 + 7, 4 + 1), K’(1 + 7, 1 + 1), L’(5 +
7, 1 + 1) and M ’(4 + 7, 4 + 1). 

 

ANSWER:  

 

5.  with vertices D(–8, 8), F(–10, 4), and G(–7, 

6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are D’(–8 + 5, 8 – 2), F’(–10 + 5, 4 – 2), and
G’(–7 + 5, 6 – 2). 

 

ANSWER:  

 

6. parallelogram WXYZ with vertices W(–6, –5), X(–2, –
5), Y(–1, –8), and Z(–5, –8); 

 

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–6 – 1, –5 + 4), X’(–2 – 1, –5 
+ 4), Y’(–1 – 1, –8 + 4), and Z’(–5 – 1, –8 + 4). 
  

   

ANSWER:  

 

7. VIDEO GAMES The object of the video game 
shown is to manipulate the colored tiles left or right 
as they fall from the top of the screen to completely 
fill each row without leaving empty spaces. If the 
starting position of the tile piece at the top of the 
screen is (x, y), use function notation to describe the 
translation that will fill the indicated row. 

 

SOLUTION:  
There is only one block space for the row to be 
complete. For the object to fit in the place, it should 
be moved 3 places right and 5 places down. So, the 

translation vector should be  

Therefore, the translation is  

ANSWER:  
 

TOOLS  Copy the figure and the given 
translation vector. Then draw the translation of 
the figure along the translation vector. 

8.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point J' by marking off this distance along the line 
through vertex J, starting at J and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect vertices J', K',  L', and M' to form
the translated image. 

 

ANSWER:  

 

9.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point A ' by marking off this distance along the line 
through vertex A , starting at A  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points B' and C'. 
Then connect vertices A ', B', and C' to form the 
translated image. 

 

ANSWER:  

 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
  
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point X ' by marking off this distance along the line 
through vertex X , starting at X  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect vertices X ', Y', and Z' to form the 
translated image. 

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point D' by marking off this distance along the line 
through vertex D, starting at D and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect vertices D', F', G' and H' to form 
the translated image. 

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point V' by marking off this distance along the line 
through vertex V, starting at V and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect vertices V', W', X ', Y' and Z' 
to form the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

14.  with vertices A(1, 6), B(3, 2), and C(4, 

7);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are A’(1 + 4, 6 – 1), B’(3 + 4, 2 – 1), and 
C’(4 + 4, 7 – 1). 

 

ANSWER:  

 

15.  with vertices M (4, –5), N(5, –8), and P(8, –
6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are M ’(4 – 2, –5 + 5), N’(5 – 2, –8 + 5), and 
P’(8 – , –6 + 5). 

 

ANSWER:  

 

16. rectangle QRST with vertices Q(–8, 4), R(–8, 2), S(–
3, 2), and T(–3, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
rectangle are Q’(–8 + 2, 4 + 3), R’(–8 + 2, 2 + 3), 
S’(–3 + 2, 2 + 3), and T’(–3 + 2, 4 + 3). 

 

ANSWER:  

 

17. quadrilateral FGHJ with vertices F(–4, –2), G(–1, –
1), H(0, –4), and J(–3, –6);  

SOLUTION:  
The coordinates of the vertices of the translated 
quadrilateral are F’(–4 – 5, –2 – 2), G’(–1 – 5, –1 – 
2), H’(0 – 5, –4 – 2), and J’(–3 – 5, –6 – 2). 

 

ANSWER:  

 

18.  with vertices W(–3, –1), X(1, –1), Y(2, –4), 

and Z(–2, –4);  

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–3 – 3, –1 + 4), X’(1 – 3, –1 + 
4), Y’(2 – 3, –4 + 4), and Z’(–2 – 3, –4 + 4). 

 

ANSWER:  

 

19. trapezoid JKLM with vertices J(–4, –2), K(–1, –2), L

(0, –5), and M (–5, –5);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(–4 + 6, –2 + 5), K’(–1 + 6, –2 + 5), 
L’(0 + 6, –5 + 5), and M ’(–5 + 6, –5 + 5). 

 

ANSWER:  

 

20. PROBLEM SOLVING Brittany’s neighborhood is 
shown on the grid at the right. 

 
a. If she leaves home and travels 4 blocks north and 
3 blocks east, what is her new location? 
b. Use words to describe two possible translations 
that will take Brittany home from school. 

SOLUTION:  
a. Since the north side is marked upwards, travelling 
4 blocks north and 3 blocks east means moving 4 
blocks up and 3 blocks right. The point 4 blocks up 
and 3 blocks right to the home is the library. 
Therefore, her new location will be the library. 
b. The resultant vector must be . Any 
combination of vectors that form this resultant vector
will be satisfactory. 
  
 She can go west 5 blocks and then south 1 block, or 
she can go south 1 block and then west 5 blocks to 
reach the school. 

ANSWER:  
a. Library 
b. Sample answer: She can go west 5 blocks and 
then south 1 block, or she can go south 1 block and 
then west 5 blocks. 

21. FOOTBALL A wide receiver starts from his 15-
yard line on the right hash mark and runs a route that
takes him 12 yards to the left and down field for a 
gain of 17 yards. Write a translation vector to 
describe the receiver’s route. 

 

SOLUTION:  
The receiver starts on the right hash of the 15-yard 
line and moves 12 yards left and then 17 yards down 
field, or upwards as shown in the diagram.  

 
So, a translation vector that represents the receiver's 

route would be    

ANSWER:  
 

22. MULTI-STEP Each type of chess piece has a rule
for how it can be moved. A knight can move two 
squares horizontally and then one square vertically, 
or two squares vertically and one square 
horizontally. The bishop can only move diagonally. 
When a chess piece moves to a space that is 
occupied by an opponent’s piece, it is attacking that
piece. 

                            
a. What is the maximum number of knights that 
could be placed on an 8 by 8 chessboard so that 
none of the pieces can attack each other? What is 
the maximum number of bishops?  
b. Explain your solution process.  

SOLUTION:  
a-b.  I began by analyzing the movements of a single
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. Therefore,  is the 
maximum number of knight on an 8 by 8 
chessboard so that none can attack each other.  
      The bishops can move diagonally in any 
direction. I began by filling the entire first row of the 
chessboard with bishops. I crossed off all of the 
squares that could no longer be occupied by 
another bishop. From the remaining spaces 
available, you can fit the most bishops along the last 
row. Because the first and last square on the row 
can be attacked by a bishop on the opposite side of
the board, there are only 6 spaces available. So, 14
bishops can occupy a chessboard without being 
able to attack one another. 

 

ANSWER:  
a.  32; 14 
b. I began by analyzing the movements of a single 
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. The bishops can move 
diagonally in any direction. I began by filling the 
entire first row of the chessboard with bishops. I 
crossed off all of the squares that could no longer 
be occupied by another bishop. From the remaining
spaces available, you can fit the most bishops along 
the last row. Because the first and last square on the
row can be attacked by a bishop on the opposite 
side of the board, there are only 6 spaces available. 
So, 14 bishops can occupy a chessboard without 
being able to attack one another. 

Write each translation vector that maps the 
blue preimage to the green image. 

23.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue triangle is at (–2, 4). The top vertex of the green
triangle is at (1, –1), Subtract the coordinates. 
  
1 – (–2) = 3 
–1 – 4 = –5 
  
The triangle has been translated 3 units right and 5 

units down. So, the translation vector is  

ANSWER:  
 

24.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue pentagon is at (2, 0). The top vertex of the green
pentagon is at (–4, 4), Subtract the coordinates. 
  
–4 – (2) = –6 
4 – 0 = 4 
  
The pentagon has been translated 6 units left and 4 

units up. So, the translation vector is  

ANSWER:  
 

25. CONCERTS Dexter’s family buys tickets every 
year for a concert. Last year they were in seats C3, 
C4, C5, and C6. This year, they will be in seats D16, 
D17, D18, and D19. Write a translation in words and 
using vector notation that can be used to describe the
change in their seating. 

 

SOLUTION:  
Pick a seat from the new row and compare it to the 
corresponding seat in the previous row. The seat 
D16 is 13 seats right and 1 row back to C3. 
Therefore, the translation vector can be represented 

as  

ANSWER:  
They move to the right 13 seats and back one row; 

 

SENSE-MAKING Graph the translation of each
function along the given vector. Then write the 
equation of the translated image. 

26.   

 

SOLUTION:  

The translation of translates each point of 

 4 units right and 1 unit up. Thus,  the vertex 
of (0, 0) will translate to (4, 1). (1, 1) translates to (5, 
2) and (–1, 1) translates to (3, 2), etc. 
  

 
The equation for the translated function is y  = (x – 4)
2
 + 1. 

ANSWER:  

 
y = (x – 4)

2
 + 1 

27.   

 

SOLUTION:  

The translation of    translates each point of 

 2 units left. Thus,  the intercept of (0, 0) 
will translate to (–2, 0). (1, –1) translates to (–1, –1) 
and (–1, 1) translates to (–3, 1), etc. 
  

 
The equation of the translated function is y  = –(x + 

2)
3. 

ANSWER:  

 
y = –(x + 2)

3 

28. ROLLER COASTERS The length of the roller 
coaster track from the top of a hill to the bottom of 
the hill is 125 feet at a 53° angle with the vertical. If 
the position at the top of the hill is (x, y), use function 
notation to describe the translation to the bottom of 
the hill. Round to the nearest foot. 

SOLUTION:  
We have a triangle as shown. 

 
Use trigonometric ratios to find the vertical and 
horizontal changes of the coordinates of points from 
A to B. 
  

 

  
The vertex B is 75 ft down and 100 ft left to A. 
Therefore, the translation is (x, y) → (x – 75, y  – 
100). 

ANSWER:  
(x, y) → (x + 75, y  – 100) 

29. MULTIPLE REPRESENTATIONS In this 
problem, you will investigate reflections over a pair of
parallel lines. 

 
a. GEOMETRIC On patty paper, draw and 
a pair of vertical lines  l and m. Reflect in line l  by 
folding the patty paper. Then reflect, , in line 

m. Label the final image . 

b. GEOMETRIC Repeat the process in part a for 

reflected in vertical lines n and p  and 

 reflected in vertical lines q and r. 
c. TABULAR Copy and complete the table below. 

 
d. VERBAL Describe the result of two reflections 
in two vertical lines using one transformation. 

SOLUTION:  
a. 
Step 1: Draw ABC and line l and line m.  
Step 2: Fold the paper on line l.  Sketch the figure 
A'B'C'. 
Step 3: Fold the paper on line m.  Sketch the figure 
A''B''C''. 

 
  
b. 
Draw another triangle DEF and line n and line p  . 
Reflect twice following the steps in part a.  

 
  
Draw another triangle JKL and line q and line r . 
Reflect twice following the steps in part a.  
  

 
  
c. 

   
  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

ANSWER:  
a. 

 
b. 

 

 

c.  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

30. REASONING Determine a rule to find the final 
image of a point that is translated along 

and then . 

SOLUTION:  

Translating along  and then along   is 

same as translating along . Therefore, 

the translation vector is  

ANSWER:  
 

31. CHALLENGE A line y  = mx + b is translated using

the vector . Write the equation of the translated

line. What is the value of the y-intercept? 

SOLUTION:  

The vector  maps the point (x, y) → (x + a, y  +

b).  
  
Step 1: Identify two points on the line y  = mx + b. 

When x = 0, y  = b. When y  = 0, x = . So two 

points on the line y  = mx + b are (0, b) and ( , 
0).  
  
Step 2: Find the location of these points under the 
vector translation .  

(0, b) → (0 + a, b + b) → (a, 2b) 
  

( , 0) → (  + a, 0 + b) → (  + a, b) 
  
Step 3: Use these points to determine the equation 
of the translated line.  
  

 
  
Since the line is translated with its orientation 
unchanged we would expect the slope of the line to 
remain unchanged. Substituting the point (a, 2b) into
the equation  we will find   , the y -
intercept of the translated line.  

 
  
Note that if we had used the second point on the 
translated line, we would have arrived at the same 
value for the new y -intercept. 

 
  
Substituting the value of the new y -intercept into the
equation, we arrive at the equation for the translated
line.  

 
Combine like terms.  

 

ANSWER:  

y = m(x – a) + 2b; 2b – ma 

32. OPEN-ENDED Draw a figure on the coordinate 
plane so that the figure has the same orientation after
it is reflected in the line y  = 1. Explain what must be 
true in order for this to occur. 

SOLUTION:  
Draw figure ABCD with vertices at  A(–4, 8), B (4, 
8), C (4, 4), and D(–, 4). Draw the line y  = 1. 

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

 
In order for the figures ABCD and A'B'C'D' to be the
same, they must match up when you fold the grid in 
half horizontally at the y = 1 line. 

ANSWER:  

 
Sample answer: in order for the figure to be the 
same, it must match up when you fold it in half 
horizontally at the y  = 1 line. 

33. WRITING IN MATH Compare and contrast 
function notation and vector notation for translations. 

SOLUTION:  
Both vector notation and function notation describe 
the distance a figure is translated in the horizontal 
and vertical directions. Vector notation only 
describes the movement. It does not determine the 
beginning and ending locations. Function notation 
does both. It will give the initial point, the distance of 
the horizontal and vertical translation, and the ending 
point. For example, the translation a units to the right 
and b units up from the point (x, y) would be written 

 in vector notation and (x, y) → (x + a, y  + b) 

in function notation. 

ANSWER:  
Sample answer: Both vector notation and function 
notation describe the distance a figure is translated in
the horizontal and vertical directions. Vector notation 
does not give a rule in terms of initial location, but 
function notation does. For example, the translation a 
units to the right and b units up from the point (x, y) 

would be written  in vector notation and (x, y) 

→ (x + a, y  + b) in function notation. 

34. WRITING IN MATH Recall from Lesson 3-1 that
an invariant point maps onto itself. Can invariant 
points occur with translations? Explain why or why 
not. 

SOLUTION:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

ANSWER:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

35. On a grid triangle PQR has vertices P(2, 1), Q(3, –
1), and R(–1, –2) as shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). Find the coordinates of the vertices of triangle 
P'Q'R'. 
  
P' =  
Q' =  
R' =  
  
b. Which point lies in the interior of triangle P'Q'R'? 
A (0, –1) 
B (2, –4) 
C (–2, –4) 
D (–2, 2) 

SOLUTION:  
PQR has vertices P(2, 1), Q(3, –1), and R(–1, –2) as
shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). So the coordinates of the vertices of triangle 
P'Q'R' can be found by subtracting 2 from each x-
coordinate and adding 3 to each y-coordinate. 
  
P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. To find which point lies in the interior of triangle 
P'Q'R', either plot the image triangle on the 
coordinate plane and check, or notice that all of the 
image triangle is in quadrants I and II, and only 
answer choice D (–2, 2) is in either of those 
quadrants. 
  

ANSWER:  
a. P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. D 

36. Which of the following is the image of the line 
 under the translation (x, y) → (
)?  

A  
B  
C  
D  

SOLUTION:  
The translation of   can be 
thought of graphically, as a translation of the line 

 one unit to the left and one unit up. This 
would result in the translation graph seen below. The 
resulting line would be  . The correct 
choice is C. 

 

ANSWER:  
C 

37. Which of the following vectors will translate a point 
with the coordinates (3, –5) up and to the left on a 
coordinate plane? 
  
A  
B  
C  
D  

SOLUTION:  
The coordinates of the point do not matter, if a 
translation vector is to move a point up and to the 

left, the vector must be of the form , where a is
negative and b is positive. 
  
The correct answer is choice C. 

ANSWER:  
C 

38. Given a triangle with vertices A(–7, –1), B(–2, –3) 
and C(2, 4), which of the following represents the 
coordinates of the vertices of the image after a 
translation of the triangle 5 units right and 3 units up? 
  
A A(–4, 4), B(1, 2) and C(5, 9) 
B A(–2, 2), B(3, 0) and C(7, 7) 
C A(–12, 2), B(–7, 0) and C(–3, 7) 
D A(–2, –4), B(3, –6) and C(7, 1) 

SOLUTION:  
To translate A(–7, –1), B(–2, –3) and C(2, 4) five 
units right and three units up, add 5 to each x-
coordinate and add 3 to each y-coordinate.  
  
A(–7, –1), B(–2, –3), C(2, 4) → A(–7 + 5, –1 + 3), B
(–2 + 5, –3 + 3), C(2 + 5, 4 + 3)  
which is equivalent to  A(–2, 2), B(3, 0), C(7, 7).  

ANSWER:  
B 

39. Which of the following statements is true for both the
translation  and the translation 

?  
A   A point and its image have the same y-
coordinate. 
B   Points on the x-axis are mapped to other points 
on the x-axis. 
C   The translation vector is . 
D    A point in Quadrant I is mapped to another point
in Quadrant I. 

SOLUTION:  
Option A cannot be true, as the 
translation   would translate 
each y-coordinate up 2 units.  
Option B cannot be true, as the translation 

 would translate the point (2,0) 
to (2,2), a point no longer on the x-axis.  
Option C cannot be true, as the translation vertex 
for   would be , not . 
Option D is the correct choice as any point with 
positive x and y  coordinates will remain positive with 
either translation. Therefore they will remain in 
Quadrant I. 

ANSWER:  
D 

40. What is the distance between any point and its image
under the translation ? 
Round to the nearest tenth. 

SOLUTION:  
The distance between any point and its image are the
same, under the same translation. Therefore, choose 
any point, find its image under the 
translation  , and then use 
the Distance Formula to find the distance between 
these two points.  
  
Example: The image of point  would be 

.  

 
      

ANSWER:  
7.2 

41. Under which of the following translations does the 
image of rectangle JKLM not overlap rectangle 
JKLM? 

               
A     
B    
C    
D     
E     

SOLUTION:  
For JKLM to not overlap its image, the translation of 
the x-coordinates would have to be either more than 
3 or less than negative 3, since the length of the 
rectangle is 3 units. The only choice for which this is 
true is D.  

ANSWER:  
D 
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3-2 Translations 



Copy the figure and the given translation 
vector. Then draw the translation of the figure 
along the translation vector. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point B' by marking off this distance along the line 
through vertex B, starting at B and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points C' and D'. 
Then connect vertices B', C', and D' to form the 
translated image. 
  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point W' by marking off this distance along the line 
through vertex W, starting at W and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect vertices W', X ', Y' and Z' to form 
the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

4. trapezoid JKLM with vertices J(2, 4), K(1, 1), L(5, 1)

and M (4, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(2 + 7, 4 + 1), K’(1 + 7, 1 + 1), L’(5 +
7, 1 + 1) and M ’(4 + 7, 4 + 1). 

 

ANSWER:  

 

5.  with vertices D(–8, 8), F(–10, 4), and G(–7, 

6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are D’(–8 + 5, 8 – 2), F’(–10 + 5, 4 – 2), and
G’(–7 + 5, 6 – 2). 

 

ANSWER:  

 

6. parallelogram WXYZ with vertices W(–6, –5), X(–2, –
5), Y(–1, –8), and Z(–5, –8); 

 

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–6 – 1, –5 + 4), X’(–2 – 1, –5 
+ 4), Y’(–1 – 1, –8 + 4), and Z’(–5 – 1, –8 + 4). 
  

   

ANSWER:  

 

7. VIDEO GAMES The object of the video game 
shown is to manipulate the colored tiles left or right 
as they fall from the top of the screen to completely 
fill each row without leaving empty spaces. If the 
starting position of the tile piece at the top of the 
screen is (x, y), use function notation to describe the 
translation that will fill the indicated row. 

 

SOLUTION:  
There is only one block space for the row to be 
complete. For the object to fit in the place, it should 
be moved 3 places right and 5 places down. So, the 

translation vector should be  

Therefore, the translation is  

ANSWER:  
 

TOOLS  Copy the figure and the given 
translation vector. Then draw the translation of 
the figure along the translation vector. 

8.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point J' by marking off this distance along the line 
through vertex J, starting at J and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect vertices J', K',  L', and M' to form
the translated image. 

 

ANSWER:  

 

9.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point A ' by marking off this distance along the line 
through vertex A , starting at A  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points B' and C'. 
Then connect vertices A ', B', and C' to form the 
translated image. 

 

ANSWER:  

 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
  
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point X ' by marking off this distance along the line 
through vertex X , starting at X  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect vertices X ', Y', and Z' to form the 
translated image. 

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point D' by marking off this distance along the line 
through vertex D, starting at D and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect vertices D', F', G' and H' to form 
the translated image. 

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point V' by marking off this distance along the line 
through vertex V, starting at V and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect vertices V', W', X ', Y' and Z' 
to form the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

14.  with vertices A(1, 6), B(3, 2), and C(4, 

7);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are A’(1 + 4, 6 – 1), B’(3 + 4, 2 – 1), and 
C’(4 + 4, 7 – 1). 

 

ANSWER:  

 

15.  with vertices M (4, –5), N(5, –8), and P(8, –
6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are M ’(4 – 2, –5 + 5), N’(5 – 2, –8 + 5), and 
P’(8 – , –6 + 5). 

 

ANSWER:  

 

16. rectangle QRST with vertices Q(–8, 4), R(–8, 2), S(–
3, 2), and T(–3, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
rectangle are Q’(–8 + 2, 4 + 3), R’(–8 + 2, 2 + 3), 
S’(–3 + 2, 2 + 3), and T’(–3 + 2, 4 + 3). 

 

ANSWER:  

 

17. quadrilateral FGHJ with vertices F(–4, –2), G(–1, –
1), H(0, –4), and J(–3, –6);  

SOLUTION:  
The coordinates of the vertices of the translated 
quadrilateral are F’(–4 – 5, –2 – 2), G’(–1 – 5, –1 – 
2), H’(0 – 5, –4 – 2), and J’(–3 – 5, –6 – 2). 

 

ANSWER:  

 

18.  with vertices W(–3, –1), X(1, –1), Y(2, –4), 

and Z(–2, –4);  

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–3 – 3, –1 + 4), X’(1 – 3, –1 + 
4), Y’(2 – 3, –4 + 4), and Z’(–2 – 3, –4 + 4). 

 

ANSWER:  

 

19. trapezoid JKLM with vertices J(–4, –2), K(–1, –2), L

(0, –5), and M (–5, –5);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(–4 + 6, –2 + 5), K’(–1 + 6, –2 + 5), 
L’(0 + 6, –5 + 5), and M ’(–5 + 6, –5 + 5). 

 

ANSWER:  

 

20. PROBLEM SOLVING Brittany’s neighborhood is 
shown on the grid at the right. 

 
a. If she leaves home and travels 4 blocks north and 
3 blocks east, what is her new location? 
b. Use words to describe two possible translations 
that will take Brittany home from school. 

SOLUTION:  
a. Since the north side is marked upwards, travelling 
4 blocks north and 3 blocks east means moving 4 
blocks up and 3 blocks right. The point 4 blocks up 
and 3 blocks right to the home is the library. 
Therefore, her new location will be the library. 
b. The resultant vector must be . Any 
combination of vectors that form this resultant vector
will be satisfactory. 
  
 She can go west 5 blocks and then south 1 block, or 
she can go south 1 block and then west 5 blocks to 
reach the school. 

ANSWER:  
a. Library 
b. Sample answer: She can go west 5 blocks and 
then south 1 block, or she can go south 1 block and 
then west 5 blocks. 

21. FOOTBALL A wide receiver starts from his 15-
yard line on the right hash mark and runs a route that
takes him 12 yards to the left and down field for a 
gain of 17 yards. Write a translation vector to 
describe the receiver’s route. 

 

SOLUTION:  
The receiver starts on the right hash of the 15-yard 
line and moves 12 yards left and then 17 yards down 
field, or upwards as shown in the diagram.  

 
So, a translation vector that represents the receiver's 

route would be    

ANSWER:  
 

22. MULTI-STEP Each type of chess piece has a rule
for how it can be moved. A knight can move two 
squares horizontally and then one square vertically, 
or two squares vertically and one square 
horizontally. The bishop can only move diagonally. 
When a chess piece moves to a space that is 
occupied by an opponent’s piece, it is attacking that
piece. 

                            
a. What is the maximum number of knights that 
could be placed on an 8 by 8 chessboard so that 
none of the pieces can attack each other? What is 
the maximum number of bishops?  
b. Explain your solution process.  

SOLUTION:  
a-b.  I began by analyzing the movements of a single
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. Therefore,  is the 
maximum number of knight on an 8 by 8 
chessboard so that none can attack each other.  
      The bishops can move diagonally in any 
direction. I began by filling the entire first row of the 
chessboard with bishops. I crossed off all of the 
squares that could no longer be occupied by 
another bishop. From the remaining spaces 
available, you can fit the most bishops along the last 
row. Because the first and last square on the row 
can be attacked by a bishop on the opposite side of
the board, there are only 6 spaces available. So, 14
bishops can occupy a chessboard without being 
able to attack one another. 

 

ANSWER:  
a.  32; 14 
b. I began by analyzing the movements of a single 
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. The bishops can move 
diagonally in any direction. I began by filling the 
entire first row of the chessboard with bishops. I 
crossed off all of the squares that could no longer 
be occupied by another bishop. From the remaining
spaces available, you can fit the most bishops along 
the last row. Because the first and last square on the
row can be attacked by a bishop on the opposite 
side of the board, there are only 6 spaces available. 
So, 14 bishops can occupy a chessboard without 
being able to attack one another. 

Write each translation vector that maps the 
blue preimage to the green image. 

23.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue triangle is at (–2, 4). The top vertex of the green
triangle is at (1, –1), Subtract the coordinates. 
  
1 – (–2) = 3 
–1 – 4 = –5 
  
The triangle has been translated 3 units right and 5 

units down. So, the translation vector is  

ANSWER:  
 

24.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue pentagon is at (2, 0). The top vertex of the green
pentagon is at (–4, 4), Subtract the coordinates. 
  
–4 – (2) = –6 
4 – 0 = 4 
  
The pentagon has been translated 6 units left and 4 

units up. So, the translation vector is  

ANSWER:  
 

25. CONCERTS Dexter’s family buys tickets every 
year for a concert. Last year they were in seats C3, 
C4, C5, and C6. This year, they will be in seats D16, 
D17, D18, and D19. Write a translation in words and 
using vector notation that can be used to describe the
change in their seating. 

 

SOLUTION:  
Pick a seat from the new row and compare it to the 
corresponding seat in the previous row. The seat 
D16 is 13 seats right and 1 row back to C3. 
Therefore, the translation vector can be represented 

as  

ANSWER:  
They move to the right 13 seats and back one row; 

 

SENSE-MAKING Graph the translation of each
function along the given vector. Then write the 
equation of the translated image. 

26.   

 

SOLUTION:  

The translation of translates each point of 

 4 units right and 1 unit up. Thus,  the vertex 
of (0, 0) will translate to (4, 1). (1, 1) translates to (5, 
2) and (–1, 1) translates to (3, 2), etc. 
  

 
The equation for the translated function is y  = (x – 4)
2
 + 1. 

ANSWER:  

 
y = (x – 4)

2
 + 1 

27.   

 

SOLUTION:  

The translation of    translates each point of 

 2 units left. Thus,  the intercept of (0, 0) 
will translate to (–2, 0). (1, –1) translates to (–1, –1) 
and (–1, 1) translates to (–3, 1), etc. 
  

 
The equation of the translated function is y  = –(x + 

2)
3. 

ANSWER:  

 
y = –(x + 2)

3 

28. ROLLER COASTERS The length of the roller 
coaster track from the top of a hill to the bottom of 
the hill is 125 feet at a 53° angle with the vertical. If 
the position at the top of the hill is (x, y), use function 
notation to describe the translation to the bottom of 
the hill. Round to the nearest foot. 

SOLUTION:  
We have a triangle as shown. 

 
Use trigonometric ratios to find the vertical and 
horizontal changes of the coordinates of points from 
A to B. 
  

 

  
The vertex B is 75 ft down and 100 ft left to A. 
Therefore, the translation is (x, y) → (x – 75, y  – 
100). 

ANSWER:  
(x, y) → (x + 75, y  – 100) 

29. MULTIPLE REPRESENTATIONS In this 
problem, you will investigate reflections over a pair of
parallel lines. 

 
a. GEOMETRIC On patty paper, draw and 
a pair of vertical lines  l and m. Reflect in line l  by 
folding the patty paper. Then reflect, , in line 

m. Label the final image . 

b. GEOMETRIC Repeat the process in part a for 

reflected in vertical lines n and p  and 

 reflected in vertical lines q and r. 
c. TABULAR Copy and complete the table below. 

 
d. VERBAL Describe the result of two reflections 
in two vertical lines using one transformation. 

SOLUTION:  
a. 
Step 1: Draw ABC and line l and line m.  
Step 2: Fold the paper on line l.  Sketch the figure 
A'B'C'. 
Step 3: Fold the paper on line m.  Sketch the figure 
A''B''C''. 

 
  
b. 
Draw another triangle DEF and line n and line p  . 
Reflect twice following the steps in part a.  

 
  
Draw another triangle JKL and line q and line r . 
Reflect twice following the steps in part a.  
  

 
  
c. 

   
  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

ANSWER:  
a. 

 
b. 

 

 

c.  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

30. REASONING Determine a rule to find the final 
image of a point that is translated along 

and then . 

SOLUTION:  

Translating along  and then along   is 

same as translating along . Therefore, 

the translation vector is  

ANSWER:  
 

31. CHALLENGE A line y  = mx + b is translated using

the vector . Write the equation of the translated

line. What is the value of the y-intercept? 

SOLUTION:  

The vector  maps the point (x, y) → (x + a, y  +

b).  
  
Step 1: Identify two points on the line y  = mx + b. 

When x = 0, y  = b. When y  = 0, x = . So two 

points on the line y  = mx + b are (0, b) and ( , 
0).  
  
Step 2: Find the location of these points under the 
vector translation .  

(0, b) → (0 + a, b + b) → (a, 2b) 
  

( , 0) → (  + a, 0 + b) → (  + a, b) 
  
Step 3: Use these points to determine the equation 
of the translated line.  
  

 
  
Since the line is translated with its orientation 
unchanged we would expect the slope of the line to 
remain unchanged. Substituting the point (a, 2b) into
the equation  we will find   , the y -
intercept of the translated line.  

 
  
Note that if we had used the second point on the 
translated line, we would have arrived at the same 
value for the new y -intercept. 

 
  
Substituting the value of the new y -intercept into the
equation, we arrive at the equation for the translated
line.  

 
Combine like terms.  

 

ANSWER:  

y = m(x – a) + 2b; 2b – ma 

32. OPEN-ENDED Draw a figure on the coordinate 
plane so that the figure has the same orientation after
it is reflected in the line y  = 1. Explain what must be 
true in order for this to occur. 

SOLUTION:  
Draw figure ABCD with vertices at  A(–4, 8), B (4, 
8), C (4, 4), and D(–, 4). Draw the line y  = 1. 

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

 
In order for the figures ABCD and A'B'C'D' to be the
same, they must match up when you fold the grid in 
half horizontally at the y = 1 line. 

ANSWER:  

 
Sample answer: in order for the figure to be the 
same, it must match up when you fold it in half 
horizontally at the y  = 1 line. 

33. WRITING IN MATH Compare and contrast 
function notation and vector notation for translations. 

SOLUTION:  
Both vector notation and function notation describe 
the distance a figure is translated in the horizontal 
and vertical directions. Vector notation only 
describes the movement. It does not determine the 
beginning and ending locations. Function notation 
does both. It will give the initial point, the distance of 
the horizontal and vertical translation, and the ending 
point. For example, the translation a units to the right 
and b units up from the point (x, y) would be written 

 in vector notation and (x, y) → (x + a, y  + b) 

in function notation. 

ANSWER:  
Sample answer: Both vector notation and function 
notation describe the distance a figure is translated in
the horizontal and vertical directions. Vector notation 
does not give a rule in terms of initial location, but 
function notation does. For example, the translation a 
units to the right and b units up from the point (x, y) 

would be written  in vector notation and (x, y) 

→ (x + a, y  + b) in function notation. 

34. WRITING IN MATH Recall from Lesson 3-1 that
an invariant point maps onto itself. Can invariant 
points occur with translations? Explain why or why 
not. 

SOLUTION:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

ANSWER:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

35. On a grid triangle PQR has vertices P(2, 1), Q(3, –
1), and R(–1, –2) as shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). Find the coordinates of the vertices of triangle 
P'Q'R'. 
  
P' =  
Q' =  
R' =  
  
b. Which point lies in the interior of triangle P'Q'R'? 
A (0, –1) 
B (2, –4) 
C (–2, –4) 
D (–2, 2) 

SOLUTION:  
PQR has vertices P(2, 1), Q(3, –1), and R(–1, –2) as
shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). So the coordinates of the vertices of triangle 
P'Q'R' can be found by subtracting 2 from each x-
coordinate and adding 3 to each y-coordinate. 
  
P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. To find which point lies in the interior of triangle 
P'Q'R', either plot the image triangle on the 
coordinate plane and check, or notice that all of the 
image triangle is in quadrants I and II, and only 
answer choice D (–2, 2) is in either of those 
quadrants. 
  

ANSWER:  
a. P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. D 

36. Which of the following is the image of the line 
 under the translation (x, y) → (
)?  

A  
B  
C  
D  

SOLUTION:  
The translation of   can be 
thought of graphically, as a translation of the line 

 one unit to the left and one unit up. This 
would result in the translation graph seen below. The 
resulting line would be  . The correct 
choice is C. 

 

ANSWER:  
C 

37. Which of the following vectors will translate a point 
with the coordinates (3, –5) up and to the left on a 
coordinate plane? 
  
A  
B  
C  
D  

SOLUTION:  
The coordinates of the point do not matter, if a 
translation vector is to move a point up and to the 

left, the vector must be of the form , where a is
negative and b is positive. 
  
The correct answer is choice C. 

ANSWER:  
C 

38. Given a triangle with vertices A(–7, –1), B(–2, –3) 
and C(2, 4), which of the following represents the 
coordinates of the vertices of the image after a 
translation of the triangle 5 units right and 3 units up? 
  
A A(–4, 4), B(1, 2) and C(5, 9) 
B A(–2, 2), B(3, 0) and C(7, 7) 
C A(–12, 2), B(–7, 0) and C(–3, 7) 
D A(–2, –4), B(3, –6) and C(7, 1) 

SOLUTION:  
To translate A(–7, –1), B(–2, –3) and C(2, 4) five 
units right and three units up, add 5 to each x-
coordinate and add 3 to each y-coordinate.  
  
A(–7, –1), B(–2, –3), C(2, 4) → A(–7 + 5, –1 + 3), B
(–2 + 5, –3 + 3), C(2 + 5, 4 + 3)  
which is equivalent to  A(–2, 2), B(3, 0), C(7, 7).  

ANSWER:  
B 

39. Which of the following statements is true for both the
translation  and the translation 

?  
A   A point and its image have the same y-
coordinate. 
B   Points on the x-axis are mapped to other points 
on the x-axis. 
C   The translation vector is . 
D    A point in Quadrant I is mapped to another point
in Quadrant I. 

SOLUTION:  
Option A cannot be true, as the 
translation   would translate 
each y-coordinate up 2 units.  
Option B cannot be true, as the translation 

 would translate the point (2,0) 
to (2,2), a point no longer on the x-axis.  
Option C cannot be true, as the translation vertex 
for   would be , not . 
Option D is the correct choice as any point with 
positive x and y  coordinates will remain positive with 
either translation. Therefore they will remain in 
Quadrant I. 

ANSWER:  
D 

40. What is the distance between any point and its image
under the translation ? 
Round to the nearest tenth. 

SOLUTION:  
The distance between any point and its image are the
same, under the same translation. Therefore, choose 
any point, find its image under the 
translation  , and then use 
the Distance Formula to find the distance between 
these two points.  
  
Example: The image of point  would be 

.  

 
      

ANSWER:  
7.2 

41. Under which of the following translations does the 
image of rectangle JKLM not overlap rectangle 
JKLM? 

               
A     
B    
C    
D     
E     

SOLUTION:  
For JKLM to not overlap its image, the translation of 
the x-coordinates would have to be either more than 
3 or less than negative 3, since the length of the 
rectangle is 3 units. The only choice for which this is 
true is D.  

ANSWER:  
D 

Copy the figure and the given translation 
vector. Then draw the translation of the figure 
along the translation vector. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point B' by marking off this distance along the line 
through vertex B, starting at B and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points C' and D'. 
Then connect vertices B', C', and D' to form the 
translated image. 
  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point W' by marking off this distance along the line 
through vertex W, starting at W and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect vertices W', X ', Y' and Z' to form 
the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

4. trapezoid JKLM with vertices J(2, 4), K(1, 1), L(5, 1)

and M (4, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(2 + 7, 4 + 1), K’(1 + 7, 1 + 1), L’(5 +
7, 1 + 1) and M ’(4 + 7, 4 + 1). 

 

ANSWER:  

 

5.  with vertices D(–8, 8), F(–10, 4), and G(–7, 

6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are D’(–8 + 5, 8 – 2), F’(–10 + 5, 4 – 2), and
G’(–7 + 5, 6 – 2). 

 

ANSWER:  

 

6. parallelogram WXYZ with vertices W(–6, –5), X(–2, –
5), Y(–1, –8), and Z(–5, –8); 

 

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–6 – 1, –5 + 4), X’(–2 – 1, –5 
+ 4), Y’(–1 – 1, –8 + 4), and Z’(–5 – 1, –8 + 4). 
  

   

ANSWER:  

 

7. VIDEO GAMES The object of the video game 
shown is to manipulate the colored tiles left or right 
as they fall from the top of the screen to completely 
fill each row without leaving empty spaces. If the 
starting position of the tile piece at the top of the 
screen is (x, y), use function notation to describe the 
translation that will fill the indicated row. 

 

SOLUTION:  
There is only one block space for the row to be 
complete. For the object to fit in the place, it should 
be moved 3 places right and 5 places down. So, the 

translation vector should be  

Therefore, the translation is  

ANSWER:  
 

TOOLS  Copy the figure and the given 
translation vector. Then draw the translation of 
the figure along the translation vector. 

8.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point J' by marking off this distance along the line 
through vertex J, starting at J and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect vertices J', K',  L', and M' to form
the translated image. 

 

ANSWER:  

 

9.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point A ' by marking off this distance along the line 
through vertex A , starting at A  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points B' and C'. 
Then connect vertices A ', B', and C' to form the 
translated image. 

 

ANSWER:  

 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
  
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point X ' by marking off this distance along the line 
through vertex X , starting at X  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect vertices X ', Y', and Z' to form the 
translated image. 

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point D' by marking off this distance along the line 
through vertex D, starting at D and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect vertices D', F', G' and H' to form 
the translated image. 

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point V' by marking off this distance along the line 
through vertex V, starting at V and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect vertices V', W', X ', Y' and Z' 
to form the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

14.  with vertices A(1, 6), B(3, 2), and C(4, 

7);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are A’(1 + 4, 6 – 1), B’(3 + 4, 2 – 1), and 
C’(4 + 4, 7 – 1). 

 

ANSWER:  

 

15.  with vertices M (4, –5), N(5, –8), and P(8, –
6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are M ’(4 – 2, –5 + 5), N’(5 – 2, –8 + 5), and 
P’(8 – , –6 + 5). 

 

ANSWER:  

 

16. rectangle QRST with vertices Q(–8, 4), R(–8, 2), S(–
3, 2), and T(–3, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
rectangle are Q’(–8 + 2, 4 + 3), R’(–8 + 2, 2 + 3), 
S’(–3 + 2, 2 + 3), and T’(–3 + 2, 4 + 3). 

 

ANSWER:  

 

17. quadrilateral FGHJ with vertices F(–4, –2), G(–1, –
1), H(0, –4), and J(–3, –6);  

SOLUTION:  
The coordinates of the vertices of the translated 
quadrilateral are F’(–4 – 5, –2 – 2), G’(–1 – 5, –1 – 
2), H’(0 – 5, –4 – 2), and J’(–3 – 5, –6 – 2). 

 

ANSWER:  

 

18.  with vertices W(–3, –1), X(1, –1), Y(2, –4), 

and Z(–2, –4);  

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–3 – 3, –1 + 4), X’(1 – 3, –1 + 
4), Y’(2 – 3, –4 + 4), and Z’(–2 – 3, –4 + 4). 

 

ANSWER:  

 

19. trapezoid JKLM with vertices J(–4, –2), K(–1, –2), L

(0, –5), and M (–5, –5);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(–4 + 6, –2 + 5), K’(–1 + 6, –2 + 5), 
L’(0 + 6, –5 + 5), and M ’(–5 + 6, –5 + 5). 

 

ANSWER:  

 

20. PROBLEM SOLVING Brittany’s neighborhood is 
shown on the grid at the right. 

 
a. If she leaves home and travels 4 blocks north and 
3 blocks east, what is her new location? 
b. Use words to describe two possible translations 
that will take Brittany home from school. 

SOLUTION:  
a. Since the north side is marked upwards, travelling 
4 blocks north and 3 blocks east means moving 4 
blocks up and 3 blocks right. The point 4 blocks up 
and 3 blocks right to the home is the library. 
Therefore, her new location will be the library. 
b. The resultant vector must be . Any 
combination of vectors that form this resultant vector
will be satisfactory. 
  
 She can go west 5 blocks and then south 1 block, or 
she can go south 1 block and then west 5 blocks to 
reach the school. 

ANSWER:  
a. Library 
b. Sample answer: She can go west 5 blocks and 
then south 1 block, or she can go south 1 block and 
then west 5 blocks. 

21. FOOTBALL A wide receiver starts from his 15-
yard line on the right hash mark and runs a route that
takes him 12 yards to the left and down field for a 
gain of 17 yards. Write a translation vector to 
describe the receiver’s route. 

 

SOLUTION:  
The receiver starts on the right hash of the 15-yard 
line and moves 12 yards left and then 17 yards down 
field, or upwards as shown in the diagram.  

 
So, a translation vector that represents the receiver's 

route would be    

ANSWER:  
 

22. MULTI-STEP Each type of chess piece has a rule
for how it can be moved. A knight can move two 
squares horizontally and then one square vertically, 
or two squares vertically and one square 
horizontally. The bishop can only move diagonally. 
When a chess piece moves to a space that is 
occupied by an opponent’s piece, it is attacking that
piece. 

                            
a. What is the maximum number of knights that 
could be placed on an 8 by 8 chessboard so that 
none of the pieces can attack each other? What is 
the maximum number of bishops?  
b. Explain your solution process.  

SOLUTION:  
a-b.  I began by analyzing the movements of a single
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. Therefore,  is the 
maximum number of knight on an 8 by 8 
chessboard so that none can attack each other.  
      The bishops can move diagonally in any 
direction. I began by filling the entire first row of the 
chessboard with bishops. I crossed off all of the 
squares that could no longer be occupied by 
another bishop. From the remaining spaces 
available, you can fit the most bishops along the last 
row. Because the first and last square on the row 
can be attacked by a bishop on the opposite side of
the board, there are only 6 spaces available. So, 14
bishops can occupy a chessboard without being 
able to attack one another. 

 

ANSWER:  
a.  32; 14 
b. I began by analyzing the movements of a single 
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. The bishops can move 
diagonally in any direction. I began by filling the 
entire first row of the chessboard with bishops. I 
crossed off all of the squares that could no longer 
be occupied by another bishop. From the remaining
spaces available, you can fit the most bishops along 
the last row. Because the first and last square on the
row can be attacked by a bishop on the opposite 
side of the board, there are only 6 spaces available. 
So, 14 bishops can occupy a chessboard without 
being able to attack one another. 

Write each translation vector that maps the 
blue preimage to the green image. 

23.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue triangle is at (–2, 4). The top vertex of the green
triangle is at (1, –1), Subtract the coordinates. 
  
1 – (–2) = 3 
–1 – 4 = –5 
  
The triangle has been translated 3 units right and 5 

units down. So, the translation vector is  

ANSWER:  
 

24.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue pentagon is at (2, 0). The top vertex of the green
pentagon is at (–4, 4), Subtract the coordinates. 
  
–4 – (2) = –6 
4 – 0 = 4 
  
The pentagon has been translated 6 units left and 4 

units up. So, the translation vector is  

ANSWER:  
 

25. CONCERTS Dexter’s family buys tickets every 
year for a concert. Last year they were in seats C3, 
C4, C5, and C6. This year, they will be in seats D16, 
D17, D18, and D19. Write a translation in words and 
using vector notation that can be used to describe the
change in their seating. 

 

SOLUTION:  
Pick a seat from the new row and compare it to the 
corresponding seat in the previous row. The seat 
D16 is 13 seats right and 1 row back to C3. 
Therefore, the translation vector can be represented 

as  

ANSWER:  
They move to the right 13 seats and back one row; 

 

SENSE-MAKING Graph the translation of each
function along the given vector. Then write the 
equation of the translated image. 

26.   

 

SOLUTION:  

The translation of translates each point of 

 4 units right and 1 unit up. Thus,  the vertex 
of (0, 0) will translate to (4, 1). (1, 1) translates to (5, 
2) and (–1, 1) translates to (3, 2), etc. 
  

 
The equation for the translated function is y  = (x – 4)
2
 + 1. 

ANSWER:  

 
y = (x – 4)

2
 + 1 

27.   

 

SOLUTION:  

The translation of    translates each point of 

 2 units left. Thus,  the intercept of (0, 0) 
will translate to (–2, 0). (1, –1) translates to (–1, –1) 
and (–1, 1) translates to (–3, 1), etc. 
  

 
The equation of the translated function is y  = –(x + 

2)
3. 

ANSWER:  

 
y = –(x + 2)

3 

28. ROLLER COASTERS The length of the roller 
coaster track from the top of a hill to the bottom of 
the hill is 125 feet at a 53° angle with the vertical. If 
the position at the top of the hill is (x, y), use function 
notation to describe the translation to the bottom of 
the hill. Round to the nearest foot. 

SOLUTION:  
We have a triangle as shown. 

 
Use trigonometric ratios to find the vertical and 
horizontal changes of the coordinates of points from 
A to B. 
  

 

  
The vertex B is 75 ft down and 100 ft left to A. 
Therefore, the translation is (x, y) → (x – 75, y  – 
100). 

ANSWER:  
(x, y) → (x + 75, y  – 100) 

29. MULTIPLE REPRESENTATIONS In this 
problem, you will investigate reflections over a pair of
parallel lines. 

 
a. GEOMETRIC On patty paper, draw and 
a pair of vertical lines  l and m. Reflect in line l  by 
folding the patty paper. Then reflect, , in line 

m. Label the final image . 

b. GEOMETRIC Repeat the process in part a for 

reflected in vertical lines n and p  and 

 reflected in vertical lines q and r. 
c. TABULAR Copy and complete the table below. 

 
d. VERBAL Describe the result of two reflections 
in two vertical lines using one transformation. 

SOLUTION:  
a. 
Step 1: Draw ABC and line l and line m.  
Step 2: Fold the paper on line l.  Sketch the figure 
A'B'C'. 
Step 3: Fold the paper on line m.  Sketch the figure 
A''B''C''. 

 
  
b. 
Draw another triangle DEF and line n and line p  . 
Reflect twice following the steps in part a.  

 
  
Draw another triangle JKL and line q and line r . 
Reflect twice following the steps in part a.  
  

 
  
c. 

   
  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

ANSWER:  
a. 

 
b. 

 

 

c.  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

30. REASONING Determine a rule to find the final 
image of a point that is translated along 

and then . 

SOLUTION:  

Translating along  and then along   is 

same as translating along . Therefore, 

the translation vector is  

ANSWER:  
 

31. CHALLENGE A line y  = mx + b is translated using

the vector . Write the equation of the translated

line. What is the value of the y-intercept? 

SOLUTION:  

The vector  maps the point (x, y) → (x + a, y  +

b).  
  
Step 1: Identify two points on the line y  = mx + b. 

When x = 0, y  = b. When y  = 0, x = . So two 

points on the line y  = mx + b are (0, b) and ( , 
0).  
  
Step 2: Find the location of these points under the 
vector translation .  

(0, b) → (0 + a, b + b) → (a, 2b) 
  

( , 0) → (  + a, 0 + b) → (  + a, b) 
  
Step 3: Use these points to determine the equation 
of the translated line.  
  

 
  
Since the line is translated with its orientation 
unchanged we would expect the slope of the line to 
remain unchanged. Substituting the point (a, 2b) into
the equation  we will find   , the y -
intercept of the translated line.  

 
  
Note that if we had used the second point on the 
translated line, we would have arrived at the same 
value for the new y -intercept. 

 
  
Substituting the value of the new y -intercept into the
equation, we arrive at the equation for the translated
line.  

 
Combine like terms.  

 

ANSWER:  

y = m(x – a) + 2b; 2b – ma 

32. OPEN-ENDED Draw a figure on the coordinate 
plane so that the figure has the same orientation after
it is reflected in the line y  = 1. Explain what must be 
true in order for this to occur. 

SOLUTION:  
Draw figure ABCD with vertices at  A(–4, 8), B (4, 
8), C (4, 4), and D(–, 4). Draw the line y  = 1. 

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

 
In order for the figures ABCD and A'B'C'D' to be the
same, they must match up when you fold the grid in 
half horizontally at the y = 1 line. 

ANSWER:  

 
Sample answer: in order for the figure to be the 
same, it must match up when you fold it in half 
horizontally at the y  = 1 line. 

33. WRITING IN MATH Compare and contrast 
function notation and vector notation for translations. 

SOLUTION:  
Both vector notation and function notation describe 
the distance a figure is translated in the horizontal 
and vertical directions. Vector notation only 
describes the movement. It does not determine the 
beginning and ending locations. Function notation 
does both. It will give the initial point, the distance of 
the horizontal and vertical translation, and the ending 
point. For example, the translation a units to the right 
and b units up from the point (x, y) would be written 

 in vector notation and (x, y) → (x + a, y  + b) 

in function notation. 

ANSWER:  
Sample answer: Both vector notation and function 
notation describe the distance a figure is translated in
the horizontal and vertical directions. Vector notation 
does not give a rule in terms of initial location, but 
function notation does. For example, the translation a 
units to the right and b units up from the point (x, y) 

would be written  in vector notation and (x, y) 

→ (x + a, y  + b) in function notation. 

34. WRITING IN MATH Recall from Lesson 3-1 that
an invariant point maps onto itself. Can invariant 
points occur with translations? Explain why or why 
not. 

SOLUTION:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

ANSWER:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

35. On a grid triangle PQR has vertices P(2, 1), Q(3, –
1), and R(–1, –2) as shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). Find the coordinates of the vertices of triangle 
P'Q'R'. 
  
P' =  
Q' =  
R' =  
  
b. Which point lies in the interior of triangle P'Q'R'? 
A (0, –1) 
B (2, –4) 
C (–2, –4) 
D (–2, 2) 

SOLUTION:  
PQR has vertices P(2, 1), Q(3, –1), and R(–1, –2) as
shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). So the coordinates of the vertices of triangle 
P'Q'R' can be found by subtracting 2 from each x-
coordinate and adding 3 to each y-coordinate. 
  
P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. To find which point lies in the interior of triangle 
P'Q'R', either plot the image triangle on the 
coordinate plane and check, or notice that all of the 
image triangle is in quadrants I and II, and only 
answer choice D (–2, 2) is in either of those 
quadrants. 
  

ANSWER:  
a. P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. D 

36. Which of the following is the image of the line 
 under the translation (x, y) → (
)?  

A  
B  
C  
D  

SOLUTION:  
The translation of   can be 
thought of graphically, as a translation of the line 

 one unit to the left and one unit up. This 
would result in the translation graph seen below. The 
resulting line would be  . The correct 
choice is C. 

 

ANSWER:  
C 

37. Which of the following vectors will translate a point 
with the coordinates (3, –5) up and to the left on a 
coordinate plane? 
  
A  
B  
C  
D  

SOLUTION:  
The coordinates of the point do not matter, if a 
translation vector is to move a point up and to the 

left, the vector must be of the form , where a is
negative and b is positive. 
  
The correct answer is choice C. 

ANSWER:  
C 

38. Given a triangle with vertices A(–7, –1), B(–2, –3) 
and C(2, 4), which of the following represents the 
coordinates of the vertices of the image after a 
translation of the triangle 5 units right and 3 units up? 
  
A A(–4, 4), B(1, 2) and C(5, 9) 
B A(–2, 2), B(3, 0) and C(7, 7) 
C A(–12, 2), B(–7, 0) and C(–3, 7) 
D A(–2, –4), B(3, –6) and C(7, 1) 

SOLUTION:  
To translate A(–7, –1), B(–2, –3) and C(2, 4) five 
units right and three units up, add 5 to each x-
coordinate and add 3 to each y-coordinate.  
  
A(–7, –1), B(–2, –3), C(2, 4) → A(–7 + 5, –1 + 3), B
(–2 + 5, –3 + 3), C(2 + 5, 4 + 3)  
which is equivalent to  A(–2, 2), B(3, 0), C(7, 7).  

ANSWER:  
B 

39. Which of the following statements is true for both the
translation  and the translation 

?  
A   A point and its image have the same y-
coordinate. 
B   Points on the x-axis are mapped to other points 
on the x-axis. 
C   The translation vector is . 
D    A point in Quadrant I is mapped to another point
in Quadrant I. 

SOLUTION:  
Option A cannot be true, as the 
translation   would translate 
each y-coordinate up 2 units.  
Option B cannot be true, as the translation 

 would translate the point (2,0) 
to (2,2), a point no longer on the x-axis.  
Option C cannot be true, as the translation vertex 
for   would be , not . 
Option D is the correct choice as any point with 
positive x and y  coordinates will remain positive with 
either translation. Therefore they will remain in 
Quadrant I. 

ANSWER:  
D 

40. What is the distance between any point and its image
under the translation ? 
Round to the nearest tenth. 

SOLUTION:  
The distance between any point and its image are the
same, under the same translation. Therefore, choose 
any point, find its image under the 
translation  , and then use 
the Distance Formula to find the distance between 
these two points.  
  
Example: The image of point  would be 

.  

 
      

ANSWER:  
7.2 

41. Under which of the following translations does the 
image of rectangle JKLM not overlap rectangle 
JKLM? 

               
A     
B    
C    
D     
E     

SOLUTION:  
For JKLM to not overlap its image, the translation of 
the x-coordinates would have to be either more than 
3 or less than negative 3, since the length of the 
rectangle is 3 units. The only choice for which this is 
true is D.  

ANSWER:  
D 
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3-2 Translations 



Copy the figure and the given translation 
vector. Then draw the translation of the figure 
along the translation vector. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point B' by marking off this distance along the line 
through vertex B, starting at B and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points C' and D'. 
Then connect vertices B', C', and D' to form the 
translated image. 
  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point W' by marking off this distance along the line 
through vertex W, starting at W and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect vertices W', X ', Y' and Z' to form 
the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

4. trapezoid JKLM with vertices J(2, 4), K(1, 1), L(5, 1)

and M (4, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(2 + 7, 4 + 1), K’(1 + 7, 1 + 1), L’(5 +
7, 1 + 1) and M ’(4 + 7, 4 + 1). 

 

ANSWER:  

 

5.  with vertices D(–8, 8), F(–10, 4), and G(–7, 

6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are D’(–8 + 5, 8 – 2), F’(–10 + 5, 4 – 2), and
G’(–7 + 5, 6 – 2). 

 

ANSWER:  

 

6. parallelogram WXYZ with vertices W(–6, –5), X(–2, –
5), Y(–1, –8), and Z(–5, –8); 

 

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–6 – 1, –5 + 4), X’(–2 – 1, –5 
+ 4), Y’(–1 – 1, –8 + 4), and Z’(–5 – 1, –8 + 4). 
  

   

ANSWER:  

 

7. VIDEO GAMES The object of the video game 
shown is to manipulate the colored tiles left or right 
as they fall from the top of the screen to completely 
fill each row without leaving empty spaces. If the 
starting position of the tile piece at the top of the 
screen is (x, y), use function notation to describe the 
translation that will fill the indicated row. 

 

SOLUTION:  
There is only one block space for the row to be 
complete. For the object to fit in the place, it should 
be moved 3 places right and 5 places down. So, the 

translation vector should be  

Therefore, the translation is  

ANSWER:  
 

TOOLS  Copy the figure and the given 
translation vector. Then draw the translation of 
the figure along the translation vector. 

8.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point J' by marking off this distance along the line 
through vertex J, starting at J and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect vertices J', K',  L', and M' to form
the translated image. 

 

ANSWER:  

 

9.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point A ' by marking off this distance along the line 
through vertex A , starting at A  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points B' and C'. 
Then connect vertices A ', B', and C' to form the 
translated image. 

 

ANSWER:  

 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
  
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point X ' by marking off this distance along the line 
through vertex X , starting at X  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect vertices X ', Y', and Z' to form the 
translated image. 

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point D' by marking off this distance along the line 
through vertex D, starting at D and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect vertices D', F', G' and H' to form 
the translated image. 

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point V' by marking off this distance along the line 
through vertex V, starting at V and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect vertices V', W', X ', Y' and Z' 
to form the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

14.  with vertices A(1, 6), B(3, 2), and C(4, 

7);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are A’(1 + 4, 6 – 1), B’(3 + 4, 2 – 1), and 
C’(4 + 4, 7 – 1). 

 

ANSWER:  

 

15.  with vertices M (4, –5), N(5, –8), and P(8, –
6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are M ’(4 – 2, –5 + 5), N’(5 – 2, –8 + 5), and 
P’(8 – , –6 + 5). 

 

ANSWER:  

 

16. rectangle QRST with vertices Q(–8, 4), R(–8, 2), S(–
3, 2), and T(–3, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
rectangle are Q’(–8 + 2, 4 + 3), R’(–8 + 2, 2 + 3), 
S’(–3 + 2, 2 + 3), and T’(–3 + 2, 4 + 3). 

 

ANSWER:  

 

17. quadrilateral FGHJ with vertices F(–4, –2), G(–1, –
1), H(0, –4), and J(–3, –6);  

SOLUTION:  
The coordinates of the vertices of the translated 
quadrilateral are F’(–4 – 5, –2 – 2), G’(–1 – 5, –1 – 
2), H’(0 – 5, –4 – 2), and J’(–3 – 5, –6 – 2). 

 

ANSWER:  

 

18.  with vertices W(–3, –1), X(1, –1), Y(2, –4), 

and Z(–2, –4);  

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–3 – 3, –1 + 4), X’(1 – 3, –1 + 
4), Y’(2 – 3, –4 + 4), and Z’(–2 – 3, –4 + 4). 

 

ANSWER:  

 

19. trapezoid JKLM with vertices J(–4, –2), K(–1, –2), L

(0, –5), and M (–5, –5);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(–4 + 6, –2 + 5), K’(–1 + 6, –2 + 5), 
L’(0 + 6, –5 + 5), and M ’(–5 + 6, –5 + 5). 

 

ANSWER:  

 

20. PROBLEM SOLVING Brittany’s neighborhood is 
shown on the grid at the right. 

 
a. If she leaves home and travels 4 blocks north and 
3 blocks east, what is her new location? 
b. Use words to describe two possible translations 
that will take Brittany home from school. 

SOLUTION:  
a. Since the north side is marked upwards, travelling 
4 blocks north and 3 blocks east means moving 4 
blocks up and 3 blocks right. The point 4 blocks up 
and 3 blocks right to the home is the library. 
Therefore, her new location will be the library. 
b. The resultant vector must be . Any 
combination of vectors that form this resultant vector
will be satisfactory. 
  
 She can go west 5 blocks and then south 1 block, or 
she can go south 1 block and then west 5 blocks to 
reach the school. 

ANSWER:  
a. Library 
b. Sample answer: She can go west 5 blocks and 
then south 1 block, or she can go south 1 block and 
then west 5 blocks. 

21. FOOTBALL A wide receiver starts from his 15-
yard line on the right hash mark and runs a route that
takes him 12 yards to the left and down field for a 
gain of 17 yards. Write a translation vector to 
describe the receiver’s route. 

 

SOLUTION:  
The receiver starts on the right hash of the 15-yard 
line and moves 12 yards left and then 17 yards down 
field, or upwards as shown in the diagram.  

 
So, a translation vector that represents the receiver's 

route would be    

ANSWER:  
 

22. MULTI-STEP Each type of chess piece has a rule
for how it can be moved. A knight can move two 
squares horizontally and then one square vertically, 
or two squares vertically and one square 
horizontally. The bishop can only move diagonally. 
When a chess piece moves to a space that is 
occupied by an opponent’s piece, it is attacking that
piece. 

                            
a. What is the maximum number of knights that 
could be placed on an 8 by 8 chessboard so that 
none of the pieces can attack each other? What is 
the maximum number of bishops?  
b. Explain your solution process.  

SOLUTION:  
a-b.  I began by analyzing the movements of a single
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. Therefore,  is the 
maximum number of knight on an 8 by 8 
chessboard so that none can attack each other.  
      The bishops can move diagonally in any 
direction. I began by filling the entire first row of the 
chessboard with bishops. I crossed off all of the 
squares that could no longer be occupied by 
another bishop. From the remaining spaces 
available, you can fit the most bishops along the last 
row. Because the first and last square on the row 
can be attacked by a bishop on the opposite side of
the board, there are only 6 spaces available. So, 14
bishops can occupy a chessboard without being 
able to attack one another. 

 

ANSWER:  
a.  32; 14 
b. I began by analyzing the movements of a single 
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. The bishops can move 
diagonally in any direction. I began by filling the 
entire first row of the chessboard with bishops. I 
crossed off all of the squares that could no longer 
be occupied by another bishop. From the remaining
spaces available, you can fit the most bishops along 
the last row. Because the first and last square on the
row can be attacked by a bishop on the opposite 
side of the board, there are only 6 spaces available. 
So, 14 bishops can occupy a chessboard without 
being able to attack one another. 

Write each translation vector that maps the 
blue preimage to the green image. 

23.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue triangle is at (–2, 4). The top vertex of the green
triangle is at (1, –1), Subtract the coordinates. 
  
1 – (–2) = 3 
–1 – 4 = –5 
  
The triangle has been translated 3 units right and 5 

units down. So, the translation vector is  

ANSWER:  
 

24.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue pentagon is at (2, 0). The top vertex of the green
pentagon is at (–4, 4), Subtract the coordinates. 
  
–4 – (2) = –6 
4 – 0 = 4 
  
The pentagon has been translated 6 units left and 4 

units up. So, the translation vector is  

ANSWER:  
 

25. CONCERTS Dexter’s family buys tickets every 
year for a concert. Last year they were in seats C3, 
C4, C5, and C6. This year, they will be in seats D16, 
D17, D18, and D19. Write a translation in words and 
using vector notation that can be used to describe the
change in their seating. 

 

SOLUTION:  
Pick a seat from the new row and compare it to the 
corresponding seat in the previous row. The seat 
D16 is 13 seats right and 1 row back to C3. 
Therefore, the translation vector can be represented 

as  

ANSWER:  
They move to the right 13 seats and back one row; 

 

SENSE-MAKING Graph the translation of each
function along the given vector. Then write the 
equation of the translated image. 

26.   

 

SOLUTION:  

The translation of translates each point of 

 4 units right and 1 unit up. Thus,  the vertex 
of (0, 0) will translate to (4, 1). (1, 1) translates to (5, 
2) and (–1, 1) translates to (3, 2), etc. 
  

 
The equation for the translated function is y  = (x – 4)
2
 + 1. 

ANSWER:  

 
y = (x – 4)

2
 + 1 

27.   

 

SOLUTION:  

The translation of    translates each point of 

 2 units left. Thus,  the intercept of (0, 0) 
will translate to (–2, 0). (1, –1) translates to (–1, –1) 
and (–1, 1) translates to (–3, 1), etc. 
  

 
The equation of the translated function is y  = –(x + 

2)
3. 

ANSWER:  

 
y = –(x + 2)

3 

28. ROLLER COASTERS The length of the roller 
coaster track from the top of a hill to the bottom of 
the hill is 125 feet at a 53° angle with the vertical. If 
the position at the top of the hill is (x, y), use function 
notation to describe the translation to the bottom of 
the hill. Round to the nearest foot. 

SOLUTION:  
We have a triangle as shown. 

 
Use trigonometric ratios to find the vertical and 
horizontal changes of the coordinates of points from 
A to B. 
  

 

  
The vertex B is 75 ft down and 100 ft left to A. 
Therefore, the translation is (x, y) → (x – 75, y  – 
100). 

ANSWER:  
(x, y) → (x + 75, y  – 100) 

29. MULTIPLE REPRESENTATIONS In this 
problem, you will investigate reflections over a pair of
parallel lines. 

 
a. GEOMETRIC On patty paper, draw and 
a pair of vertical lines  l and m. Reflect in line l  by 
folding the patty paper. Then reflect, , in line 

m. Label the final image . 

b. GEOMETRIC Repeat the process in part a for 

reflected in vertical lines n and p  and 

 reflected in vertical lines q and r. 
c. TABULAR Copy and complete the table below. 

 
d. VERBAL Describe the result of two reflections 
in two vertical lines using one transformation. 

SOLUTION:  
a. 
Step 1: Draw ABC and line l and line m.  
Step 2: Fold the paper on line l.  Sketch the figure 
A'B'C'. 
Step 3: Fold the paper on line m.  Sketch the figure 
A''B''C''. 

 
  
b. 
Draw another triangle DEF and line n and line p  . 
Reflect twice following the steps in part a.  

 
  
Draw another triangle JKL and line q and line r . 
Reflect twice following the steps in part a.  
  

 
  
c. 

   
  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

ANSWER:  
a. 

 
b. 

 

 

c.  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

30. REASONING Determine a rule to find the final 
image of a point that is translated along 

and then . 

SOLUTION:  

Translating along  and then along   is 

same as translating along . Therefore, 

the translation vector is  

ANSWER:  
 

31. CHALLENGE A line y  = mx + b is translated using

the vector . Write the equation of the translated

line. What is the value of the y-intercept? 

SOLUTION:  

The vector  maps the point (x, y) → (x + a, y  +

b).  
  
Step 1: Identify two points on the line y  = mx + b. 

When x = 0, y  = b. When y  = 0, x = . So two 

points on the line y  = mx + b are (0, b) and ( , 
0).  
  
Step 2: Find the location of these points under the 
vector translation .  

(0, b) → (0 + a, b + b) → (a, 2b) 
  

( , 0) → (  + a, 0 + b) → (  + a, b) 
  
Step 3: Use these points to determine the equation 
of the translated line.  
  

 
  
Since the line is translated with its orientation 
unchanged we would expect the slope of the line to 
remain unchanged. Substituting the point (a, 2b) into
the equation  we will find   , the y -
intercept of the translated line.  

 
  
Note that if we had used the second point on the 
translated line, we would have arrived at the same 
value for the new y -intercept. 

 
  
Substituting the value of the new y -intercept into the
equation, we arrive at the equation for the translated
line.  

 
Combine like terms.  

 

ANSWER:  

y = m(x – a) + 2b; 2b – ma 

32. OPEN-ENDED Draw a figure on the coordinate 
plane so that the figure has the same orientation after
it is reflected in the line y  = 1. Explain what must be 
true in order for this to occur. 

SOLUTION:  
Draw figure ABCD with vertices at  A(–4, 8), B (4, 
8), C (4, 4), and D(–, 4). Draw the line y  = 1. 

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

 
In order for the figures ABCD and A'B'C'D' to be the
same, they must match up when you fold the grid in 
half horizontally at the y = 1 line. 

ANSWER:  

 
Sample answer: in order for the figure to be the 
same, it must match up when you fold it in half 
horizontally at the y  = 1 line. 

33. WRITING IN MATH Compare and contrast 
function notation and vector notation for translations. 

SOLUTION:  
Both vector notation and function notation describe 
the distance a figure is translated in the horizontal 
and vertical directions. Vector notation only 
describes the movement. It does not determine the 
beginning and ending locations. Function notation 
does both. It will give the initial point, the distance of 
the horizontal and vertical translation, and the ending 
point. For example, the translation a units to the right 
and b units up from the point (x, y) would be written 

 in vector notation and (x, y) → (x + a, y  + b) 

in function notation. 

ANSWER:  
Sample answer: Both vector notation and function 
notation describe the distance a figure is translated in
the horizontal and vertical directions. Vector notation 
does not give a rule in terms of initial location, but 
function notation does. For example, the translation a 
units to the right and b units up from the point (x, y) 

would be written  in vector notation and (x, y) 

→ (x + a, y  + b) in function notation. 

34. WRITING IN MATH Recall from Lesson 3-1 that
an invariant point maps onto itself. Can invariant 
points occur with translations? Explain why or why 
not. 

SOLUTION:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

ANSWER:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

35. On a grid triangle PQR has vertices P(2, 1), Q(3, –
1), and R(–1, –2) as shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). Find the coordinates of the vertices of triangle 
P'Q'R'. 
  
P' =  
Q' =  
R' =  
  
b. Which point lies in the interior of triangle P'Q'R'? 
A (0, –1) 
B (2, –4) 
C (–2, –4) 
D (–2, 2) 

SOLUTION:  
PQR has vertices P(2, 1), Q(3, –1), and R(–1, –2) as
shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). So the coordinates of the vertices of triangle 
P'Q'R' can be found by subtracting 2 from each x-
coordinate and adding 3 to each y-coordinate. 
  
P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. To find which point lies in the interior of triangle 
P'Q'R', either plot the image triangle on the 
coordinate plane and check, or notice that all of the 
image triangle is in quadrants I and II, and only 
answer choice D (–2, 2) is in either of those 
quadrants. 
  

ANSWER:  
a. P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. D 

36. Which of the following is the image of the line 
 under the translation (x, y) → (
)?  

A  
B  
C  
D  

SOLUTION:  
The translation of   can be 
thought of graphically, as a translation of the line 

 one unit to the left and one unit up. This 
would result in the translation graph seen below. The 
resulting line would be  . The correct 
choice is C. 

 

ANSWER:  
C 

37. Which of the following vectors will translate a point 
with the coordinates (3, –5) up and to the left on a 
coordinate plane? 
  
A  
B  
C  
D  

SOLUTION:  
The coordinates of the point do not matter, if a 
translation vector is to move a point up and to the 

left, the vector must be of the form , where a is
negative and b is positive. 
  
The correct answer is choice C. 

ANSWER:  
C 

38. Given a triangle with vertices A(–7, –1), B(–2, –3) 
and C(2, 4), which of the following represents the 
coordinates of the vertices of the image after a 
translation of the triangle 5 units right and 3 units up? 
  
A A(–4, 4), B(1, 2) and C(5, 9) 
B A(–2, 2), B(3, 0) and C(7, 7) 
C A(–12, 2), B(–7, 0) and C(–3, 7) 
D A(–2, –4), B(3, –6) and C(7, 1) 

SOLUTION:  
To translate A(–7, –1), B(–2, –3) and C(2, 4) five 
units right and three units up, add 5 to each x-
coordinate and add 3 to each y-coordinate.  
  
A(–7, –1), B(–2, –3), C(2, 4) → A(–7 + 5, –1 + 3), B
(–2 + 5, –3 + 3), C(2 + 5, 4 + 3)  
which is equivalent to  A(–2, 2), B(3, 0), C(7, 7).  

ANSWER:  
B 

39. Which of the following statements is true for both the
translation  and the translation 

?  
A   A point and its image have the same y-
coordinate. 
B   Points on the x-axis are mapped to other points 
on the x-axis. 
C   The translation vector is . 
D    A point in Quadrant I is mapped to another point
in Quadrant I. 

SOLUTION:  
Option A cannot be true, as the 
translation   would translate 
each y-coordinate up 2 units.  
Option B cannot be true, as the translation 

 would translate the point (2,0) 
to (2,2), a point no longer on the x-axis.  
Option C cannot be true, as the translation vertex 
for   would be , not . 
Option D is the correct choice as any point with 
positive x and y  coordinates will remain positive with 
either translation. Therefore they will remain in 
Quadrant I. 

ANSWER:  
D 

40. What is the distance between any point and its image
under the translation ? 
Round to the nearest tenth. 

SOLUTION:  
The distance between any point and its image are the
same, under the same translation. Therefore, choose 
any point, find its image under the 
translation  , and then use 
the Distance Formula to find the distance between 
these two points.  
  
Example: The image of point  would be 

.  

 
      

ANSWER:  
7.2 

41. Under which of the following translations does the 
image of rectangle JKLM not overlap rectangle 
JKLM? 

               
A     
B    
C    
D     
E     

SOLUTION:  
For JKLM to not overlap its image, the translation of 
the x-coordinates would have to be either more than 
3 or less than negative 3, since the length of the 
rectangle is 3 units. The only choice for which this is 
true is D.  

ANSWER:  
D 

Copy the figure and the given translation 
vector. Then draw the translation of the figure 
along the translation vector. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point B' by marking off this distance along the line 
through vertex B, starting at B and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points C' and D'. 
Then connect vertices B', C', and D' to form the 
translated image. 
  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point W' by marking off this distance along the line 
through vertex W, starting at W and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect vertices W', X ', Y' and Z' to form 
the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

4. trapezoid JKLM with vertices J(2, 4), K(1, 1), L(5, 1)

and M (4, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(2 + 7, 4 + 1), K’(1 + 7, 1 + 1), L’(5 +
7, 1 + 1) and M ’(4 + 7, 4 + 1). 

 

ANSWER:  

 

5.  with vertices D(–8, 8), F(–10, 4), and G(–7, 

6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are D’(–8 + 5, 8 – 2), F’(–10 + 5, 4 – 2), and
G’(–7 + 5, 6 – 2). 

 

ANSWER:  

 

6. parallelogram WXYZ with vertices W(–6, –5), X(–2, –
5), Y(–1, –8), and Z(–5, –8); 

 

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–6 – 1, –5 + 4), X’(–2 – 1, –5 
+ 4), Y’(–1 – 1, –8 + 4), and Z’(–5 – 1, –8 + 4). 
  

   

ANSWER:  

 

7. VIDEO GAMES The object of the video game 
shown is to manipulate the colored tiles left or right 
as they fall from the top of the screen to completely 
fill each row without leaving empty spaces. If the 
starting position of the tile piece at the top of the 
screen is (x, y), use function notation to describe the 
translation that will fill the indicated row. 

 

SOLUTION:  
There is only one block space for the row to be 
complete. For the object to fit in the place, it should 
be moved 3 places right and 5 places down. So, the 

translation vector should be  

Therefore, the translation is  

ANSWER:  
 

TOOLS  Copy the figure and the given 
translation vector. Then draw the translation of 
the figure along the translation vector. 

8.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point J' by marking off this distance along the line 
through vertex J, starting at J and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect vertices J', K',  L', and M' to form
the translated image. 

 

ANSWER:  

 

9.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point A ' by marking off this distance along the line 
through vertex A , starting at A  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points B' and C'. 
Then connect vertices A ', B', and C' to form the 
translated image. 

 

ANSWER:  

 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
  
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point X ' by marking off this distance along the line 
through vertex X , starting at X  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect vertices X ', Y', and Z' to form the 
translated image. 

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point D' by marking off this distance along the line 
through vertex D, starting at D and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect vertices D', F', G' and H' to form 
the translated image. 

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point V' by marking off this distance along the line 
through vertex V, starting at V and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect vertices V', W', X ', Y' and Z' 
to form the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

14.  with vertices A(1, 6), B(3, 2), and C(4, 

7);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are A’(1 + 4, 6 – 1), B’(3 + 4, 2 – 1), and 
C’(4 + 4, 7 – 1). 

 

ANSWER:  

 

15.  with vertices M (4, –5), N(5, –8), and P(8, –
6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are M ’(4 – 2, –5 + 5), N’(5 – 2, –8 + 5), and 
P’(8 – , –6 + 5). 

 

ANSWER:  

 

16. rectangle QRST with vertices Q(–8, 4), R(–8, 2), S(–
3, 2), and T(–3, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
rectangle are Q’(–8 + 2, 4 + 3), R’(–8 + 2, 2 + 3), 
S’(–3 + 2, 2 + 3), and T’(–3 + 2, 4 + 3). 

 

ANSWER:  

 

17. quadrilateral FGHJ with vertices F(–4, –2), G(–1, –
1), H(0, –4), and J(–3, –6);  

SOLUTION:  
The coordinates of the vertices of the translated 
quadrilateral are F’(–4 – 5, –2 – 2), G’(–1 – 5, –1 – 
2), H’(0 – 5, –4 – 2), and J’(–3 – 5, –6 – 2). 

 

ANSWER:  

 

18.  with vertices W(–3, –1), X(1, –1), Y(2, –4), 

and Z(–2, –4);  

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–3 – 3, –1 + 4), X’(1 – 3, –1 + 
4), Y’(2 – 3, –4 + 4), and Z’(–2 – 3, –4 + 4). 

 

ANSWER:  

 

19. trapezoid JKLM with vertices J(–4, –2), K(–1, –2), L

(0, –5), and M (–5, –5);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(–4 + 6, –2 + 5), K’(–1 + 6, –2 + 5), 
L’(0 + 6, –5 + 5), and M ’(–5 + 6, –5 + 5). 

 

ANSWER:  

 

20. PROBLEM SOLVING Brittany’s neighborhood is 
shown on the grid at the right. 

 
a. If she leaves home and travels 4 blocks north and 
3 blocks east, what is her new location? 
b. Use words to describe two possible translations 
that will take Brittany home from school. 

SOLUTION:  
a. Since the north side is marked upwards, travelling 
4 blocks north and 3 blocks east means moving 4 
blocks up and 3 blocks right. The point 4 blocks up 
and 3 blocks right to the home is the library. 
Therefore, her new location will be the library. 
b. The resultant vector must be . Any 
combination of vectors that form this resultant vector
will be satisfactory. 
  
 She can go west 5 blocks and then south 1 block, or 
she can go south 1 block and then west 5 blocks to 
reach the school. 

ANSWER:  
a. Library 
b. Sample answer: She can go west 5 blocks and 
then south 1 block, or she can go south 1 block and 
then west 5 blocks. 

21. FOOTBALL A wide receiver starts from his 15-
yard line on the right hash mark and runs a route that
takes him 12 yards to the left and down field for a 
gain of 17 yards. Write a translation vector to 
describe the receiver’s route. 

 

SOLUTION:  
The receiver starts on the right hash of the 15-yard 
line and moves 12 yards left and then 17 yards down 
field, or upwards as shown in the diagram.  

 
So, a translation vector that represents the receiver's 

route would be    

ANSWER:  
 

22. MULTI-STEP Each type of chess piece has a rule
for how it can be moved. A knight can move two 
squares horizontally and then one square vertically, 
or two squares vertically and one square 
horizontally. The bishop can only move diagonally. 
When a chess piece moves to a space that is 
occupied by an opponent’s piece, it is attacking that
piece. 

                            
a. What is the maximum number of knights that 
could be placed on an 8 by 8 chessboard so that 
none of the pieces can attack each other? What is 
the maximum number of bishops?  
b. Explain your solution process.  

SOLUTION:  
a-b.  I began by analyzing the movements of a single
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. Therefore,  is the 
maximum number of knight on an 8 by 8 
chessboard so that none can attack each other.  
      The bishops can move diagonally in any 
direction. I began by filling the entire first row of the 
chessboard with bishops. I crossed off all of the 
squares that could no longer be occupied by 
another bishop. From the remaining spaces 
available, you can fit the most bishops along the last 
row. Because the first and last square on the row 
can be attacked by a bishop on the opposite side of
the board, there are only 6 spaces available. So, 14
bishops can occupy a chessboard without being 
able to attack one another. 

 

ANSWER:  
a.  32; 14 
b. I began by analyzing the movements of a single 
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. The bishops can move 
diagonally in any direction. I began by filling the 
entire first row of the chessboard with bishops. I 
crossed off all of the squares that could no longer 
be occupied by another bishop. From the remaining
spaces available, you can fit the most bishops along 
the last row. Because the first and last square on the
row can be attacked by a bishop on the opposite 
side of the board, there are only 6 spaces available. 
So, 14 bishops can occupy a chessboard without 
being able to attack one another. 

Write each translation vector that maps the 
blue preimage to the green image. 

23.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue triangle is at (–2, 4). The top vertex of the green
triangle is at (1, –1), Subtract the coordinates. 
  
1 – (–2) = 3 
–1 – 4 = –5 
  
The triangle has been translated 3 units right and 5 

units down. So, the translation vector is  

ANSWER:  
 

24.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue pentagon is at (2, 0). The top vertex of the green
pentagon is at (–4, 4), Subtract the coordinates. 
  
–4 – (2) = –6 
4 – 0 = 4 
  
The pentagon has been translated 6 units left and 4 

units up. So, the translation vector is  

ANSWER:  
 

25. CONCERTS Dexter’s family buys tickets every 
year for a concert. Last year they were in seats C3, 
C4, C5, and C6. This year, they will be in seats D16, 
D17, D18, and D19. Write a translation in words and 
using vector notation that can be used to describe the
change in their seating. 

 

SOLUTION:  
Pick a seat from the new row and compare it to the 
corresponding seat in the previous row. The seat 
D16 is 13 seats right and 1 row back to C3. 
Therefore, the translation vector can be represented 

as  

ANSWER:  
They move to the right 13 seats and back one row; 

 

SENSE-MAKING Graph the translation of each
function along the given vector. Then write the 
equation of the translated image. 

26.   

 

SOLUTION:  

The translation of translates each point of 

 4 units right and 1 unit up. Thus,  the vertex 
of (0, 0) will translate to (4, 1). (1, 1) translates to (5, 
2) and (–1, 1) translates to (3, 2), etc. 
  

 
The equation for the translated function is y  = (x – 4)
2
 + 1. 

ANSWER:  

 
y = (x – 4)

2
 + 1 

27.   

 

SOLUTION:  

The translation of    translates each point of 

 2 units left. Thus,  the intercept of (0, 0) 
will translate to (–2, 0). (1, –1) translates to (–1, –1) 
and (–1, 1) translates to (–3, 1), etc. 
  

 
The equation of the translated function is y  = –(x + 

2)
3. 

ANSWER:  

 
y = –(x + 2)

3 

28. ROLLER COASTERS The length of the roller 
coaster track from the top of a hill to the bottom of 
the hill is 125 feet at a 53° angle with the vertical. If 
the position at the top of the hill is (x, y), use function 
notation to describe the translation to the bottom of 
the hill. Round to the nearest foot. 

SOLUTION:  
We have a triangle as shown. 

 
Use trigonometric ratios to find the vertical and 
horizontal changes of the coordinates of points from 
A to B. 
  

 

  
The vertex B is 75 ft down and 100 ft left to A. 
Therefore, the translation is (x, y) → (x – 75, y  – 
100). 

ANSWER:  
(x, y) → (x + 75, y  – 100) 

29. MULTIPLE REPRESENTATIONS In this 
problem, you will investigate reflections over a pair of
parallel lines. 

 
a. GEOMETRIC On patty paper, draw and 
a pair of vertical lines  l and m. Reflect in line l  by 
folding the patty paper. Then reflect, , in line 

m. Label the final image . 

b. GEOMETRIC Repeat the process in part a for 

reflected in vertical lines n and p  and 

 reflected in vertical lines q and r. 
c. TABULAR Copy and complete the table below. 

 
d. VERBAL Describe the result of two reflections 
in two vertical lines using one transformation. 

SOLUTION:  
a. 
Step 1: Draw ABC and line l and line m.  
Step 2: Fold the paper on line l.  Sketch the figure 
A'B'C'. 
Step 3: Fold the paper on line m.  Sketch the figure 
A''B''C''. 

 
  
b. 
Draw another triangle DEF and line n and line p  . 
Reflect twice following the steps in part a.  

 
  
Draw another triangle JKL and line q and line r . 
Reflect twice following the steps in part a.  
  

 
  
c. 

   
  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

ANSWER:  
a. 

 
b. 

 

 

c.  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

30. REASONING Determine a rule to find the final 
image of a point that is translated along 

and then . 

SOLUTION:  

Translating along  and then along   is 

same as translating along . Therefore, 

the translation vector is  

ANSWER:  
 

31. CHALLENGE A line y  = mx + b is translated using

the vector . Write the equation of the translated

line. What is the value of the y-intercept? 

SOLUTION:  

The vector  maps the point (x, y) → (x + a, y  +

b).  
  
Step 1: Identify two points on the line y  = mx + b. 

When x = 0, y  = b. When y  = 0, x = . So two 

points on the line y  = mx + b are (0, b) and ( , 
0).  
  
Step 2: Find the location of these points under the 
vector translation .  

(0, b) → (0 + a, b + b) → (a, 2b) 
  

( , 0) → (  + a, 0 + b) → (  + a, b) 
  
Step 3: Use these points to determine the equation 
of the translated line.  
  

 
  
Since the line is translated with its orientation 
unchanged we would expect the slope of the line to 
remain unchanged. Substituting the point (a, 2b) into
the equation  we will find   , the y -
intercept of the translated line.  

 
  
Note that if we had used the second point on the 
translated line, we would have arrived at the same 
value for the new y -intercept. 

 
  
Substituting the value of the new y -intercept into the
equation, we arrive at the equation for the translated
line.  

 
Combine like terms.  

 

ANSWER:  

y = m(x – a) + 2b; 2b – ma 

32. OPEN-ENDED Draw a figure on the coordinate 
plane so that the figure has the same orientation after
it is reflected in the line y  = 1. Explain what must be 
true in order for this to occur. 

SOLUTION:  
Draw figure ABCD with vertices at  A(–4, 8), B (4, 
8), C (4, 4), and D(–, 4). Draw the line y  = 1. 

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

 
In order for the figures ABCD and A'B'C'D' to be the
same, they must match up when you fold the grid in 
half horizontally at the y = 1 line. 

ANSWER:  

 
Sample answer: in order for the figure to be the 
same, it must match up when you fold it in half 
horizontally at the y  = 1 line. 

33. WRITING IN MATH Compare and contrast 
function notation and vector notation for translations. 

SOLUTION:  
Both vector notation and function notation describe 
the distance a figure is translated in the horizontal 
and vertical directions. Vector notation only 
describes the movement. It does not determine the 
beginning and ending locations. Function notation 
does both. It will give the initial point, the distance of 
the horizontal and vertical translation, and the ending 
point. For example, the translation a units to the right 
and b units up from the point (x, y) would be written 

 in vector notation and (x, y) → (x + a, y  + b) 

in function notation. 

ANSWER:  
Sample answer: Both vector notation and function 
notation describe the distance a figure is translated in
the horizontal and vertical directions. Vector notation 
does not give a rule in terms of initial location, but 
function notation does. For example, the translation a 
units to the right and b units up from the point (x, y) 

would be written  in vector notation and (x, y) 

→ (x + a, y  + b) in function notation. 

34. WRITING IN MATH Recall from Lesson 3-1 that
an invariant point maps onto itself. Can invariant 
points occur with translations? Explain why or why 
not. 

SOLUTION:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

ANSWER:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

35. On a grid triangle PQR has vertices P(2, 1), Q(3, –
1), and R(–1, –2) as shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). Find the coordinates of the vertices of triangle 
P'Q'R'. 
  
P' =  
Q' =  
R' =  
  
b. Which point lies in the interior of triangle P'Q'R'? 
A (0, –1) 
B (2, –4) 
C (–2, –4) 
D (–2, 2) 

SOLUTION:  
PQR has vertices P(2, 1), Q(3, –1), and R(–1, –2) as
shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). So the coordinates of the vertices of triangle 
P'Q'R' can be found by subtracting 2 from each x-
coordinate and adding 3 to each y-coordinate. 
  
P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. To find which point lies in the interior of triangle 
P'Q'R', either plot the image triangle on the 
coordinate plane and check, or notice that all of the 
image triangle is in quadrants I and II, and only 
answer choice D (–2, 2) is in either of those 
quadrants. 
  

ANSWER:  
a. P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. D 

36. Which of the following is the image of the line 
 under the translation (x, y) → (
)?  

A  
B  
C  
D  

SOLUTION:  
The translation of   can be 
thought of graphically, as a translation of the line 

 one unit to the left and one unit up. This 
would result in the translation graph seen below. The 
resulting line would be  . The correct 
choice is C. 

 

ANSWER:  
C 

37. Which of the following vectors will translate a point 
with the coordinates (3, –5) up and to the left on a 
coordinate plane? 
  
A  
B  
C  
D  

SOLUTION:  
The coordinates of the point do not matter, if a 
translation vector is to move a point up and to the 

left, the vector must be of the form , where a is
negative and b is positive. 
  
The correct answer is choice C. 

ANSWER:  
C 

38. Given a triangle with vertices A(–7, –1), B(–2, –3) 
and C(2, 4), which of the following represents the 
coordinates of the vertices of the image after a 
translation of the triangle 5 units right and 3 units up? 
  
A A(–4, 4), B(1, 2) and C(5, 9) 
B A(–2, 2), B(3, 0) and C(7, 7) 
C A(–12, 2), B(–7, 0) and C(–3, 7) 
D A(–2, –4), B(3, –6) and C(7, 1) 

SOLUTION:  
To translate A(–7, –1), B(–2, –3) and C(2, 4) five 
units right and three units up, add 5 to each x-
coordinate and add 3 to each y-coordinate.  
  
A(–7, –1), B(–2, –3), C(2, 4) → A(–7 + 5, –1 + 3), B
(–2 + 5, –3 + 3), C(2 + 5, 4 + 3)  
which is equivalent to  A(–2, 2), B(3, 0), C(7, 7).  

ANSWER:  
B 

39. Which of the following statements is true for both the
translation  and the translation 

?  
A   A point and its image have the same y-
coordinate. 
B   Points on the x-axis are mapped to other points 
on the x-axis. 
C   The translation vector is . 
D    A point in Quadrant I is mapped to another point
in Quadrant I. 

SOLUTION:  
Option A cannot be true, as the 
translation   would translate 
each y-coordinate up 2 units.  
Option B cannot be true, as the translation 

 would translate the point (2,0) 
to (2,2), a point no longer on the x-axis.  
Option C cannot be true, as the translation vertex 
for   would be , not . 
Option D is the correct choice as any point with 
positive x and y  coordinates will remain positive with 
either translation. Therefore they will remain in 
Quadrant I. 

ANSWER:  
D 

40. What is the distance between any point and its image
under the translation ? 
Round to the nearest tenth. 

SOLUTION:  
The distance between any point and its image are the
same, under the same translation. Therefore, choose 
any point, find its image under the 
translation  , and then use 
the Distance Formula to find the distance between 
these two points.  
  
Example: The image of point  would be 

.  

 
      

ANSWER:  
7.2 

41. Under which of the following translations does the 
image of rectangle JKLM not overlap rectangle 
JKLM? 

               
A     
B    
C    
D     
E     

SOLUTION:  
For JKLM to not overlap its image, the translation of 
the x-coordinates would have to be either more than 
3 or less than negative 3, since the length of the 
rectangle is 3 units. The only choice for which this is 
true is D.  

ANSWER:  
D 
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3-2 Translations 



Copy the figure and the given translation 
vector. Then draw the translation of the figure 
along the translation vector. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point B' by marking off this distance along the line 
through vertex B, starting at B and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points C' and D'. 
Then connect vertices B', C', and D' to form the 
translated image. 
  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point W' by marking off this distance along the line 
through vertex W, starting at W and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect vertices W', X ', Y' and Z' to form 
the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

4. trapezoid JKLM with vertices J(2, 4), K(1, 1), L(5, 1)

and M (4, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(2 + 7, 4 + 1), K’(1 + 7, 1 + 1), L’(5 +
7, 1 + 1) and M ’(4 + 7, 4 + 1). 

 

ANSWER:  

 

5.  with vertices D(–8, 8), F(–10, 4), and G(–7, 

6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are D’(–8 + 5, 8 – 2), F’(–10 + 5, 4 – 2), and
G’(–7 + 5, 6 – 2). 

 

ANSWER:  

 

6. parallelogram WXYZ with vertices W(–6, –5), X(–2, –
5), Y(–1, –8), and Z(–5, –8); 

 

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–6 – 1, –5 + 4), X’(–2 – 1, –5 
+ 4), Y’(–1 – 1, –8 + 4), and Z’(–5 – 1, –8 + 4). 
  

   

ANSWER:  

 

7. VIDEO GAMES The object of the video game 
shown is to manipulate the colored tiles left or right 
as they fall from the top of the screen to completely 
fill each row without leaving empty spaces. If the 
starting position of the tile piece at the top of the 
screen is (x, y), use function notation to describe the 
translation that will fill the indicated row. 

 

SOLUTION:  
There is only one block space for the row to be 
complete. For the object to fit in the place, it should 
be moved 3 places right and 5 places down. So, the 

translation vector should be  

Therefore, the translation is  

ANSWER:  
 

TOOLS  Copy the figure and the given 
translation vector. Then draw the translation of 
the figure along the translation vector. 

8.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point J' by marking off this distance along the line 
through vertex J, starting at J and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect vertices J', K',  L', and M' to form
the translated image. 

 

ANSWER:  

 

9.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point A ' by marking off this distance along the line 
through vertex A , starting at A  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points B' and C'. 
Then connect vertices A ', B', and C' to form the 
translated image. 

 

ANSWER:  

 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
  
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point X ' by marking off this distance along the line 
through vertex X , starting at X  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect vertices X ', Y', and Z' to form the 
translated image. 

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point D' by marking off this distance along the line 
through vertex D, starting at D and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect vertices D', F', G' and H' to form 
the translated image. 

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point V' by marking off this distance along the line 
through vertex V, starting at V and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect vertices V', W', X ', Y' and Z' 
to form the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

14.  with vertices A(1, 6), B(3, 2), and C(4, 

7);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are A’(1 + 4, 6 – 1), B’(3 + 4, 2 – 1), and 
C’(4 + 4, 7 – 1). 

 

ANSWER:  

 

15.  with vertices M (4, –5), N(5, –8), and P(8, –
6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are M ’(4 – 2, –5 + 5), N’(5 – 2, –8 + 5), and 
P’(8 – , –6 + 5). 

 

ANSWER:  

 

16. rectangle QRST with vertices Q(–8, 4), R(–8, 2), S(–
3, 2), and T(–3, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
rectangle are Q’(–8 + 2, 4 + 3), R’(–8 + 2, 2 + 3), 
S’(–3 + 2, 2 + 3), and T’(–3 + 2, 4 + 3). 

 

ANSWER:  

 

17. quadrilateral FGHJ with vertices F(–4, –2), G(–1, –
1), H(0, –4), and J(–3, –6);  

SOLUTION:  
The coordinates of the vertices of the translated 
quadrilateral are F’(–4 – 5, –2 – 2), G’(–1 – 5, –1 – 
2), H’(0 – 5, –4 – 2), and J’(–3 – 5, –6 – 2). 

 

ANSWER:  

 

18.  with vertices W(–3, –1), X(1, –1), Y(2, –4), 

and Z(–2, –4);  

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–3 – 3, –1 + 4), X’(1 – 3, –1 + 
4), Y’(2 – 3, –4 + 4), and Z’(–2 – 3, –4 + 4). 

 

ANSWER:  

 

19. trapezoid JKLM with vertices J(–4, –2), K(–1, –2), L

(0, –5), and M (–5, –5);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(–4 + 6, –2 + 5), K’(–1 + 6, –2 + 5), 
L’(0 + 6, –5 + 5), and M ’(–5 + 6, –5 + 5). 

 

ANSWER:  

 

20. PROBLEM SOLVING Brittany’s neighborhood is 
shown on the grid at the right. 

 
a. If she leaves home and travels 4 blocks north and 
3 blocks east, what is her new location? 
b. Use words to describe two possible translations 
that will take Brittany home from school. 

SOLUTION:  
a. Since the north side is marked upwards, travelling 
4 blocks north and 3 blocks east means moving 4 
blocks up and 3 blocks right. The point 4 blocks up 
and 3 blocks right to the home is the library. 
Therefore, her new location will be the library. 
b. The resultant vector must be . Any 
combination of vectors that form this resultant vector
will be satisfactory. 
  
 She can go west 5 blocks and then south 1 block, or 
she can go south 1 block and then west 5 blocks to 
reach the school. 

ANSWER:  
a. Library 
b. Sample answer: She can go west 5 blocks and 
then south 1 block, or she can go south 1 block and 
then west 5 blocks. 

21. FOOTBALL A wide receiver starts from his 15-
yard line on the right hash mark and runs a route that
takes him 12 yards to the left and down field for a 
gain of 17 yards. Write a translation vector to 
describe the receiver’s route. 

 

SOLUTION:  
The receiver starts on the right hash of the 15-yard 
line and moves 12 yards left and then 17 yards down 
field, or upwards as shown in the diagram.  

 
So, a translation vector that represents the receiver's 

route would be    

ANSWER:  
 

22. MULTI-STEP Each type of chess piece has a rule
for how it can be moved. A knight can move two 
squares horizontally and then one square vertically, 
or two squares vertically and one square 
horizontally. The bishop can only move diagonally. 
When a chess piece moves to a space that is 
occupied by an opponent’s piece, it is attacking that
piece. 

                            
a. What is the maximum number of knights that 
could be placed on an 8 by 8 chessboard so that 
none of the pieces can attack each other? What is 
the maximum number of bishops?  
b. Explain your solution process.  

SOLUTION:  
a-b.  I began by analyzing the movements of a single
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. Therefore,  is the 
maximum number of knight on an 8 by 8 
chessboard so that none can attack each other.  
      The bishops can move diagonally in any 
direction. I began by filling the entire first row of the 
chessboard with bishops. I crossed off all of the 
squares that could no longer be occupied by 
another bishop. From the remaining spaces 
available, you can fit the most bishops along the last 
row. Because the first and last square on the row 
can be attacked by a bishop on the opposite side of
the board, there are only 6 spaces available. So, 14
bishops can occupy a chessboard without being 
able to attack one another. 

 

ANSWER:  
a.  32; 14 
b. I began by analyzing the movements of a single 
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. The bishops can move 
diagonally in any direction. I began by filling the 
entire first row of the chessboard with bishops. I 
crossed off all of the squares that could no longer 
be occupied by another bishop. From the remaining
spaces available, you can fit the most bishops along 
the last row. Because the first and last square on the
row can be attacked by a bishop on the opposite 
side of the board, there are only 6 spaces available. 
So, 14 bishops can occupy a chessboard without 
being able to attack one another. 

Write each translation vector that maps the 
blue preimage to the green image. 

23.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue triangle is at (–2, 4). The top vertex of the green
triangle is at (1, –1), Subtract the coordinates. 
  
1 – (–2) = 3 
–1 – 4 = –5 
  
The triangle has been translated 3 units right and 5 

units down. So, the translation vector is  

ANSWER:  
 

24.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue pentagon is at (2, 0). The top vertex of the green
pentagon is at (–4, 4), Subtract the coordinates. 
  
–4 – (2) = –6 
4 – 0 = 4 
  
The pentagon has been translated 6 units left and 4 

units up. So, the translation vector is  

ANSWER:  
 

25. CONCERTS Dexter’s family buys tickets every 
year for a concert. Last year they were in seats C3, 
C4, C5, and C6. This year, they will be in seats D16, 
D17, D18, and D19. Write a translation in words and 
using vector notation that can be used to describe the
change in their seating. 

 

SOLUTION:  
Pick a seat from the new row and compare it to the 
corresponding seat in the previous row. The seat 
D16 is 13 seats right and 1 row back to C3. 
Therefore, the translation vector can be represented 

as  

ANSWER:  
They move to the right 13 seats and back one row; 

 

SENSE-MAKING Graph the translation of each
function along the given vector. Then write the 
equation of the translated image. 

26.   

 

SOLUTION:  

The translation of translates each point of 

 4 units right and 1 unit up. Thus,  the vertex 
of (0, 0) will translate to (4, 1). (1, 1) translates to (5, 
2) and (–1, 1) translates to (3, 2), etc. 
  

 
The equation for the translated function is y  = (x – 4)
2
 + 1. 

ANSWER:  

 
y = (x – 4)

2
 + 1 

27.   

 

SOLUTION:  

The translation of    translates each point of 

 2 units left. Thus,  the intercept of (0, 0) 
will translate to (–2, 0). (1, –1) translates to (–1, –1) 
and (–1, 1) translates to (–3, 1), etc. 
  

 
The equation of the translated function is y  = –(x + 

2)
3. 

ANSWER:  

 
y = –(x + 2)

3 

28. ROLLER COASTERS The length of the roller 
coaster track from the top of a hill to the bottom of 
the hill is 125 feet at a 53° angle with the vertical. If 
the position at the top of the hill is (x, y), use function 
notation to describe the translation to the bottom of 
the hill. Round to the nearest foot. 

SOLUTION:  
We have a triangle as shown. 

 
Use trigonometric ratios to find the vertical and 
horizontal changes of the coordinates of points from 
A to B. 
  

 

  
The vertex B is 75 ft down and 100 ft left to A. 
Therefore, the translation is (x, y) → (x – 75, y  – 
100). 

ANSWER:  
(x, y) → (x + 75, y  – 100) 

29. MULTIPLE REPRESENTATIONS In this 
problem, you will investigate reflections over a pair of
parallel lines. 

 
a. GEOMETRIC On patty paper, draw and 
a pair of vertical lines  l and m. Reflect in line l  by 
folding the patty paper. Then reflect, , in line 

m. Label the final image . 

b. GEOMETRIC Repeat the process in part a for 

reflected in vertical lines n and p  and 

 reflected in vertical lines q and r. 
c. TABULAR Copy and complete the table below. 

 
d. VERBAL Describe the result of two reflections 
in two vertical lines using one transformation. 

SOLUTION:  
a. 
Step 1: Draw ABC and line l and line m.  
Step 2: Fold the paper on line l.  Sketch the figure 
A'B'C'. 
Step 3: Fold the paper on line m.  Sketch the figure 
A''B''C''. 

 
  
b. 
Draw another triangle DEF and line n and line p  . 
Reflect twice following the steps in part a.  

 
  
Draw another triangle JKL and line q and line r . 
Reflect twice following the steps in part a.  
  

 
  
c. 

   
  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

ANSWER:  
a. 

 
b. 

 

 

c.  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

30. REASONING Determine a rule to find the final 
image of a point that is translated along 

and then . 

SOLUTION:  

Translating along  and then along   is 

same as translating along . Therefore, 

the translation vector is  

ANSWER:  
 

31. CHALLENGE A line y  = mx + b is translated using

the vector . Write the equation of the translated

line. What is the value of the y-intercept? 

SOLUTION:  

The vector  maps the point (x, y) → (x + a, y  +

b).  
  
Step 1: Identify two points on the line y  = mx + b. 

When x = 0, y  = b. When y  = 0, x = . So two 

points on the line y  = mx + b are (0, b) and ( , 
0).  
  
Step 2: Find the location of these points under the 
vector translation .  

(0, b) → (0 + a, b + b) → (a, 2b) 
  

( , 0) → (  + a, 0 + b) → (  + a, b) 
  
Step 3: Use these points to determine the equation 
of the translated line.  
  

 
  
Since the line is translated with its orientation 
unchanged we would expect the slope of the line to 
remain unchanged. Substituting the point (a, 2b) into
the equation  we will find   , the y -
intercept of the translated line.  

 
  
Note that if we had used the second point on the 
translated line, we would have arrived at the same 
value for the new y -intercept. 

 
  
Substituting the value of the new y -intercept into the
equation, we arrive at the equation for the translated
line.  

 
Combine like terms.  

 

ANSWER:  

y = m(x – a) + 2b; 2b – ma 

32. OPEN-ENDED Draw a figure on the coordinate 
plane so that the figure has the same orientation after
it is reflected in the line y  = 1. Explain what must be 
true in order for this to occur. 

SOLUTION:  
Draw figure ABCD with vertices at  A(–4, 8), B (4, 
8), C (4, 4), and D(–, 4). Draw the line y  = 1. 

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

 
In order for the figures ABCD and A'B'C'D' to be the
same, they must match up when you fold the grid in 
half horizontally at the y = 1 line. 

ANSWER:  

 
Sample answer: in order for the figure to be the 
same, it must match up when you fold it in half 
horizontally at the y  = 1 line. 

33. WRITING IN MATH Compare and contrast 
function notation and vector notation for translations. 

SOLUTION:  
Both vector notation and function notation describe 
the distance a figure is translated in the horizontal 
and vertical directions. Vector notation only 
describes the movement. It does not determine the 
beginning and ending locations. Function notation 
does both. It will give the initial point, the distance of 
the horizontal and vertical translation, and the ending 
point. For example, the translation a units to the right 
and b units up from the point (x, y) would be written 

 in vector notation and (x, y) → (x + a, y  + b) 

in function notation. 

ANSWER:  
Sample answer: Both vector notation and function 
notation describe the distance a figure is translated in
the horizontal and vertical directions. Vector notation 
does not give a rule in terms of initial location, but 
function notation does. For example, the translation a 
units to the right and b units up from the point (x, y) 

would be written  in vector notation and (x, y) 

→ (x + a, y  + b) in function notation. 

34. WRITING IN MATH Recall from Lesson 3-1 that
an invariant point maps onto itself. Can invariant 
points occur with translations? Explain why or why 
not. 

SOLUTION:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

ANSWER:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

35. On a grid triangle PQR has vertices P(2, 1), Q(3, –
1), and R(–1, –2) as shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). Find the coordinates of the vertices of triangle 
P'Q'R'. 
  
P' =  
Q' =  
R' =  
  
b. Which point lies in the interior of triangle P'Q'R'? 
A (0, –1) 
B (2, –4) 
C (–2, –4) 
D (–2, 2) 

SOLUTION:  
PQR has vertices P(2, 1), Q(3, –1), and R(–1, –2) as
shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). So the coordinates of the vertices of triangle 
P'Q'R' can be found by subtracting 2 from each x-
coordinate and adding 3 to each y-coordinate. 
  
P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. To find which point lies in the interior of triangle 
P'Q'R', either plot the image triangle on the 
coordinate plane and check, or notice that all of the 
image triangle is in quadrants I and II, and only 
answer choice D (–2, 2) is in either of those 
quadrants. 
  

ANSWER:  
a. P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. D 

36. Which of the following is the image of the line 
 under the translation (x, y) → (
)?  

A  
B  
C  
D  

SOLUTION:  
The translation of   can be 
thought of graphically, as a translation of the line 

 one unit to the left and one unit up. This 
would result in the translation graph seen below. The 
resulting line would be  . The correct 
choice is C. 

 

ANSWER:  
C 

37. Which of the following vectors will translate a point 
with the coordinates (3, –5) up and to the left on a 
coordinate plane? 
  
A  
B  
C  
D  

SOLUTION:  
The coordinates of the point do not matter, if a 
translation vector is to move a point up and to the 

left, the vector must be of the form , where a is
negative and b is positive. 
  
The correct answer is choice C. 

ANSWER:  
C 

38. Given a triangle with vertices A(–7, –1), B(–2, –3) 
and C(2, 4), which of the following represents the 
coordinates of the vertices of the image after a 
translation of the triangle 5 units right and 3 units up? 
  
A A(–4, 4), B(1, 2) and C(5, 9) 
B A(–2, 2), B(3, 0) and C(7, 7) 
C A(–12, 2), B(–7, 0) and C(–3, 7) 
D A(–2, –4), B(3, –6) and C(7, 1) 

SOLUTION:  
To translate A(–7, –1), B(–2, –3) and C(2, 4) five 
units right and three units up, add 5 to each x-
coordinate and add 3 to each y-coordinate.  
  
A(–7, –1), B(–2, –3), C(2, 4) → A(–7 + 5, –1 + 3), B
(–2 + 5, –3 + 3), C(2 + 5, 4 + 3)  
which is equivalent to  A(–2, 2), B(3, 0), C(7, 7).  

ANSWER:  
B 

39. Which of the following statements is true for both the
translation  and the translation 

?  
A   A point and its image have the same y-
coordinate. 
B   Points on the x-axis are mapped to other points 
on the x-axis. 
C   The translation vector is . 
D    A point in Quadrant I is mapped to another point
in Quadrant I. 

SOLUTION:  
Option A cannot be true, as the 
translation   would translate 
each y-coordinate up 2 units.  
Option B cannot be true, as the translation 

 would translate the point (2,0) 
to (2,2), a point no longer on the x-axis.  
Option C cannot be true, as the translation vertex 
for   would be , not . 
Option D is the correct choice as any point with 
positive x and y  coordinates will remain positive with 
either translation. Therefore they will remain in 
Quadrant I. 

ANSWER:  
D 

40. What is the distance between any point and its image
under the translation ? 
Round to the nearest tenth. 

SOLUTION:  
The distance between any point and its image are the
same, under the same translation. Therefore, choose 
any point, find its image under the 
translation  , and then use 
the Distance Formula to find the distance between 
these two points.  
  
Example: The image of point  would be 

.  

 
      

ANSWER:  
7.2 

41. Under which of the following translations does the 
image of rectangle JKLM not overlap rectangle 
JKLM? 

               
A     
B    
C    
D     
E     

SOLUTION:  
For JKLM to not overlap its image, the translation of 
the x-coordinates would have to be either more than 
3 or less than negative 3, since the length of the 
rectangle is 3 units. The only choice for which this is 
true is D.  

ANSWER:  
D 

Copy the figure and the given translation 
vector. Then draw the translation of the figure 
along the translation vector. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point B' by marking off this distance along the line 
through vertex B, starting at B and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points C' and D'. 
Then connect vertices B', C', and D' to form the 
translated image. 
  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point W' by marking off this distance along the line 
through vertex W, starting at W and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect vertices W', X ', Y' and Z' to form 
the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

4. trapezoid JKLM with vertices J(2, 4), K(1, 1), L(5, 1)

and M (4, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(2 + 7, 4 + 1), K’(1 + 7, 1 + 1), L’(5 +
7, 1 + 1) and M ’(4 + 7, 4 + 1). 

 

ANSWER:  

 

5.  with vertices D(–8, 8), F(–10, 4), and G(–7, 

6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are D’(–8 + 5, 8 – 2), F’(–10 + 5, 4 – 2), and
G’(–7 + 5, 6 – 2). 

 

ANSWER:  

 

6. parallelogram WXYZ with vertices W(–6, –5), X(–2, –
5), Y(–1, –8), and Z(–5, –8); 

 

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–6 – 1, –5 + 4), X’(–2 – 1, –5 
+ 4), Y’(–1 – 1, –8 + 4), and Z’(–5 – 1, –8 + 4). 
  

   

ANSWER:  

 

7. VIDEO GAMES The object of the video game 
shown is to manipulate the colored tiles left or right 
as they fall from the top of the screen to completely 
fill each row without leaving empty spaces. If the 
starting position of the tile piece at the top of the 
screen is (x, y), use function notation to describe the 
translation that will fill the indicated row. 

 

SOLUTION:  
There is only one block space for the row to be 
complete. For the object to fit in the place, it should 
be moved 3 places right and 5 places down. So, the 

translation vector should be  

Therefore, the translation is  

ANSWER:  
 

TOOLS  Copy the figure and the given 
translation vector. Then draw the translation of 
the figure along the translation vector. 

8.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point J' by marking off this distance along the line 
through vertex J, starting at J and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect vertices J', K',  L', and M' to form
the translated image. 

 

ANSWER:  

 

9.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point A ' by marking off this distance along the line 
through vertex A , starting at A  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points B' and C'. 
Then connect vertices A ', B', and C' to form the 
translated image. 

 

ANSWER:  

 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
  
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point X ' by marking off this distance along the line 
through vertex X , starting at X  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect vertices X ', Y', and Z' to form the 
translated image. 

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point D' by marking off this distance along the line 
through vertex D, starting at D and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect vertices D', F', G' and H' to form 
the translated image. 

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point V' by marking off this distance along the line 
through vertex V, starting at V and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect vertices V', W', X ', Y' and Z' 
to form the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

14.  with vertices A(1, 6), B(3, 2), and C(4, 

7);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are A’(1 + 4, 6 – 1), B’(3 + 4, 2 – 1), and 
C’(4 + 4, 7 – 1). 

 

ANSWER:  

 

15.  with vertices M (4, –5), N(5, –8), and P(8, –
6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are M ’(4 – 2, –5 + 5), N’(5 – 2, –8 + 5), and 
P’(8 – , –6 + 5). 

 

ANSWER:  

 

16. rectangle QRST with vertices Q(–8, 4), R(–8, 2), S(–
3, 2), and T(–3, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
rectangle are Q’(–8 + 2, 4 + 3), R’(–8 + 2, 2 + 3), 
S’(–3 + 2, 2 + 3), and T’(–3 + 2, 4 + 3). 

 

ANSWER:  

 

17. quadrilateral FGHJ with vertices F(–4, –2), G(–1, –
1), H(0, –4), and J(–3, –6);  

SOLUTION:  
The coordinates of the vertices of the translated 
quadrilateral are F’(–4 – 5, –2 – 2), G’(–1 – 5, –1 – 
2), H’(0 – 5, –4 – 2), and J’(–3 – 5, –6 – 2). 

 

ANSWER:  

 

18.  with vertices W(–3, –1), X(1, –1), Y(2, –4), 

and Z(–2, –4);  

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–3 – 3, –1 + 4), X’(1 – 3, –1 + 
4), Y’(2 – 3, –4 + 4), and Z’(–2 – 3, –4 + 4). 

 

ANSWER:  

 

19. trapezoid JKLM with vertices J(–4, –2), K(–1, –2), L

(0, –5), and M (–5, –5);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(–4 + 6, –2 + 5), K’(–1 + 6, –2 + 5), 
L’(0 + 6, –5 + 5), and M ’(–5 + 6, –5 + 5). 

 

ANSWER:  

 

20. PROBLEM SOLVING Brittany’s neighborhood is 
shown on the grid at the right. 

 
a. If she leaves home and travels 4 blocks north and 
3 blocks east, what is her new location? 
b. Use words to describe two possible translations 
that will take Brittany home from school. 

SOLUTION:  
a. Since the north side is marked upwards, travelling 
4 blocks north and 3 blocks east means moving 4 
blocks up and 3 blocks right. The point 4 blocks up 
and 3 blocks right to the home is the library. 
Therefore, her new location will be the library. 
b. The resultant vector must be . Any 
combination of vectors that form this resultant vector
will be satisfactory. 
  
 She can go west 5 blocks and then south 1 block, or 
she can go south 1 block and then west 5 blocks to 
reach the school. 

ANSWER:  
a. Library 
b. Sample answer: She can go west 5 blocks and 
then south 1 block, or she can go south 1 block and 
then west 5 blocks. 

21. FOOTBALL A wide receiver starts from his 15-
yard line on the right hash mark and runs a route that
takes him 12 yards to the left and down field for a 
gain of 17 yards. Write a translation vector to 
describe the receiver’s route. 

 

SOLUTION:  
The receiver starts on the right hash of the 15-yard 
line and moves 12 yards left and then 17 yards down 
field, or upwards as shown in the diagram.  

 
So, a translation vector that represents the receiver's 

route would be    

ANSWER:  
 

22. MULTI-STEP Each type of chess piece has a rule
for how it can be moved. A knight can move two 
squares horizontally and then one square vertically, 
or two squares vertically and one square 
horizontally. The bishop can only move diagonally. 
When a chess piece moves to a space that is 
occupied by an opponent’s piece, it is attacking that
piece. 

                            
a. What is the maximum number of knights that 
could be placed on an 8 by 8 chessboard so that 
none of the pieces can attack each other? What is 
the maximum number of bishops?  
b. Explain your solution process.  

SOLUTION:  
a-b.  I began by analyzing the movements of a single
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. Therefore,  is the 
maximum number of knight on an 8 by 8 
chessboard so that none can attack each other.  
      The bishops can move diagonally in any 
direction. I began by filling the entire first row of the 
chessboard with bishops. I crossed off all of the 
squares that could no longer be occupied by 
another bishop. From the remaining spaces 
available, you can fit the most bishops along the last 
row. Because the first and last square on the row 
can be attacked by a bishop on the opposite side of
the board, there are only 6 spaces available. So, 14
bishops can occupy a chessboard without being 
able to attack one another. 

 

ANSWER:  
a.  32; 14 
b. I began by analyzing the movements of a single 
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. The bishops can move 
diagonally in any direction. I began by filling the 
entire first row of the chessboard with bishops. I 
crossed off all of the squares that could no longer 
be occupied by another bishop. From the remaining
spaces available, you can fit the most bishops along 
the last row. Because the first and last square on the
row can be attacked by a bishop on the opposite 
side of the board, there are only 6 spaces available. 
So, 14 bishops can occupy a chessboard without 
being able to attack one another. 

Write each translation vector that maps the 
blue preimage to the green image. 

23.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue triangle is at (–2, 4). The top vertex of the green
triangle is at (1, –1), Subtract the coordinates. 
  
1 – (–2) = 3 
–1 – 4 = –5 
  
The triangle has been translated 3 units right and 5 

units down. So, the translation vector is  

ANSWER:  
 

24.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue pentagon is at (2, 0). The top vertex of the green
pentagon is at (–4, 4), Subtract the coordinates. 
  
–4 – (2) = –6 
4 – 0 = 4 
  
The pentagon has been translated 6 units left and 4 

units up. So, the translation vector is  

ANSWER:  
 

25. CONCERTS Dexter’s family buys tickets every 
year for a concert. Last year they were in seats C3, 
C4, C5, and C6. This year, they will be in seats D16, 
D17, D18, and D19. Write a translation in words and 
using vector notation that can be used to describe the
change in their seating. 

 

SOLUTION:  
Pick a seat from the new row and compare it to the 
corresponding seat in the previous row. The seat 
D16 is 13 seats right and 1 row back to C3. 
Therefore, the translation vector can be represented 

as  

ANSWER:  
They move to the right 13 seats and back one row; 

 

SENSE-MAKING Graph the translation of each
function along the given vector. Then write the 
equation of the translated image. 

26.   

 

SOLUTION:  

The translation of translates each point of 

 4 units right and 1 unit up. Thus,  the vertex 
of (0, 0) will translate to (4, 1). (1, 1) translates to (5, 
2) and (–1, 1) translates to (3, 2), etc. 
  

 
The equation for the translated function is y  = (x – 4)
2
 + 1. 

ANSWER:  

 
y = (x – 4)

2
 + 1 

27.   

 

SOLUTION:  

The translation of    translates each point of 

 2 units left. Thus,  the intercept of (0, 0) 
will translate to (–2, 0). (1, –1) translates to (–1, –1) 
and (–1, 1) translates to (–3, 1), etc. 
  

 
The equation of the translated function is y  = –(x + 

2)
3. 

ANSWER:  

 
y = –(x + 2)

3 

28. ROLLER COASTERS The length of the roller 
coaster track from the top of a hill to the bottom of 
the hill is 125 feet at a 53° angle with the vertical. If 
the position at the top of the hill is (x, y), use function 
notation to describe the translation to the bottom of 
the hill. Round to the nearest foot. 

SOLUTION:  
We have a triangle as shown. 

 
Use trigonometric ratios to find the vertical and 
horizontal changes of the coordinates of points from 
A to B. 
  

 

  
The vertex B is 75 ft down and 100 ft left to A. 
Therefore, the translation is (x, y) → (x – 75, y  – 
100). 

ANSWER:  
(x, y) → (x + 75, y  – 100) 

29. MULTIPLE REPRESENTATIONS In this 
problem, you will investigate reflections over a pair of
parallel lines. 

 
a. GEOMETRIC On patty paper, draw and 
a pair of vertical lines  l and m. Reflect in line l  by 
folding the patty paper. Then reflect, , in line 

m. Label the final image . 

b. GEOMETRIC Repeat the process in part a for 

reflected in vertical lines n and p  and 

 reflected in vertical lines q and r. 
c. TABULAR Copy and complete the table below. 

 
d. VERBAL Describe the result of two reflections 
in two vertical lines using one transformation. 

SOLUTION:  
a. 
Step 1: Draw ABC and line l and line m.  
Step 2: Fold the paper on line l.  Sketch the figure 
A'B'C'. 
Step 3: Fold the paper on line m.  Sketch the figure 
A''B''C''. 

 
  
b. 
Draw another triangle DEF and line n and line p  . 
Reflect twice following the steps in part a.  

 
  
Draw another triangle JKL and line q and line r . 
Reflect twice following the steps in part a.  
  

 
  
c. 

   
  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

ANSWER:  
a. 

 
b. 

 

 

c.  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

30. REASONING Determine a rule to find the final 
image of a point that is translated along 

and then . 

SOLUTION:  

Translating along  and then along   is 

same as translating along . Therefore, 

the translation vector is  

ANSWER:  
 

31. CHALLENGE A line y  = mx + b is translated using

the vector . Write the equation of the translated

line. What is the value of the y-intercept? 

SOLUTION:  

The vector  maps the point (x, y) → (x + a, y  +

b).  
  
Step 1: Identify two points on the line y  = mx + b. 

When x = 0, y  = b. When y  = 0, x = . So two 

points on the line y  = mx + b are (0, b) and ( , 
0).  
  
Step 2: Find the location of these points under the 
vector translation .  

(0, b) → (0 + a, b + b) → (a, 2b) 
  

( , 0) → (  + a, 0 + b) → (  + a, b) 
  
Step 3: Use these points to determine the equation 
of the translated line.  
  

 
  
Since the line is translated with its orientation 
unchanged we would expect the slope of the line to 
remain unchanged. Substituting the point (a, 2b) into
the equation  we will find   , the y -
intercept of the translated line.  

 
  
Note that if we had used the second point on the 
translated line, we would have arrived at the same 
value for the new y -intercept. 

 
  
Substituting the value of the new y -intercept into the
equation, we arrive at the equation for the translated
line.  

 
Combine like terms.  

 

ANSWER:  

y = m(x – a) + 2b; 2b – ma 

32. OPEN-ENDED Draw a figure on the coordinate 
plane so that the figure has the same orientation after
it is reflected in the line y  = 1. Explain what must be 
true in order for this to occur. 

SOLUTION:  
Draw figure ABCD with vertices at  A(–4, 8), B (4, 
8), C (4, 4), and D(–, 4). Draw the line y  = 1. 

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

 
In order for the figures ABCD and A'B'C'D' to be the
same, they must match up when you fold the grid in 
half horizontally at the y = 1 line. 

ANSWER:  

 
Sample answer: in order for the figure to be the 
same, it must match up when you fold it in half 
horizontally at the y  = 1 line. 

33. WRITING IN MATH Compare and contrast 
function notation and vector notation for translations. 

SOLUTION:  
Both vector notation and function notation describe 
the distance a figure is translated in the horizontal 
and vertical directions. Vector notation only 
describes the movement. It does not determine the 
beginning and ending locations. Function notation 
does both. It will give the initial point, the distance of 
the horizontal and vertical translation, and the ending 
point. For example, the translation a units to the right 
and b units up from the point (x, y) would be written 

 in vector notation and (x, y) → (x + a, y  + b) 

in function notation. 

ANSWER:  
Sample answer: Both vector notation and function 
notation describe the distance a figure is translated in
the horizontal and vertical directions. Vector notation 
does not give a rule in terms of initial location, but 
function notation does. For example, the translation a 
units to the right and b units up from the point (x, y) 

would be written  in vector notation and (x, y) 

→ (x + a, y  + b) in function notation. 

34. WRITING IN MATH Recall from Lesson 3-1 that
an invariant point maps onto itself. Can invariant 
points occur with translations? Explain why or why 
not. 

SOLUTION:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

ANSWER:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

35. On a grid triangle PQR has vertices P(2, 1), Q(3, –
1), and R(–1, –2) as shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). Find the coordinates of the vertices of triangle 
P'Q'R'. 
  
P' =  
Q' =  
R' =  
  
b. Which point lies in the interior of triangle P'Q'R'? 
A (0, –1) 
B (2, –4) 
C (–2, –4) 
D (–2, 2) 

SOLUTION:  
PQR has vertices P(2, 1), Q(3, –1), and R(–1, –2) as
shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). So the coordinates of the vertices of triangle 
P'Q'R' can be found by subtracting 2 from each x-
coordinate and adding 3 to each y-coordinate. 
  
P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. To find which point lies in the interior of triangle 
P'Q'R', either plot the image triangle on the 
coordinate plane and check, or notice that all of the 
image triangle is in quadrants I and II, and only 
answer choice D (–2, 2) is in either of those 
quadrants. 
  

ANSWER:  
a. P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. D 

36. Which of the following is the image of the line 
 under the translation (x, y) → (
)?  

A  
B  
C  
D  

SOLUTION:  
The translation of   can be 
thought of graphically, as a translation of the line 

 one unit to the left and one unit up. This 
would result in the translation graph seen below. The 
resulting line would be  . The correct 
choice is C. 

 

ANSWER:  
C 

37. Which of the following vectors will translate a point 
with the coordinates (3, –5) up and to the left on a 
coordinate plane? 
  
A  
B  
C  
D  

SOLUTION:  
The coordinates of the point do not matter, if a 
translation vector is to move a point up and to the 

left, the vector must be of the form , where a is
negative and b is positive. 
  
The correct answer is choice C. 

ANSWER:  
C 

38. Given a triangle with vertices A(–7, –1), B(–2, –3) 
and C(2, 4), which of the following represents the 
coordinates of the vertices of the image after a 
translation of the triangle 5 units right and 3 units up? 
  
A A(–4, 4), B(1, 2) and C(5, 9) 
B A(–2, 2), B(3, 0) and C(7, 7) 
C A(–12, 2), B(–7, 0) and C(–3, 7) 
D A(–2, –4), B(3, –6) and C(7, 1) 

SOLUTION:  
To translate A(–7, –1), B(–2, –3) and C(2, 4) five 
units right and three units up, add 5 to each x-
coordinate and add 3 to each y-coordinate.  
  
A(–7, –1), B(–2, –3), C(2, 4) → A(–7 + 5, –1 + 3), B
(–2 + 5, –3 + 3), C(2 + 5, 4 + 3)  
which is equivalent to  A(–2, 2), B(3, 0), C(7, 7).  

ANSWER:  
B 

39. Which of the following statements is true for both the
translation  and the translation 

?  
A   A point and its image have the same y-
coordinate. 
B   Points on the x-axis are mapped to other points 
on the x-axis. 
C   The translation vector is . 
D    A point in Quadrant I is mapped to another point
in Quadrant I. 

SOLUTION:  
Option A cannot be true, as the 
translation   would translate 
each y-coordinate up 2 units.  
Option B cannot be true, as the translation 

 would translate the point (2,0) 
to (2,2), a point no longer on the x-axis.  
Option C cannot be true, as the translation vertex 
for   would be , not . 
Option D is the correct choice as any point with 
positive x and y  coordinates will remain positive with 
either translation. Therefore they will remain in 
Quadrant I. 

ANSWER:  
D 

40. What is the distance between any point and its image
under the translation ? 
Round to the nearest tenth. 

SOLUTION:  
The distance between any point and its image are the
same, under the same translation. Therefore, choose 
any point, find its image under the 
translation  , and then use 
the Distance Formula to find the distance between 
these two points.  
  
Example: The image of point  would be 

.  

 
      

ANSWER:  
7.2 

41. Under which of the following translations does the 
image of rectangle JKLM not overlap rectangle 
JKLM? 

               
A     
B    
C    
D     
E     

SOLUTION:  
For JKLM to not overlap its image, the translation of 
the x-coordinates would have to be either more than 
3 or less than negative 3, since the length of the 
rectangle is 3 units. The only choice for which this is 
true is D.  

ANSWER:  
D 
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3-2 Translations 



Copy the figure and the given translation 
vector. Then draw the translation of the figure 
along the translation vector. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point B' by marking off this distance along the line 
through vertex B, starting at B and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points C' and D'. 
Then connect vertices B', C', and D' to form the 
translated image. 
  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point W' by marking off this distance along the line 
through vertex W, starting at W and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect vertices W', X ', Y' and Z' to form 
the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

4. trapezoid JKLM with vertices J(2, 4), K(1, 1), L(5, 1)

and M (4, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(2 + 7, 4 + 1), K’(1 + 7, 1 + 1), L’(5 +
7, 1 + 1) and M ’(4 + 7, 4 + 1). 

 

ANSWER:  

 

5.  with vertices D(–8, 8), F(–10, 4), and G(–7, 

6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are D’(–8 + 5, 8 – 2), F’(–10 + 5, 4 – 2), and
G’(–7 + 5, 6 – 2). 

 

ANSWER:  

 

6. parallelogram WXYZ with vertices W(–6, –5), X(–2, –
5), Y(–1, –8), and Z(–5, –8); 

 

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–6 – 1, –5 + 4), X’(–2 – 1, –5 
+ 4), Y’(–1 – 1, –8 + 4), and Z’(–5 – 1, –8 + 4). 
  

   

ANSWER:  

 

7. VIDEO GAMES The object of the video game 
shown is to manipulate the colored tiles left or right 
as they fall from the top of the screen to completely 
fill each row without leaving empty spaces. If the 
starting position of the tile piece at the top of the 
screen is (x, y), use function notation to describe the 
translation that will fill the indicated row. 

 

SOLUTION:  
There is only one block space for the row to be 
complete. For the object to fit in the place, it should 
be moved 3 places right and 5 places down. So, the 

translation vector should be  

Therefore, the translation is  

ANSWER:  
 

TOOLS  Copy the figure and the given 
translation vector. Then draw the translation of 
the figure along the translation vector. 

8.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point J' by marking off this distance along the line 
through vertex J, starting at J and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect vertices J', K',  L', and M' to form
the translated image. 

 

ANSWER:  

 

9.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point A ' by marking off this distance along the line 
through vertex A , starting at A  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points B' and C'. 
Then connect vertices A ', B', and C' to form the 
translated image. 

 

ANSWER:  

 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
  
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point X ' by marking off this distance along the line 
through vertex X , starting at X  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect vertices X ', Y', and Z' to form the 
translated image. 

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point D' by marking off this distance along the line 
through vertex D, starting at D and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect vertices D', F', G' and H' to form 
the translated image. 

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point V' by marking off this distance along the line 
through vertex V, starting at V and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect vertices V', W', X ', Y' and Z' 
to form the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

14.  with vertices A(1, 6), B(3, 2), and C(4, 

7);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are A’(1 + 4, 6 – 1), B’(3 + 4, 2 – 1), and 
C’(4 + 4, 7 – 1). 

 

ANSWER:  

 

15.  with vertices M (4, –5), N(5, –8), and P(8, –
6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are M ’(4 – 2, –5 + 5), N’(5 – 2, –8 + 5), and 
P’(8 – , –6 + 5). 

 

ANSWER:  

 

16. rectangle QRST with vertices Q(–8, 4), R(–8, 2), S(–
3, 2), and T(–3, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
rectangle are Q’(–8 + 2, 4 + 3), R’(–8 + 2, 2 + 3), 
S’(–3 + 2, 2 + 3), and T’(–3 + 2, 4 + 3). 

 

ANSWER:  

 

17. quadrilateral FGHJ with vertices F(–4, –2), G(–1, –
1), H(0, –4), and J(–3, –6);  

SOLUTION:  
The coordinates of the vertices of the translated 
quadrilateral are F’(–4 – 5, –2 – 2), G’(–1 – 5, –1 – 
2), H’(0 – 5, –4 – 2), and J’(–3 – 5, –6 – 2). 

 

ANSWER:  

 

18.  with vertices W(–3, –1), X(1, –1), Y(2, –4), 

and Z(–2, –4);  

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–3 – 3, –1 + 4), X’(1 – 3, –1 + 
4), Y’(2 – 3, –4 + 4), and Z’(–2 – 3, –4 + 4). 

 

ANSWER:  

 

19. trapezoid JKLM with vertices J(–4, –2), K(–1, –2), L

(0, –5), and M (–5, –5);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(–4 + 6, –2 + 5), K’(–1 + 6, –2 + 5), 
L’(0 + 6, –5 + 5), and M ’(–5 + 6, –5 + 5). 

 

ANSWER:  

 

20. PROBLEM SOLVING Brittany’s neighborhood is 
shown on the grid at the right. 

 
a. If she leaves home and travels 4 blocks north and 
3 blocks east, what is her new location? 
b. Use words to describe two possible translations 
that will take Brittany home from school. 

SOLUTION:  
a. Since the north side is marked upwards, travelling 
4 blocks north and 3 blocks east means moving 4 
blocks up and 3 blocks right. The point 4 blocks up 
and 3 blocks right to the home is the library. 
Therefore, her new location will be the library. 
b. The resultant vector must be . Any 
combination of vectors that form this resultant vector
will be satisfactory. 
  
 She can go west 5 blocks and then south 1 block, or 
she can go south 1 block and then west 5 blocks to 
reach the school. 

ANSWER:  
a. Library 
b. Sample answer: She can go west 5 blocks and 
then south 1 block, or she can go south 1 block and 
then west 5 blocks. 

21. FOOTBALL A wide receiver starts from his 15-
yard line on the right hash mark and runs a route that
takes him 12 yards to the left and down field for a 
gain of 17 yards. Write a translation vector to 
describe the receiver’s route. 

 

SOLUTION:  
The receiver starts on the right hash of the 15-yard 
line and moves 12 yards left and then 17 yards down 
field, or upwards as shown in the diagram.  

 
So, a translation vector that represents the receiver's 

route would be    

ANSWER:  
 

22. MULTI-STEP Each type of chess piece has a rule
for how it can be moved. A knight can move two 
squares horizontally and then one square vertically, 
or two squares vertically and one square 
horizontally. The bishop can only move diagonally. 
When a chess piece moves to a space that is 
occupied by an opponent’s piece, it is attacking that
piece. 

                            
a. What is the maximum number of knights that 
could be placed on an 8 by 8 chessboard so that 
none of the pieces can attack each other? What is 
the maximum number of bishops?  
b. Explain your solution process.  

SOLUTION:  
a-b.  I began by analyzing the movements of a single
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. Therefore,  is the 
maximum number of knight on an 8 by 8 
chessboard so that none can attack each other.  
      The bishops can move diagonally in any 
direction. I began by filling the entire first row of the 
chessboard with bishops. I crossed off all of the 
squares that could no longer be occupied by 
another bishop. From the remaining spaces 
available, you can fit the most bishops along the last 
row. Because the first and last square on the row 
can be attacked by a bishop on the opposite side of
the board, there are only 6 spaces available. So, 14
bishops can occupy a chessboard without being 
able to attack one another. 

 

ANSWER:  
a.  32; 14 
b. I began by analyzing the movements of a single 
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. The bishops can move 
diagonally in any direction. I began by filling the 
entire first row of the chessboard with bishops. I 
crossed off all of the squares that could no longer 
be occupied by another bishop. From the remaining
spaces available, you can fit the most bishops along 
the last row. Because the first and last square on the
row can be attacked by a bishop on the opposite 
side of the board, there are only 6 spaces available. 
So, 14 bishops can occupy a chessboard without 
being able to attack one another. 

Write each translation vector that maps the 
blue preimage to the green image. 

23.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue triangle is at (–2, 4). The top vertex of the green
triangle is at (1, –1), Subtract the coordinates. 
  
1 – (–2) = 3 
–1 – 4 = –5 
  
The triangle has been translated 3 units right and 5 

units down. So, the translation vector is  

ANSWER:  
 

24.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue pentagon is at (2, 0). The top vertex of the green
pentagon is at (–4, 4), Subtract the coordinates. 
  
–4 – (2) = –6 
4 – 0 = 4 
  
The pentagon has been translated 6 units left and 4 

units up. So, the translation vector is  

ANSWER:  
 

25. CONCERTS Dexter’s family buys tickets every 
year for a concert. Last year they were in seats C3, 
C4, C5, and C6. This year, they will be in seats D16, 
D17, D18, and D19. Write a translation in words and 
using vector notation that can be used to describe the
change in their seating. 

 

SOLUTION:  
Pick a seat from the new row and compare it to the 
corresponding seat in the previous row. The seat 
D16 is 13 seats right and 1 row back to C3. 
Therefore, the translation vector can be represented 

as  

ANSWER:  
They move to the right 13 seats and back one row; 

 

SENSE-MAKING Graph the translation of each
function along the given vector. Then write the 
equation of the translated image. 

26.   

 

SOLUTION:  

The translation of translates each point of 

 4 units right and 1 unit up. Thus,  the vertex 
of (0, 0) will translate to (4, 1). (1, 1) translates to (5, 
2) and (–1, 1) translates to (3, 2), etc. 
  

 
The equation for the translated function is y  = (x – 4)
2
 + 1. 

ANSWER:  

 
y = (x – 4)

2
 + 1 

27.   

 

SOLUTION:  

The translation of    translates each point of 

 2 units left. Thus,  the intercept of (0, 0) 
will translate to (–2, 0). (1, –1) translates to (–1, –1) 
and (–1, 1) translates to (–3, 1), etc. 
  

 
The equation of the translated function is y  = –(x + 

2)
3. 

ANSWER:  

 
y = –(x + 2)

3 

28. ROLLER COASTERS The length of the roller 
coaster track from the top of a hill to the bottom of 
the hill is 125 feet at a 53° angle with the vertical. If 
the position at the top of the hill is (x, y), use function 
notation to describe the translation to the bottom of 
the hill. Round to the nearest foot. 

SOLUTION:  
We have a triangle as shown. 

 
Use trigonometric ratios to find the vertical and 
horizontal changes of the coordinates of points from 
A to B. 
  

 

  
The vertex B is 75 ft down and 100 ft left to A. 
Therefore, the translation is (x, y) → (x – 75, y  – 
100). 

ANSWER:  
(x, y) → (x + 75, y  – 100) 

29. MULTIPLE REPRESENTATIONS In this 
problem, you will investigate reflections over a pair of
parallel lines. 

 
a. GEOMETRIC On patty paper, draw and 
a pair of vertical lines  l and m. Reflect in line l  by 
folding the patty paper. Then reflect, , in line 

m. Label the final image . 

b. GEOMETRIC Repeat the process in part a for 

reflected in vertical lines n and p  and 

 reflected in vertical lines q and r. 
c. TABULAR Copy and complete the table below. 

 
d. VERBAL Describe the result of two reflections 
in two vertical lines using one transformation. 

SOLUTION:  
a. 
Step 1: Draw ABC and line l and line m.  
Step 2: Fold the paper on line l.  Sketch the figure 
A'B'C'. 
Step 3: Fold the paper on line m.  Sketch the figure 
A''B''C''. 

 
  
b. 
Draw another triangle DEF and line n and line p  . 
Reflect twice following the steps in part a.  

 
  
Draw another triangle JKL and line q and line r . 
Reflect twice following the steps in part a.  
  

 
  
c. 

   
  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

ANSWER:  
a. 

 
b. 

 

 

c.  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

30. REASONING Determine a rule to find the final 
image of a point that is translated along 

and then . 

SOLUTION:  

Translating along  and then along   is 

same as translating along . Therefore, 

the translation vector is  

ANSWER:  
 

31. CHALLENGE A line y  = mx + b is translated using

the vector . Write the equation of the translated

line. What is the value of the y-intercept? 

SOLUTION:  

The vector  maps the point (x, y) → (x + a, y  +

b).  
  
Step 1: Identify two points on the line y  = mx + b. 

When x = 0, y  = b. When y  = 0, x = . So two 

points on the line y  = mx + b are (0, b) and ( , 
0).  
  
Step 2: Find the location of these points under the 
vector translation .  

(0, b) → (0 + a, b + b) → (a, 2b) 
  

( , 0) → (  + a, 0 + b) → (  + a, b) 
  
Step 3: Use these points to determine the equation 
of the translated line.  
  

 
  
Since the line is translated with its orientation 
unchanged we would expect the slope of the line to 
remain unchanged. Substituting the point (a, 2b) into
the equation  we will find   , the y -
intercept of the translated line.  

 
  
Note that if we had used the second point on the 
translated line, we would have arrived at the same 
value for the new y -intercept. 

 
  
Substituting the value of the new y -intercept into the
equation, we arrive at the equation for the translated
line.  

 
Combine like terms.  

 

ANSWER:  

y = m(x – a) + 2b; 2b – ma 

32. OPEN-ENDED Draw a figure on the coordinate 
plane so that the figure has the same orientation after
it is reflected in the line y  = 1. Explain what must be 
true in order for this to occur. 

SOLUTION:  
Draw figure ABCD with vertices at  A(–4, 8), B (4, 
8), C (4, 4), and D(–, 4). Draw the line y  = 1. 

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

 
In order for the figures ABCD and A'B'C'D' to be the
same, they must match up when you fold the grid in 
half horizontally at the y = 1 line. 

ANSWER:  

 
Sample answer: in order for the figure to be the 
same, it must match up when you fold it in half 
horizontally at the y  = 1 line. 

33. WRITING IN MATH Compare and contrast 
function notation and vector notation for translations. 

SOLUTION:  
Both vector notation and function notation describe 
the distance a figure is translated in the horizontal 
and vertical directions. Vector notation only 
describes the movement. It does not determine the 
beginning and ending locations. Function notation 
does both. It will give the initial point, the distance of 
the horizontal and vertical translation, and the ending 
point. For example, the translation a units to the right 
and b units up from the point (x, y) would be written 

 in vector notation and (x, y) → (x + a, y  + b) 

in function notation. 

ANSWER:  
Sample answer: Both vector notation and function 
notation describe the distance a figure is translated in
the horizontal and vertical directions. Vector notation 
does not give a rule in terms of initial location, but 
function notation does. For example, the translation a 
units to the right and b units up from the point (x, y) 

would be written  in vector notation and (x, y) 

→ (x + a, y  + b) in function notation. 

34. WRITING IN MATH Recall from Lesson 3-1 that
an invariant point maps onto itself. Can invariant 
points occur with translations? Explain why or why 
not. 

SOLUTION:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

ANSWER:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

35. On a grid triangle PQR has vertices P(2, 1), Q(3, –
1), and R(–1, –2) as shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). Find the coordinates of the vertices of triangle 
P'Q'R'. 
  
P' =  
Q' =  
R' =  
  
b. Which point lies in the interior of triangle P'Q'R'? 
A (0, –1) 
B (2, –4) 
C (–2, –4) 
D (–2, 2) 

SOLUTION:  
PQR has vertices P(2, 1), Q(3, –1), and R(–1, –2) as
shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). So the coordinates of the vertices of triangle 
P'Q'R' can be found by subtracting 2 from each x-
coordinate and adding 3 to each y-coordinate. 
  
P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. To find which point lies in the interior of triangle 
P'Q'R', either plot the image triangle on the 
coordinate plane and check, or notice that all of the 
image triangle is in quadrants I and II, and only 
answer choice D (–2, 2) is in either of those 
quadrants. 
  

ANSWER:  
a. P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. D 

36. Which of the following is the image of the line 
 under the translation (x, y) → (
)?  

A  
B  
C  
D  

SOLUTION:  
The translation of   can be 
thought of graphically, as a translation of the line 

 one unit to the left and one unit up. This 
would result in the translation graph seen below. The 
resulting line would be  . The correct 
choice is C. 

 

ANSWER:  
C 

37. Which of the following vectors will translate a point 
with the coordinates (3, –5) up and to the left on a 
coordinate plane? 
  
A  
B  
C  
D  

SOLUTION:  
The coordinates of the point do not matter, if a 
translation vector is to move a point up and to the 

left, the vector must be of the form , where a is
negative and b is positive. 
  
The correct answer is choice C. 

ANSWER:  
C 

38. Given a triangle with vertices A(–7, –1), B(–2, –3) 
and C(2, 4), which of the following represents the 
coordinates of the vertices of the image after a 
translation of the triangle 5 units right and 3 units up? 
  
A A(–4, 4), B(1, 2) and C(5, 9) 
B A(–2, 2), B(3, 0) and C(7, 7) 
C A(–12, 2), B(–7, 0) and C(–3, 7) 
D A(–2, –4), B(3, –6) and C(7, 1) 

SOLUTION:  
To translate A(–7, –1), B(–2, –3) and C(2, 4) five 
units right and three units up, add 5 to each x-
coordinate and add 3 to each y-coordinate.  
  
A(–7, –1), B(–2, –3), C(2, 4) → A(–7 + 5, –1 + 3), B
(–2 + 5, –3 + 3), C(2 + 5, 4 + 3)  
which is equivalent to  A(–2, 2), B(3, 0), C(7, 7).  

ANSWER:  
B 

39. Which of the following statements is true for both the
translation  and the translation 

?  
A   A point and its image have the same y-
coordinate. 
B   Points on the x-axis are mapped to other points 
on the x-axis. 
C   The translation vector is . 
D    A point in Quadrant I is mapped to another point
in Quadrant I. 

SOLUTION:  
Option A cannot be true, as the 
translation   would translate 
each y-coordinate up 2 units.  
Option B cannot be true, as the translation 

 would translate the point (2,0) 
to (2,2), a point no longer on the x-axis.  
Option C cannot be true, as the translation vertex 
for   would be , not . 
Option D is the correct choice as any point with 
positive x and y  coordinates will remain positive with 
either translation. Therefore they will remain in 
Quadrant I. 

ANSWER:  
D 

40. What is the distance between any point and its image
under the translation ? 
Round to the nearest tenth. 

SOLUTION:  
The distance between any point and its image are the
same, under the same translation. Therefore, choose 
any point, find its image under the 
translation  , and then use 
the Distance Formula to find the distance between 
these two points.  
  
Example: The image of point  would be 

.  

 
      

ANSWER:  
7.2 

41. Under which of the following translations does the 
image of rectangle JKLM not overlap rectangle 
JKLM? 

               
A     
B    
C    
D     
E     

SOLUTION:  
For JKLM to not overlap its image, the translation of 
the x-coordinates would have to be either more than 
3 or less than negative 3, since the length of the 
rectangle is 3 units. The only choice for which this is 
true is D.  

ANSWER:  
D 

Copy the figure and the given translation 
vector. Then draw the translation of the figure 
along the translation vector. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point B' by marking off this distance along the line 
through vertex B, starting at B and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points C' and D'. 
Then connect vertices B', C', and D' to form the 
translated image. 
  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point W' by marking off this distance along the line 
through vertex W, starting at W and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect vertices W', X ', Y' and Z' to form 
the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

4. trapezoid JKLM with vertices J(2, 4), K(1, 1), L(5, 1)

and M (4, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(2 + 7, 4 + 1), K’(1 + 7, 1 + 1), L’(5 +
7, 1 + 1) and M ’(4 + 7, 4 + 1). 

 

ANSWER:  

 

5.  with vertices D(–8, 8), F(–10, 4), and G(–7, 

6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are D’(–8 + 5, 8 – 2), F’(–10 + 5, 4 – 2), and
G’(–7 + 5, 6 – 2). 

 

ANSWER:  

 

6. parallelogram WXYZ with vertices W(–6, –5), X(–2, –
5), Y(–1, –8), and Z(–5, –8); 

 

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–6 – 1, –5 + 4), X’(–2 – 1, –5 
+ 4), Y’(–1 – 1, –8 + 4), and Z’(–5 – 1, –8 + 4). 
  

   

ANSWER:  

 

7. VIDEO GAMES The object of the video game 
shown is to manipulate the colored tiles left or right 
as they fall from the top of the screen to completely 
fill each row without leaving empty spaces. If the 
starting position of the tile piece at the top of the 
screen is (x, y), use function notation to describe the 
translation that will fill the indicated row. 

 

SOLUTION:  
There is only one block space for the row to be 
complete. For the object to fit in the place, it should 
be moved 3 places right and 5 places down. So, the 

translation vector should be  

Therefore, the translation is  

ANSWER:  
 

TOOLS  Copy the figure and the given 
translation vector. Then draw the translation of 
the figure along the translation vector. 

8.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point J' by marking off this distance along the line 
through vertex J, starting at J and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect vertices J', K',  L', and M' to form
the translated image. 

 

ANSWER:  

 

9.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point A ' by marking off this distance along the line 
through vertex A , starting at A  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points B' and C'. 
Then connect vertices A ', B', and C' to form the 
translated image. 

 

ANSWER:  

 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
  
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point X ' by marking off this distance along the line 
through vertex X , starting at X  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect vertices X ', Y', and Z' to form the 
translated image. 

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point D' by marking off this distance along the line 
through vertex D, starting at D and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect vertices D', F', G' and H' to form 
the translated image. 

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point V' by marking off this distance along the line 
through vertex V, starting at V and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect vertices V', W', X ', Y' and Z' 
to form the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

14.  with vertices A(1, 6), B(3, 2), and C(4, 

7);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are A’(1 + 4, 6 – 1), B’(3 + 4, 2 – 1), and 
C’(4 + 4, 7 – 1). 

 

ANSWER:  

 

15.  with vertices M (4, –5), N(5, –8), and P(8, –
6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are M ’(4 – 2, –5 + 5), N’(5 – 2, –8 + 5), and 
P’(8 – , –6 + 5). 

 

ANSWER:  

 

16. rectangle QRST with vertices Q(–8, 4), R(–8, 2), S(–
3, 2), and T(–3, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
rectangle are Q’(–8 + 2, 4 + 3), R’(–8 + 2, 2 + 3), 
S’(–3 + 2, 2 + 3), and T’(–3 + 2, 4 + 3). 

 

ANSWER:  

 

17. quadrilateral FGHJ with vertices F(–4, –2), G(–1, –
1), H(0, –4), and J(–3, –6);  

SOLUTION:  
The coordinates of the vertices of the translated 
quadrilateral are F’(–4 – 5, –2 – 2), G’(–1 – 5, –1 – 
2), H’(0 – 5, –4 – 2), and J’(–3 – 5, –6 – 2). 

 

ANSWER:  

 

18.  with vertices W(–3, –1), X(1, –1), Y(2, –4), 

and Z(–2, –4);  

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–3 – 3, –1 + 4), X’(1 – 3, –1 + 
4), Y’(2 – 3, –4 + 4), and Z’(–2 – 3, –4 + 4). 

 

ANSWER:  

 

19. trapezoid JKLM with vertices J(–4, –2), K(–1, –2), L

(0, –5), and M (–5, –5);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(–4 + 6, –2 + 5), K’(–1 + 6, –2 + 5), 
L’(0 + 6, –5 + 5), and M ’(–5 + 6, –5 + 5). 

 

ANSWER:  

 

20. PROBLEM SOLVING Brittany’s neighborhood is 
shown on the grid at the right. 

 
a. If she leaves home and travels 4 blocks north and 
3 blocks east, what is her new location? 
b. Use words to describe two possible translations 
that will take Brittany home from school. 

SOLUTION:  
a. Since the north side is marked upwards, travelling 
4 blocks north and 3 blocks east means moving 4 
blocks up and 3 blocks right. The point 4 blocks up 
and 3 blocks right to the home is the library. 
Therefore, her new location will be the library. 
b. The resultant vector must be . Any 
combination of vectors that form this resultant vector
will be satisfactory. 
  
 She can go west 5 blocks and then south 1 block, or 
she can go south 1 block and then west 5 blocks to 
reach the school. 

ANSWER:  
a. Library 
b. Sample answer: She can go west 5 blocks and 
then south 1 block, or she can go south 1 block and 
then west 5 blocks. 

21. FOOTBALL A wide receiver starts from his 15-
yard line on the right hash mark and runs a route that
takes him 12 yards to the left and down field for a 
gain of 17 yards. Write a translation vector to 
describe the receiver’s route. 

 

SOLUTION:  
The receiver starts on the right hash of the 15-yard 
line and moves 12 yards left and then 17 yards down 
field, or upwards as shown in the diagram.  

 
So, a translation vector that represents the receiver's 

route would be    

ANSWER:  
 

22. MULTI-STEP Each type of chess piece has a rule
for how it can be moved. A knight can move two 
squares horizontally and then one square vertically, 
or two squares vertically and one square 
horizontally. The bishop can only move diagonally. 
When a chess piece moves to a space that is 
occupied by an opponent’s piece, it is attacking that
piece. 

                            
a. What is the maximum number of knights that 
could be placed on an 8 by 8 chessboard so that 
none of the pieces can attack each other? What is 
the maximum number of bishops?  
b. Explain your solution process.  

SOLUTION:  
a-b.  I began by analyzing the movements of a single
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. Therefore,  is the 
maximum number of knight on an 8 by 8 
chessboard so that none can attack each other.  
      The bishops can move diagonally in any 
direction. I began by filling the entire first row of the 
chessboard with bishops. I crossed off all of the 
squares that could no longer be occupied by 
another bishop. From the remaining spaces 
available, you can fit the most bishops along the last 
row. Because the first and last square on the row 
can be attacked by a bishop on the opposite side of
the board, there are only 6 spaces available. So, 14
bishops can occupy a chessboard without being 
able to attack one another. 

 

ANSWER:  
a.  32; 14 
b. I began by analyzing the movements of a single 
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. The bishops can move 
diagonally in any direction. I began by filling the 
entire first row of the chessboard with bishops. I 
crossed off all of the squares that could no longer 
be occupied by another bishop. From the remaining
spaces available, you can fit the most bishops along 
the last row. Because the first and last square on the
row can be attacked by a bishop on the opposite 
side of the board, there are only 6 spaces available. 
So, 14 bishops can occupy a chessboard without 
being able to attack one another. 

Write each translation vector that maps the 
blue preimage to the green image. 

23.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue triangle is at (–2, 4). The top vertex of the green
triangle is at (1, –1), Subtract the coordinates. 
  
1 – (–2) = 3 
–1 – 4 = –5 
  
The triangle has been translated 3 units right and 5 

units down. So, the translation vector is  

ANSWER:  
 

24.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue pentagon is at (2, 0). The top vertex of the green
pentagon is at (–4, 4), Subtract the coordinates. 
  
–4 – (2) = –6 
4 – 0 = 4 
  
The pentagon has been translated 6 units left and 4 

units up. So, the translation vector is  

ANSWER:  
 

25. CONCERTS Dexter’s family buys tickets every 
year for a concert. Last year they were in seats C3, 
C4, C5, and C6. This year, they will be in seats D16, 
D17, D18, and D19. Write a translation in words and 
using vector notation that can be used to describe the
change in their seating. 

 

SOLUTION:  
Pick a seat from the new row and compare it to the 
corresponding seat in the previous row. The seat 
D16 is 13 seats right and 1 row back to C3. 
Therefore, the translation vector can be represented 

as  

ANSWER:  
They move to the right 13 seats and back one row; 

 

SENSE-MAKING Graph the translation of each
function along the given vector. Then write the 
equation of the translated image. 

26.   

 

SOLUTION:  

The translation of translates each point of 

 4 units right and 1 unit up. Thus,  the vertex 
of (0, 0) will translate to (4, 1). (1, 1) translates to (5, 
2) and (–1, 1) translates to (3, 2), etc. 
  

 
The equation for the translated function is y  = (x – 4)
2
 + 1. 

ANSWER:  

 
y = (x – 4)

2
 + 1 

27.   

 

SOLUTION:  

The translation of    translates each point of 

 2 units left. Thus,  the intercept of (0, 0) 
will translate to (–2, 0). (1, –1) translates to (–1, –1) 
and (–1, 1) translates to (–3, 1), etc. 
  

 
The equation of the translated function is y  = –(x + 

2)
3. 

ANSWER:  

 
y = –(x + 2)

3 

28. ROLLER COASTERS The length of the roller 
coaster track from the top of a hill to the bottom of 
the hill is 125 feet at a 53° angle with the vertical. If 
the position at the top of the hill is (x, y), use function 
notation to describe the translation to the bottom of 
the hill. Round to the nearest foot. 

SOLUTION:  
We have a triangle as shown. 

 
Use trigonometric ratios to find the vertical and 
horizontal changes of the coordinates of points from 
A to B. 
  

 

  
The vertex B is 75 ft down and 100 ft left to A. 
Therefore, the translation is (x, y) → (x – 75, y  – 
100). 

ANSWER:  
(x, y) → (x + 75, y  – 100) 

29. MULTIPLE REPRESENTATIONS In this 
problem, you will investigate reflections over a pair of
parallel lines. 

 
a. GEOMETRIC On patty paper, draw and 
a pair of vertical lines  l and m. Reflect in line l  by 
folding the patty paper. Then reflect, , in line 

m. Label the final image . 

b. GEOMETRIC Repeat the process in part a for 

reflected in vertical lines n and p  and 

 reflected in vertical lines q and r. 
c. TABULAR Copy and complete the table below. 

 
d. VERBAL Describe the result of two reflections 
in two vertical lines using one transformation. 

SOLUTION:  
a. 
Step 1: Draw ABC and line l and line m.  
Step 2: Fold the paper on line l.  Sketch the figure 
A'B'C'. 
Step 3: Fold the paper on line m.  Sketch the figure 
A''B''C''. 

 
  
b. 
Draw another triangle DEF and line n and line p  . 
Reflect twice following the steps in part a.  

 
  
Draw another triangle JKL and line q and line r . 
Reflect twice following the steps in part a.  
  

 
  
c. 

   
  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

ANSWER:  
a. 

 
b. 

 

 

c.  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

30. REASONING Determine a rule to find the final 
image of a point that is translated along 

and then . 

SOLUTION:  

Translating along  and then along   is 

same as translating along . Therefore, 

the translation vector is  

ANSWER:  
 

31. CHALLENGE A line y  = mx + b is translated using

the vector . Write the equation of the translated

line. What is the value of the y-intercept? 

SOLUTION:  

The vector  maps the point (x, y) → (x + a, y  +

b).  
  
Step 1: Identify two points on the line y  = mx + b. 

When x = 0, y  = b. When y  = 0, x = . So two 

points on the line y  = mx + b are (0, b) and ( , 
0).  
  
Step 2: Find the location of these points under the 
vector translation .  

(0, b) → (0 + a, b + b) → (a, 2b) 
  

( , 0) → (  + a, 0 + b) → (  + a, b) 
  
Step 3: Use these points to determine the equation 
of the translated line.  
  

 
  
Since the line is translated with its orientation 
unchanged we would expect the slope of the line to 
remain unchanged. Substituting the point (a, 2b) into
the equation  we will find   , the y -
intercept of the translated line.  

 
  
Note that if we had used the second point on the 
translated line, we would have arrived at the same 
value for the new y -intercept. 

 
  
Substituting the value of the new y -intercept into the
equation, we arrive at the equation for the translated
line.  

 
Combine like terms.  

 

ANSWER:  

y = m(x – a) + 2b; 2b – ma 

32. OPEN-ENDED Draw a figure on the coordinate 
plane so that the figure has the same orientation after
it is reflected in the line y  = 1. Explain what must be 
true in order for this to occur. 

SOLUTION:  
Draw figure ABCD with vertices at  A(–4, 8), B (4, 
8), C (4, 4), and D(–, 4). Draw the line y  = 1. 

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

 
In order for the figures ABCD and A'B'C'D' to be the
same, they must match up when you fold the grid in 
half horizontally at the y = 1 line. 

ANSWER:  

 
Sample answer: in order for the figure to be the 
same, it must match up when you fold it in half 
horizontally at the y  = 1 line. 

33. WRITING IN MATH Compare and contrast 
function notation and vector notation for translations. 

SOLUTION:  
Both vector notation and function notation describe 
the distance a figure is translated in the horizontal 
and vertical directions. Vector notation only 
describes the movement. It does not determine the 
beginning and ending locations. Function notation 
does both. It will give the initial point, the distance of 
the horizontal and vertical translation, and the ending 
point. For example, the translation a units to the right 
and b units up from the point (x, y) would be written 

 in vector notation and (x, y) → (x + a, y  + b) 

in function notation. 

ANSWER:  
Sample answer: Both vector notation and function 
notation describe the distance a figure is translated in
the horizontal and vertical directions. Vector notation 
does not give a rule in terms of initial location, but 
function notation does. For example, the translation a 
units to the right and b units up from the point (x, y) 

would be written  in vector notation and (x, y) 

→ (x + a, y  + b) in function notation. 

34. WRITING IN MATH Recall from Lesson 3-1 that
an invariant point maps onto itself. Can invariant 
points occur with translations? Explain why or why 
not. 

SOLUTION:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

ANSWER:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

35. On a grid triangle PQR has vertices P(2, 1), Q(3, –
1), and R(–1, –2) as shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). Find the coordinates of the vertices of triangle 
P'Q'R'. 
  
P' =  
Q' =  
R' =  
  
b. Which point lies in the interior of triangle P'Q'R'? 
A (0, –1) 
B (2, –4) 
C (–2, –4) 
D (–2, 2) 

SOLUTION:  
PQR has vertices P(2, 1), Q(3, –1), and R(–1, –2) as
shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). So the coordinates of the vertices of triangle 
P'Q'R' can be found by subtracting 2 from each x-
coordinate and adding 3 to each y-coordinate. 
  
P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. To find which point lies in the interior of triangle 
P'Q'R', either plot the image triangle on the 
coordinate plane and check, or notice that all of the 
image triangle is in quadrants I and II, and only 
answer choice D (–2, 2) is in either of those 
quadrants. 
  

ANSWER:  
a. P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. D 

36. Which of the following is the image of the line 
 under the translation (x, y) → (
)?  

A  
B  
C  
D  

SOLUTION:  
The translation of   can be 
thought of graphically, as a translation of the line 

 one unit to the left and one unit up. This 
would result in the translation graph seen below. The 
resulting line would be  . The correct 
choice is C. 

 

ANSWER:  
C 

37. Which of the following vectors will translate a point 
with the coordinates (3, –5) up and to the left on a 
coordinate plane? 
  
A  
B  
C  
D  

SOLUTION:  
The coordinates of the point do not matter, if a 
translation vector is to move a point up and to the 

left, the vector must be of the form , where a is
negative and b is positive. 
  
The correct answer is choice C. 

ANSWER:  
C 

38. Given a triangle with vertices A(–7, –1), B(–2, –3) 
and C(2, 4), which of the following represents the 
coordinates of the vertices of the image after a 
translation of the triangle 5 units right and 3 units up? 
  
A A(–4, 4), B(1, 2) and C(5, 9) 
B A(–2, 2), B(3, 0) and C(7, 7) 
C A(–12, 2), B(–7, 0) and C(–3, 7) 
D A(–2, –4), B(3, –6) and C(7, 1) 

SOLUTION:  
To translate A(–7, –1), B(–2, –3) and C(2, 4) five 
units right and three units up, add 5 to each x-
coordinate and add 3 to each y-coordinate.  
  
A(–7, –1), B(–2, –3), C(2, 4) → A(–7 + 5, –1 + 3), B
(–2 + 5, –3 + 3), C(2 + 5, 4 + 3)  
which is equivalent to  A(–2, 2), B(3, 0), C(7, 7).  

ANSWER:  
B 

39. Which of the following statements is true for both the
translation  and the translation 

?  
A   A point and its image have the same y-
coordinate. 
B   Points on the x-axis are mapped to other points 
on the x-axis. 
C   The translation vector is . 
D    A point in Quadrant I is mapped to another point
in Quadrant I. 

SOLUTION:  
Option A cannot be true, as the 
translation   would translate 
each y-coordinate up 2 units.  
Option B cannot be true, as the translation 

 would translate the point (2,0) 
to (2,2), a point no longer on the x-axis.  
Option C cannot be true, as the translation vertex 
for   would be , not . 
Option D is the correct choice as any point with 
positive x and y  coordinates will remain positive with 
either translation. Therefore they will remain in 
Quadrant I. 

ANSWER:  
D 

40. What is the distance between any point and its image
under the translation ? 
Round to the nearest tenth. 

SOLUTION:  
The distance between any point and its image are the
same, under the same translation. Therefore, choose 
any point, find its image under the 
translation  , and then use 
the Distance Formula to find the distance between 
these two points.  
  
Example: The image of point  would be 

.  

 
      

ANSWER:  
7.2 

41. Under which of the following translations does the 
image of rectangle JKLM not overlap rectangle 
JKLM? 

               
A     
B    
C    
D     
E     

SOLUTION:  
For JKLM to not overlap its image, the translation of 
the x-coordinates would have to be either more than 
3 or less than negative 3, since the length of the 
rectangle is 3 units. The only choice for which this is 
true is D.  

ANSWER:  
D 
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3-2 Translations 



Copy the figure and the given translation 
vector. Then draw the translation of the figure 
along the translation vector. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point B' by marking off this distance along the line 
through vertex B, starting at B and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points C' and D'. 
Then connect vertices B', C', and D' to form the 
translated image. 
  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point W' by marking off this distance along the line 
through vertex W, starting at W and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect vertices W', X ', Y' and Z' to form 
the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

4. trapezoid JKLM with vertices J(2, 4), K(1, 1), L(5, 1)

and M (4, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(2 + 7, 4 + 1), K’(1 + 7, 1 + 1), L’(5 +
7, 1 + 1) and M ’(4 + 7, 4 + 1). 

 

ANSWER:  

 

5.  with vertices D(–8, 8), F(–10, 4), and G(–7, 

6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are D’(–8 + 5, 8 – 2), F’(–10 + 5, 4 – 2), and
G’(–7 + 5, 6 – 2). 

 

ANSWER:  

 

6. parallelogram WXYZ with vertices W(–6, –5), X(–2, –
5), Y(–1, –8), and Z(–5, –8); 

 

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–6 – 1, –5 + 4), X’(–2 – 1, –5 
+ 4), Y’(–1 – 1, –8 + 4), and Z’(–5 – 1, –8 + 4). 
  

   

ANSWER:  

 

7. VIDEO GAMES The object of the video game 
shown is to manipulate the colored tiles left or right 
as they fall from the top of the screen to completely 
fill each row without leaving empty spaces. If the 
starting position of the tile piece at the top of the 
screen is (x, y), use function notation to describe the 
translation that will fill the indicated row. 

 

SOLUTION:  
There is only one block space for the row to be 
complete. For the object to fit in the place, it should 
be moved 3 places right and 5 places down. So, the 

translation vector should be  

Therefore, the translation is  

ANSWER:  
 

TOOLS  Copy the figure and the given 
translation vector. Then draw the translation of 
the figure along the translation vector. 

8.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point J' by marking off this distance along the line 
through vertex J, starting at J and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect vertices J', K',  L', and M' to form
the translated image. 

 

ANSWER:  

 

9.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point A ' by marking off this distance along the line 
through vertex A , starting at A  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points B' and C'. 
Then connect vertices A ', B', and C' to form the 
translated image. 

 

ANSWER:  

 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
  
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point X ' by marking off this distance along the line 
through vertex X , starting at X  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect vertices X ', Y', and Z' to form the 
translated image. 

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point D' by marking off this distance along the line 
through vertex D, starting at D and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect vertices D', F', G' and H' to form 
the translated image. 

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point V' by marking off this distance along the line 
through vertex V, starting at V and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect vertices V', W', X ', Y' and Z' 
to form the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

14.  with vertices A(1, 6), B(3, 2), and C(4, 

7);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are A’(1 + 4, 6 – 1), B’(3 + 4, 2 – 1), and 
C’(4 + 4, 7 – 1). 

 

ANSWER:  

 

15.  with vertices M (4, –5), N(5, –8), and P(8, –
6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are M ’(4 – 2, –5 + 5), N’(5 – 2, –8 + 5), and 
P’(8 – , –6 + 5). 

 

ANSWER:  

 

16. rectangle QRST with vertices Q(–8, 4), R(–8, 2), S(–
3, 2), and T(–3, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
rectangle are Q’(–8 + 2, 4 + 3), R’(–8 + 2, 2 + 3), 
S’(–3 + 2, 2 + 3), and T’(–3 + 2, 4 + 3). 

 

ANSWER:  

 

17. quadrilateral FGHJ with vertices F(–4, –2), G(–1, –
1), H(0, –4), and J(–3, –6);  

SOLUTION:  
The coordinates of the vertices of the translated 
quadrilateral are F’(–4 – 5, –2 – 2), G’(–1 – 5, –1 – 
2), H’(0 – 5, –4 – 2), and J’(–3 – 5, –6 – 2). 

 

ANSWER:  

 

18.  with vertices W(–3, –1), X(1, –1), Y(2, –4), 

and Z(–2, –4);  

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–3 – 3, –1 + 4), X’(1 – 3, –1 + 
4), Y’(2 – 3, –4 + 4), and Z’(–2 – 3, –4 + 4). 

 

ANSWER:  

 

19. trapezoid JKLM with vertices J(–4, –2), K(–1, –2), L

(0, –5), and M (–5, –5);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(–4 + 6, –2 + 5), K’(–1 + 6, –2 + 5), 
L’(0 + 6, –5 + 5), and M ’(–5 + 6, –5 + 5). 

 

ANSWER:  

 

20. PROBLEM SOLVING Brittany’s neighborhood is 
shown on the grid at the right. 

 
a. If she leaves home and travels 4 blocks north and 
3 blocks east, what is her new location? 
b. Use words to describe two possible translations 
that will take Brittany home from school. 

SOLUTION:  
a. Since the north side is marked upwards, travelling 
4 blocks north and 3 blocks east means moving 4 
blocks up and 3 blocks right. The point 4 blocks up 
and 3 blocks right to the home is the library. 
Therefore, her new location will be the library. 
b. The resultant vector must be . Any 
combination of vectors that form this resultant vector
will be satisfactory. 
  
 She can go west 5 blocks and then south 1 block, or 
she can go south 1 block and then west 5 blocks to 
reach the school. 

ANSWER:  
a. Library 
b. Sample answer: She can go west 5 blocks and 
then south 1 block, or she can go south 1 block and 
then west 5 blocks. 

21. FOOTBALL A wide receiver starts from his 15-
yard line on the right hash mark and runs a route that
takes him 12 yards to the left and down field for a 
gain of 17 yards. Write a translation vector to 
describe the receiver’s route. 

 

SOLUTION:  
The receiver starts on the right hash of the 15-yard 
line and moves 12 yards left and then 17 yards down 
field, or upwards as shown in the diagram.  

 
So, a translation vector that represents the receiver's 

route would be    

ANSWER:  
 

22. MULTI-STEP Each type of chess piece has a rule
for how it can be moved. A knight can move two 
squares horizontally and then one square vertically, 
or two squares vertically and one square 
horizontally. The bishop can only move diagonally. 
When a chess piece moves to a space that is 
occupied by an opponent’s piece, it is attacking that
piece. 

                            
a. What is the maximum number of knights that 
could be placed on an 8 by 8 chessboard so that 
none of the pieces can attack each other? What is 
the maximum number of bishops?  
b. Explain your solution process.  

SOLUTION:  
a-b.  I began by analyzing the movements of a single
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. Therefore,  is the 
maximum number of knight on an 8 by 8 
chessboard so that none can attack each other.  
      The bishops can move diagonally in any 
direction. I began by filling the entire first row of the 
chessboard with bishops. I crossed off all of the 
squares that could no longer be occupied by 
another bishop. From the remaining spaces 
available, you can fit the most bishops along the last 
row. Because the first and last square on the row 
can be attacked by a bishop on the opposite side of
the board, there are only 6 spaces available. So, 14
bishops can occupy a chessboard without being 
able to attack one another. 

 

ANSWER:  
a.  32; 14 
b. I began by analyzing the movements of a single 
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. The bishops can move 
diagonally in any direction. I began by filling the 
entire first row of the chessboard with bishops. I 
crossed off all of the squares that could no longer 
be occupied by another bishop. From the remaining
spaces available, you can fit the most bishops along 
the last row. Because the first and last square on the
row can be attacked by a bishop on the opposite 
side of the board, there are only 6 spaces available. 
So, 14 bishops can occupy a chessboard without 
being able to attack one another. 

Write each translation vector that maps the 
blue preimage to the green image. 

23.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue triangle is at (–2, 4). The top vertex of the green
triangle is at (1, –1), Subtract the coordinates. 
  
1 – (–2) = 3 
–1 – 4 = –5 
  
The triangle has been translated 3 units right and 5 

units down. So, the translation vector is  

ANSWER:  
 

24.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue pentagon is at (2, 0). The top vertex of the green
pentagon is at (–4, 4), Subtract the coordinates. 
  
–4 – (2) = –6 
4 – 0 = 4 
  
The pentagon has been translated 6 units left and 4 

units up. So, the translation vector is  

ANSWER:  
 

25. CONCERTS Dexter’s family buys tickets every 
year for a concert. Last year they were in seats C3, 
C4, C5, and C6. This year, they will be in seats D16, 
D17, D18, and D19. Write a translation in words and 
using vector notation that can be used to describe the
change in their seating. 

 

SOLUTION:  
Pick a seat from the new row and compare it to the 
corresponding seat in the previous row. The seat 
D16 is 13 seats right and 1 row back to C3. 
Therefore, the translation vector can be represented 

as  

ANSWER:  
They move to the right 13 seats and back one row; 

 

SENSE-MAKING Graph the translation of each
function along the given vector. Then write the 
equation of the translated image. 

26.   

 

SOLUTION:  

The translation of translates each point of 

 4 units right and 1 unit up. Thus,  the vertex 
of (0, 0) will translate to (4, 1). (1, 1) translates to (5, 
2) and (–1, 1) translates to (3, 2), etc. 
  

 
The equation for the translated function is y  = (x – 4)
2
 + 1. 

ANSWER:  

 
y = (x – 4)

2
 + 1 

27.   

 

SOLUTION:  

The translation of    translates each point of 

 2 units left. Thus,  the intercept of (0, 0) 
will translate to (–2, 0). (1, –1) translates to (–1, –1) 
and (–1, 1) translates to (–3, 1), etc. 
  

 
The equation of the translated function is y  = –(x + 

2)
3. 

ANSWER:  

 
y = –(x + 2)

3 

28. ROLLER COASTERS The length of the roller 
coaster track from the top of a hill to the bottom of 
the hill is 125 feet at a 53° angle with the vertical. If 
the position at the top of the hill is (x, y), use function 
notation to describe the translation to the bottom of 
the hill. Round to the nearest foot. 

SOLUTION:  
We have a triangle as shown. 

 
Use trigonometric ratios to find the vertical and 
horizontal changes of the coordinates of points from 
A to B. 
  

 

  
The vertex B is 75 ft down and 100 ft left to A. 
Therefore, the translation is (x, y) → (x – 75, y  – 
100). 

ANSWER:  
(x, y) → (x + 75, y  – 100) 

29. MULTIPLE REPRESENTATIONS In this 
problem, you will investigate reflections over a pair of
parallel lines. 

 
a. GEOMETRIC On patty paper, draw and 
a pair of vertical lines  l and m. Reflect in line l  by 
folding the patty paper. Then reflect, , in line 

m. Label the final image . 

b. GEOMETRIC Repeat the process in part a for 

reflected in vertical lines n and p  and 

 reflected in vertical lines q and r. 
c. TABULAR Copy and complete the table below. 

 
d. VERBAL Describe the result of two reflections 
in two vertical lines using one transformation. 

SOLUTION:  
a. 
Step 1: Draw ABC and line l and line m.  
Step 2: Fold the paper on line l.  Sketch the figure 
A'B'C'. 
Step 3: Fold the paper on line m.  Sketch the figure 
A''B''C''. 

 
  
b. 
Draw another triangle DEF and line n and line p  . 
Reflect twice following the steps in part a.  

 
  
Draw another triangle JKL and line q and line r . 
Reflect twice following the steps in part a.  
  

 
  
c. 

   
  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

ANSWER:  
a. 

 
b. 

 

 

c.  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

30. REASONING Determine a rule to find the final 
image of a point that is translated along 

and then . 

SOLUTION:  

Translating along  and then along   is 

same as translating along . Therefore, 

the translation vector is  

ANSWER:  
 

31. CHALLENGE A line y  = mx + b is translated using

the vector . Write the equation of the translated

line. What is the value of the y-intercept? 

SOLUTION:  

The vector  maps the point (x, y) → (x + a, y  +

b).  
  
Step 1: Identify two points on the line y  = mx + b. 

When x = 0, y  = b. When y  = 0, x = . So two 

points on the line y  = mx + b are (0, b) and ( , 
0).  
  
Step 2: Find the location of these points under the 
vector translation .  

(0, b) → (0 + a, b + b) → (a, 2b) 
  

( , 0) → (  + a, 0 + b) → (  + a, b) 
  
Step 3: Use these points to determine the equation 
of the translated line.  
  

 
  
Since the line is translated with its orientation 
unchanged we would expect the slope of the line to 
remain unchanged. Substituting the point (a, 2b) into
the equation  we will find   , the y -
intercept of the translated line.  

 
  
Note that if we had used the second point on the 
translated line, we would have arrived at the same 
value for the new y -intercept. 

 
  
Substituting the value of the new y -intercept into the
equation, we arrive at the equation for the translated
line.  

 
Combine like terms.  

 

ANSWER:  

y = m(x – a) + 2b; 2b – ma 

32. OPEN-ENDED Draw a figure on the coordinate 
plane so that the figure has the same orientation after
it is reflected in the line y  = 1. Explain what must be 
true in order for this to occur. 

SOLUTION:  
Draw figure ABCD with vertices at  A(–4, 8), B (4, 
8), C (4, 4), and D(–, 4). Draw the line y  = 1. 

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

 
In order for the figures ABCD and A'B'C'D' to be the
same, they must match up when you fold the grid in 
half horizontally at the y = 1 line. 

ANSWER:  

 
Sample answer: in order for the figure to be the 
same, it must match up when you fold it in half 
horizontally at the y  = 1 line. 

33. WRITING IN MATH Compare and contrast 
function notation and vector notation for translations. 

SOLUTION:  
Both vector notation and function notation describe 
the distance a figure is translated in the horizontal 
and vertical directions. Vector notation only 
describes the movement. It does not determine the 
beginning and ending locations. Function notation 
does both. It will give the initial point, the distance of 
the horizontal and vertical translation, and the ending 
point. For example, the translation a units to the right 
and b units up from the point (x, y) would be written 

 in vector notation and (x, y) → (x + a, y  + b) 

in function notation. 

ANSWER:  
Sample answer: Both vector notation and function 
notation describe the distance a figure is translated in
the horizontal and vertical directions. Vector notation 
does not give a rule in terms of initial location, but 
function notation does. For example, the translation a 
units to the right and b units up from the point (x, y) 

would be written  in vector notation and (x, y) 

→ (x + a, y  + b) in function notation. 

34. WRITING IN MATH Recall from Lesson 3-1 that
an invariant point maps onto itself. Can invariant 
points occur with translations? Explain why or why 
not. 

SOLUTION:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

ANSWER:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

35. On a grid triangle PQR has vertices P(2, 1), Q(3, –
1), and R(–1, –2) as shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). Find the coordinates of the vertices of triangle 
P'Q'R'. 
  
P' =  
Q' =  
R' =  
  
b. Which point lies in the interior of triangle P'Q'R'? 
A (0, –1) 
B (2, –4) 
C (–2, –4) 
D (–2, 2) 

SOLUTION:  
PQR has vertices P(2, 1), Q(3, –1), and R(–1, –2) as
shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). So the coordinates of the vertices of triangle 
P'Q'R' can be found by subtracting 2 from each x-
coordinate and adding 3 to each y-coordinate. 
  
P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. To find which point lies in the interior of triangle 
P'Q'R', either plot the image triangle on the 
coordinate plane and check, or notice that all of the 
image triangle is in quadrants I and II, and only 
answer choice D (–2, 2) is in either of those 
quadrants. 
  

ANSWER:  
a. P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. D 

36. Which of the following is the image of the line 
 under the translation (x, y) → (
)?  

A  
B  
C  
D  

SOLUTION:  
The translation of   can be 
thought of graphically, as a translation of the line 

 one unit to the left and one unit up. This 
would result in the translation graph seen below. The 
resulting line would be  . The correct 
choice is C. 

 

ANSWER:  
C 

37. Which of the following vectors will translate a point 
with the coordinates (3, –5) up and to the left on a 
coordinate plane? 
  
A  
B  
C  
D  

SOLUTION:  
The coordinates of the point do not matter, if a 
translation vector is to move a point up and to the 

left, the vector must be of the form , where a is
negative and b is positive. 
  
The correct answer is choice C. 

ANSWER:  
C 

38. Given a triangle with vertices A(–7, –1), B(–2, –3) 
and C(2, 4), which of the following represents the 
coordinates of the vertices of the image after a 
translation of the triangle 5 units right and 3 units up? 
  
A A(–4, 4), B(1, 2) and C(5, 9) 
B A(–2, 2), B(3, 0) and C(7, 7) 
C A(–12, 2), B(–7, 0) and C(–3, 7) 
D A(–2, –4), B(3, –6) and C(7, 1) 

SOLUTION:  
To translate A(–7, –1), B(–2, –3) and C(2, 4) five 
units right and three units up, add 5 to each x-
coordinate and add 3 to each y-coordinate.  
  
A(–7, –1), B(–2, –3), C(2, 4) → A(–7 + 5, –1 + 3), B
(–2 + 5, –3 + 3), C(2 + 5, 4 + 3)  
which is equivalent to  A(–2, 2), B(3, 0), C(7, 7).  

ANSWER:  
B 

39. Which of the following statements is true for both the
translation  and the translation 

?  
A   A point and its image have the same y-
coordinate. 
B   Points on the x-axis are mapped to other points 
on the x-axis. 
C   The translation vector is . 
D    A point in Quadrant I is mapped to another point
in Quadrant I. 

SOLUTION:  
Option A cannot be true, as the 
translation   would translate 
each y-coordinate up 2 units.  
Option B cannot be true, as the translation 

 would translate the point (2,0) 
to (2,2), a point no longer on the x-axis.  
Option C cannot be true, as the translation vertex 
for   would be , not . 
Option D is the correct choice as any point with 
positive x and y  coordinates will remain positive with 
either translation. Therefore they will remain in 
Quadrant I. 

ANSWER:  
D 

40. What is the distance between any point and its image
under the translation ? 
Round to the nearest tenth. 

SOLUTION:  
The distance between any point and its image are the
same, under the same translation. Therefore, choose 
any point, find its image under the 
translation  , and then use 
the Distance Formula to find the distance between 
these two points.  
  
Example: The image of point  would be 

.  

 
      

ANSWER:  
7.2 

41. Under which of the following translations does the 
image of rectangle JKLM not overlap rectangle 
JKLM? 

               
A     
B    
C    
D     
E     

SOLUTION:  
For JKLM to not overlap its image, the translation of 
the x-coordinates would have to be either more than 
3 or less than negative 3, since the length of the 
rectangle is 3 units. The only choice for which this is 
true is D.  

ANSWER:  
D 

Copy the figure and the given translation 
vector. Then draw the translation of the figure 
along the translation vector. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point B' by marking off this distance along the line 
through vertex B, starting at B and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points C' and D'. 
Then connect vertices B', C', and D' to form the 
translated image. 
  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point W' by marking off this distance along the line 
through vertex W, starting at W and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect vertices W', X ', Y' and Z' to form 
the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

4. trapezoid JKLM with vertices J(2, 4), K(1, 1), L(5, 1)

and M (4, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(2 + 7, 4 + 1), K’(1 + 7, 1 + 1), L’(5 +
7, 1 + 1) and M ’(4 + 7, 4 + 1). 

 

ANSWER:  

 

5.  with vertices D(–8, 8), F(–10, 4), and G(–7, 

6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are D’(–8 + 5, 8 – 2), F’(–10 + 5, 4 – 2), and
G’(–7 + 5, 6 – 2). 

 

ANSWER:  

 

6. parallelogram WXYZ with vertices W(–6, –5), X(–2, –
5), Y(–1, –8), and Z(–5, –8); 

 

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–6 – 1, –5 + 4), X’(–2 – 1, –5 
+ 4), Y’(–1 – 1, –8 + 4), and Z’(–5 – 1, –8 + 4). 
  

   

ANSWER:  

 

7. VIDEO GAMES The object of the video game 
shown is to manipulate the colored tiles left or right 
as they fall from the top of the screen to completely 
fill each row without leaving empty spaces. If the 
starting position of the tile piece at the top of the 
screen is (x, y), use function notation to describe the 
translation that will fill the indicated row. 

 

SOLUTION:  
There is only one block space for the row to be 
complete. For the object to fit in the place, it should 
be moved 3 places right and 5 places down. So, the 

translation vector should be  

Therefore, the translation is  

ANSWER:  
 

TOOLS  Copy the figure and the given 
translation vector. Then draw the translation of 
the figure along the translation vector. 

8.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point J' by marking off this distance along the line 
through vertex J, starting at J and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect vertices J', K',  L', and M' to form
the translated image. 

 

ANSWER:  

 

9.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point A ' by marking off this distance along the line 
through vertex A , starting at A  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points B' and C'. 
Then connect vertices A ', B', and C' to form the 
translated image. 

 

ANSWER:  

 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
  
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point X ' by marking off this distance along the line 
through vertex X , starting at X  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect vertices X ', Y', and Z' to form the 
translated image. 

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point D' by marking off this distance along the line 
through vertex D, starting at D and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect vertices D', F', G' and H' to form 
the translated image. 

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point V' by marking off this distance along the line 
through vertex V, starting at V and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect vertices V', W', X ', Y' and Z' 
to form the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

14.  with vertices A(1, 6), B(3, 2), and C(4, 

7);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are A’(1 + 4, 6 – 1), B’(3 + 4, 2 – 1), and 
C’(4 + 4, 7 – 1). 

 

ANSWER:  

 

15.  with vertices M (4, –5), N(5, –8), and P(8, –
6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are M ’(4 – 2, –5 + 5), N’(5 – 2, –8 + 5), and 
P’(8 – , –6 + 5). 

 

ANSWER:  

 

16. rectangle QRST with vertices Q(–8, 4), R(–8, 2), S(–
3, 2), and T(–3, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
rectangle are Q’(–8 + 2, 4 + 3), R’(–8 + 2, 2 + 3), 
S’(–3 + 2, 2 + 3), and T’(–3 + 2, 4 + 3). 

 

ANSWER:  

 

17. quadrilateral FGHJ with vertices F(–4, –2), G(–1, –
1), H(0, –4), and J(–3, –6);  

SOLUTION:  
The coordinates of the vertices of the translated 
quadrilateral are F’(–4 – 5, –2 – 2), G’(–1 – 5, –1 – 
2), H’(0 – 5, –4 – 2), and J’(–3 – 5, –6 – 2). 

 

ANSWER:  

 

18.  with vertices W(–3, –1), X(1, –1), Y(2, –4), 

and Z(–2, –4);  

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–3 – 3, –1 + 4), X’(1 – 3, –1 + 
4), Y’(2 – 3, –4 + 4), and Z’(–2 – 3, –4 + 4). 

 

ANSWER:  

 

19. trapezoid JKLM with vertices J(–4, –2), K(–1, –2), L

(0, –5), and M (–5, –5);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(–4 + 6, –2 + 5), K’(–1 + 6, –2 + 5), 
L’(0 + 6, –5 + 5), and M ’(–5 + 6, –5 + 5). 

 

ANSWER:  

 

20. PROBLEM SOLVING Brittany’s neighborhood is 
shown on the grid at the right. 

 
a. If she leaves home and travels 4 blocks north and 
3 blocks east, what is her new location? 
b. Use words to describe two possible translations 
that will take Brittany home from school. 

SOLUTION:  
a. Since the north side is marked upwards, travelling 
4 blocks north and 3 blocks east means moving 4 
blocks up and 3 blocks right. The point 4 blocks up 
and 3 blocks right to the home is the library. 
Therefore, her new location will be the library. 
b. The resultant vector must be . Any 
combination of vectors that form this resultant vector
will be satisfactory. 
  
 She can go west 5 blocks and then south 1 block, or 
she can go south 1 block and then west 5 blocks to 
reach the school. 

ANSWER:  
a. Library 
b. Sample answer: She can go west 5 blocks and 
then south 1 block, or she can go south 1 block and 
then west 5 blocks. 

21. FOOTBALL A wide receiver starts from his 15-
yard line on the right hash mark and runs a route that
takes him 12 yards to the left and down field for a 
gain of 17 yards. Write a translation vector to 
describe the receiver’s route. 

 

SOLUTION:  
The receiver starts on the right hash of the 15-yard 
line and moves 12 yards left and then 17 yards down 
field, or upwards as shown in the diagram.  

 
So, a translation vector that represents the receiver's 

route would be    

ANSWER:  
 

22. MULTI-STEP Each type of chess piece has a rule
for how it can be moved. A knight can move two 
squares horizontally and then one square vertically, 
or two squares vertically and one square 
horizontally. The bishop can only move diagonally. 
When a chess piece moves to a space that is 
occupied by an opponent’s piece, it is attacking that
piece. 

                            
a. What is the maximum number of knights that 
could be placed on an 8 by 8 chessboard so that 
none of the pieces can attack each other? What is 
the maximum number of bishops?  
b. Explain your solution process.  

SOLUTION:  
a-b.  I began by analyzing the movements of a single
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. Therefore,  is the 
maximum number of knight on an 8 by 8 
chessboard so that none can attack each other.  
      The bishops can move diagonally in any 
direction. I began by filling the entire first row of the 
chessboard with bishops. I crossed off all of the 
squares that could no longer be occupied by 
another bishop. From the remaining spaces 
available, you can fit the most bishops along the last 
row. Because the first and last square on the row 
can be attacked by a bishop on the opposite side of
the board, there are only 6 spaces available. So, 14
bishops can occupy a chessboard without being 
able to attack one another. 

 

ANSWER:  
a.  32; 14 
b. I began by analyzing the movements of a single 
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. The bishops can move 
diagonally in any direction. I began by filling the 
entire first row of the chessboard with bishops. I 
crossed off all of the squares that could no longer 
be occupied by another bishop. From the remaining
spaces available, you can fit the most bishops along 
the last row. Because the first and last square on the
row can be attacked by a bishop on the opposite 
side of the board, there are only 6 spaces available. 
So, 14 bishops can occupy a chessboard without 
being able to attack one another. 

Write each translation vector that maps the 
blue preimage to the green image. 

23.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue triangle is at (–2, 4). The top vertex of the green
triangle is at (1, –1), Subtract the coordinates. 
  
1 – (–2) = 3 
–1 – 4 = –5 
  
The triangle has been translated 3 units right and 5 

units down. So, the translation vector is  

ANSWER:  
 

24.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue pentagon is at (2, 0). The top vertex of the green
pentagon is at (–4, 4), Subtract the coordinates. 
  
–4 – (2) = –6 
4 – 0 = 4 
  
The pentagon has been translated 6 units left and 4 

units up. So, the translation vector is  

ANSWER:  
 

25. CONCERTS Dexter’s family buys tickets every 
year for a concert. Last year they were in seats C3, 
C4, C5, and C6. This year, they will be in seats D16, 
D17, D18, and D19. Write a translation in words and 
using vector notation that can be used to describe the
change in their seating. 

 

SOLUTION:  
Pick a seat from the new row and compare it to the 
corresponding seat in the previous row. The seat 
D16 is 13 seats right and 1 row back to C3. 
Therefore, the translation vector can be represented 

as  

ANSWER:  
They move to the right 13 seats and back one row; 

 

SENSE-MAKING Graph the translation of each
function along the given vector. Then write the 
equation of the translated image. 

26.   

 

SOLUTION:  

The translation of translates each point of 

 4 units right and 1 unit up. Thus,  the vertex 
of (0, 0) will translate to (4, 1). (1, 1) translates to (5, 
2) and (–1, 1) translates to (3, 2), etc. 
  

 
The equation for the translated function is y  = (x – 4)
2
 + 1. 

ANSWER:  

 
y = (x – 4)

2
 + 1 

27.   

 

SOLUTION:  

The translation of    translates each point of 

 2 units left. Thus,  the intercept of (0, 0) 
will translate to (–2, 0). (1, –1) translates to (–1, –1) 
and (–1, 1) translates to (–3, 1), etc. 
  

 
The equation of the translated function is y  = –(x + 

2)
3. 

ANSWER:  

 
y = –(x + 2)

3 

28. ROLLER COASTERS The length of the roller 
coaster track from the top of a hill to the bottom of 
the hill is 125 feet at a 53° angle with the vertical. If 
the position at the top of the hill is (x, y), use function 
notation to describe the translation to the bottom of 
the hill. Round to the nearest foot. 

SOLUTION:  
We have a triangle as shown. 

 
Use trigonometric ratios to find the vertical and 
horizontal changes of the coordinates of points from 
A to B. 
  

 

  
The vertex B is 75 ft down and 100 ft left to A. 
Therefore, the translation is (x, y) → (x – 75, y  – 
100). 

ANSWER:  
(x, y) → (x + 75, y  – 100) 

29. MULTIPLE REPRESENTATIONS In this 
problem, you will investigate reflections over a pair of
parallel lines. 

 
a. GEOMETRIC On patty paper, draw and 
a pair of vertical lines  l and m. Reflect in line l  by 
folding the patty paper. Then reflect, , in line 

m. Label the final image . 

b. GEOMETRIC Repeat the process in part a for 

reflected in vertical lines n and p  and 

 reflected in vertical lines q and r. 
c. TABULAR Copy and complete the table below. 

 
d. VERBAL Describe the result of two reflections 
in two vertical lines using one transformation. 

SOLUTION:  
a. 
Step 1: Draw ABC and line l and line m.  
Step 2: Fold the paper on line l.  Sketch the figure 
A'B'C'. 
Step 3: Fold the paper on line m.  Sketch the figure 
A''B''C''. 

 
  
b. 
Draw another triangle DEF and line n and line p  . 
Reflect twice following the steps in part a.  

 
  
Draw another triangle JKL and line q and line r . 
Reflect twice following the steps in part a.  
  

 
  
c. 

   
  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

ANSWER:  
a. 

 
b. 

 

 

c.  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

30. REASONING Determine a rule to find the final 
image of a point that is translated along 

and then . 

SOLUTION:  

Translating along  and then along   is 

same as translating along . Therefore, 

the translation vector is  

ANSWER:  
 

31. CHALLENGE A line y  = mx + b is translated using

the vector . Write the equation of the translated

line. What is the value of the y-intercept? 

SOLUTION:  

The vector  maps the point (x, y) → (x + a, y  +

b).  
  
Step 1: Identify two points on the line y  = mx + b. 

When x = 0, y  = b. When y  = 0, x = . So two 

points on the line y  = mx + b are (0, b) and ( , 
0).  
  
Step 2: Find the location of these points under the 
vector translation .  

(0, b) → (0 + a, b + b) → (a, 2b) 
  

( , 0) → (  + a, 0 + b) → (  + a, b) 
  
Step 3: Use these points to determine the equation 
of the translated line.  
  

 
  
Since the line is translated with its orientation 
unchanged we would expect the slope of the line to 
remain unchanged. Substituting the point (a, 2b) into
the equation  we will find   , the y -
intercept of the translated line.  

 
  
Note that if we had used the second point on the 
translated line, we would have arrived at the same 
value for the new y -intercept. 

 
  
Substituting the value of the new y -intercept into the
equation, we arrive at the equation for the translated
line.  

 
Combine like terms.  

 

ANSWER:  

y = m(x – a) + 2b; 2b – ma 

32. OPEN-ENDED Draw a figure on the coordinate 
plane so that the figure has the same orientation after
it is reflected in the line y  = 1. Explain what must be 
true in order for this to occur. 

SOLUTION:  
Draw figure ABCD with vertices at  A(–4, 8), B (4, 
8), C (4, 4), and D(–, 4). Draw the line y  = 1. 

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

 
In order for the figures ABCD and A'B'C'D' to be the
same, they must match up when you fold the grid in 
half horizontally at the y = 1 line. 

ANSWER:  

 
Sample answer: in order for the figure to be the 
same, it must match up when you fold it in half 
horizontally at the y  = 1 line. 

33. WRITING IN MATH Compare and contrast 
function notation and vector notation for translations. 

SOLUTION:  
Both vector notation and function notation describe 
the distance a figure is translated in the horizontal 
and vertical directions. Vector notation only 
describes the movement. It does not determine the 
beginning and ending locations. Function notation 
does both. It will give the initial point, the distance of 
the horizontal and vertical translation, and the ending 
point. For example, the translation a units to the right 
and b units up from the point (x, y) would be written 

 in vector notation and (x, y) → (x + a, y  + b) 

in function notation. 

ANSWER:  
Sample answer: Both vector notation and function 
notation describe the distance a figure is translated in
the horizontal and vertical directions. Vector notation 
does not give a rule in terms of initial location, but 
function notation does. For example, the translation a 
units to the right and b units up from the point (x, y) 

would be written  in vector notation and (x, y) 

→ (x + a, y  + b) in function notation. 

34. WRITING IN MATH Recall from Lesson 3-1 that
an invariant point maps onto itself. Can invariant 
points occur with translations? Explain why or why 
not. 

SOLUTION:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

ANSWER:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

35. On a grid triangle PQR has vertices P(2, 1), Q(3, –
1), and R(–1, –2) as shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). Find the coordinates of the vertices of triangle 
P'Q'R'. 
  
P' =  
Q' =  
R' =  
  
b. Which point lies in the interior of triangle P'Q'R'? 
A (0, –1) 
B (2, –4) 
C (–2, –4) 
D (–2, 2) 

SOLUTION:  
PQR has vertices P(2, 1), Q(3, –1), and R(–1, –2) as
shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). So the coordinates of the vertices of triangle 
P'Q'R' can be found by subtracting 2 from each x-
coordinate and adding 3 to each y-coordinate. 
  
P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. To find which point lies in the interior of triangle 
P'Q'R', either plot the image triangle on the 
coordinate plane and check, or notice that all of the 
image triangle is in quadrants I and II, and only 
answer choice D (–2, 2) is in either of those 
quadrants. 
  

ANSWER:  
a. P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. D 

36. Which of the following is the image of the line 
 under the translation (x, y) → (
)?  

A  
B  
C  
D  

SOLUTION:  
The translation of   can be 
thought of graphically, as a translation of the line 

 one unit to the left and one unit up. This 
would result in the translation graph seen below. The 
resulting line would be  . The correct 
choice is C. 

 

ANSWER:  
C 

37. Which of the following vectors will translate a point 
with the coordinates (3, –5) up and to the left on a 
coordinate plane? 
  
A  
B  
C  
D  

SOLUTION:  
The coordinates of the point do not matter, if a 
translation vector is to move a point up and to the 

left, the vector must be of the form , where a is
negative and b is positive. 
  
The correct answer is choice C. 

ANSWER:  
C 

38. Given a triangle with vertices A(–7, –1), B(–2, –3) 
and C(2, 4), which of the following represents the 
coordinates of the vertices of the image after a 
translation of the triangle 5 units right and 3 units up? 
  
A A(–4, 4), B(1, 2) and C(5, 9) 
B A(–2, 2), B(3, 0) and C(7, 7) 
C A(–12, 2), B(–7, 0) and C(–3, 7) 
D A(–2, –4), B(3, –6) and C(7, 1) 

SOLUTION:  
To translate A(–7, –1), B(–2, –3) and C(2, 4) five 
units right and three units up, add 5 to each x-
coordinate and add 3 to each y-coordinate.  
  
A(–7, –1), B(–2, –3), C(2, 4) → A(–7 + 5, –1 + 3), B
(–2 + 5, –3 + 3), C(2 + 5, 4 + 3)  
which is equivalent to  A(–2, 2), B(3, 0), C(7, 7).  

ANSWER:  
B 

39. Which of the following statements is true for both the
translation  and the translation 

?  
A   A point and its image have the same y-
coordinate. 
B   Points on the x-axis are mapped to other points 
on the x-axis. 
C   The translation vector is . 
D    A point in Quadrant I is mapped to another point
in Quadrant I. 

SOLUTION:  
Option A cannot be true, as the 
translation   would translate 
each y-coordinate up 2 units.  
Option B cannot be true, as the translation 

 would translate the point (2,0) 
to (2,2), a point no longer on the x-axis.  
Option C cannot be true, as the translation vertex 
for   would be , not . 
Option D is the correct choice as any point with 
positive x and y  coordinates will remain positive with 
either translation. Therefore they will remain in 
Quadrant I. 

ANSWER:  
D 

40. What is the distance between any point and its image
under the translation ? 
Round to the nearest tenth. 

SOLUTION:  
The distance between any point and its image are the
same, under the same translation. Therefore, choose 
any point, find its image under the 
translation  , and then use 
the Distance Formula to find the distance between 
these two points.  
  
Example: The image of point  would be 

.  

 
      

ANSWER:  
7.2 

41. Under which of the following translations does the 
image of rectangle JKLM not overlap rectangle 
JKLM? 

               
A     
B    
C    
D     
E     

SOLUTION:  
For JKLM to not overlap its image, the translation of 
the x-coordinates would have to be either more than 
3 or less than negative 3, since the length of the 
rectangle is 3 units. The only choice for which this is 
true is D.  

ANSWER:  
D 
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3-2 Translations 



Copy the figure and the given translation 
vector. Then draw the translation of the figure 
along the translation vector. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point B' by marking off this distance along the line 
through vertex B, starting at B and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points C' and D'. 
Then connect vertices B', C', and D' to form the 
translated image. 
  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point W' by marking off this distance along the line 
through vertex W, starting at W and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect vertices W', X ', Y' and Z' to form 
the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

4. trapezoid JKLM with vertices J(2, 4), K(1, 1), L(5, 1)

and M (4, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(2 + 7, 4 + 1), K’(1 + 7, 1 + 1), L’(5 +
7, 1 + 1) and M ’(4 + 7, 4 + 1). 

 

ANSWER:  

 

5.  with vertices D(–8, 8), F(–10, 4), and G(–7, 

6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are D’(–8 + 5, 8 – 2), F’(–10 + 5, 4 – 2), and
G’(–7 + 5, 6 – 2). 

 

ANSWER:  

 

6. parallelogram WXYZ with vertices W(–6, –5), X(–2, –
5), Y(–1, –8), and Z(–5, –8); 

 

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–6 – 1, –5 + 4), X’(–2 – 1, –5 
+ 4), Y’(–1 – 1, –8 + 4), and Z’(–5 – 1, –8 + 4). 
  

   

ANSWER:  

 

7. VIDEO GAMES The object of the video game 
shown is to manipulate the colored tiles left or right 
as they fall from the top of the screen to completely 
fill each row without leaving empty spaces. If the 
starting position of the tile piece at the top of the 
screen is (x, y), use function notation to describe the 
translation that will fill the indicated row. 

 

SOLUTION:  
There is only one block space for the row to be 
complete. For the object to fit in the place, it should 
be moved 3 places right and 5 places down. So, the 

translation vector should be  

Therefore, the translation is  

ANSWER:  
 

TOOLS  Copy the figure and the given 
translation vector. Then draw the translation of 
the figure along the translation vector. 

8.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point J' by marking off this distance along the line 
through vertex J, starting at J and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect vertices J', K',  L', and M' to form
the translated image. 

 

ANSWER:  

 

9.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point A ' by marking off this distance along the line 
through vertex A , starting at A  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points B' and C'. 
Then connect vertices A ', B', and C' to form the 
translated image. 

 

ANSWER:  

 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
  
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point X ' by marking off this distance along the line 
through vertex X , starting at X  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect vertices X ', Y', and Z' to form the 
translated image. 

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point D' by marking off this distance along the line 
through vertex D, starting at D and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect vertices D', F', G' and H' to form 
the translated image. 

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point V' by marking off this distance along the line 
through vertex V, starting at V and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect vertices V', W', X ', Y' and Z' 
to form the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

14.  with vertices A(1, 6), B(3, 2), and C(4, 

7);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are A’(1 + 4, 6 – 1), B’(3 + 4, 2 – 1), and 
C’(4 + 4, 7 – 1). 

 

ANSWER:  

 

15.  with vertices M (4, –5), N(5, –8), and P(8, –
6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are M ’(4 – 2, –5 + 5), N’(5 – 2, –8 + 5), and 
P’(8 – , –6 + 5). 

 

ANSWER:  

 

16. rectangle QRST with vertices Q(–8, 4), R(–8, 2), S(–
3, 2), and T(–3, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
rectangle are Q’(–8 + 2, 4 + 3), R’(–8 + 2, 2 + 3), 
S’(–3 + 2, 2 + 3), and T’(–3 + 2, 4 + 3). 

 

ANSWER:  

 

17. quadrilateral FGHJ with vertices F(–4, –2), G(–1, –
1), H(0, –4), and J(–3, –6);  

SOLUTION:  
The coordinates of the vertices of the translated 
quadrilateral are F’(–4 – 5, –2 – 2), G’(–1 – 5, –1 – 
2), H’(0 – 5, –4 – 2), and J’(–3 – 5, –6 – 2). 

 

ANSWER:  

 

18.  with vertices W(–3, –1), X(1, –1), Y(2, –4), 

and Z(–2, –4);  

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–3 – 3, –1 + 4), X’(1 – 3, –1 + 
4), Y’(2 – 3, –4 + 4), and Z’(–2 – 3, –4 + 4). 

 

ANSWER:  

 

19. trapezoid JKLM with vertices J(–4, –2), K(–1, –2), L

(0, –5), and M (–5, –5);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(–4 + 6, –2 + 5), K’(–1 + 6, –2 + 5), 
L’(0 + 6, –5 + 5), and M ’(–5 + 6, –5 + 5). 

 

ANSWER:  

 

20. PROBLEM SOLVING Brittany’s neighborhood is 
shown on the grid at the right. 

 
a. If she leaves home and travels 4 blocks north and 
3 blocks east, what is her new location? 
b. Use words to describe two possible translations 
that will take Brittany home from school. 

SOLUTION:  
a. Since the north side is marked upwards, travelling 
4 blocks north and 3 blocks east means moving 4 
blocks up and 3 blocks right. The point 4 blocks up 
and 3 blocks right to the home is the library. 
Therefore, her new location will be the library. 
b. The resultant vector must be . Any 
combination of vectors that form this resultant vector
will be satisfactory. 
  
 She can go west 5 blocks and then south 1 block, or 
she can go south 1 block and then west 5 blocks to 
reach the school. 

ANSWER:  
a. Library 
b. Sample answer: She can go west 5 blocks and 
then south 1 block, or she can go south 1 block and 
then west 5 blocks. 

21. FOOTBALL A wide receiver starts from his 15-
yard line on the right hash mark and runs a route that
takes him 12 yards to the left and down field for a 
gain of 17 yards. Write a translation vector to 
describe the receiver’s route. 

 

SOLUTION:  
The receiver starts on the right hash of the 15-yard 
line and moves 12 yards left and then 17 yards down 
field, or upwards as shown in the diagram.  

 
So, a translation vector that represents the receiver's 

route would be    

ANSWER:  
 

22. MULTI-STEP Each type of chess piece has a rule
for how it can be moved. A knight can move two 
squares horizontally and then one square vertically, 
or two squares vertically and one square 
horizontally. The bishop can only move diagonally. 
When a chess piece moves to a space that is 
occupied by an opponent’s piece, it is attacking that
piece. 

                            
a. What is the maximum number of knights that 
could be placed on an 8 by 8 chessboard so that 
none of the pieces can attack each other? What is 
the maximum number of bishops?  
b. Explain your solution process.  

SOLUTION:  
a-b.  I began by analyzing the movements of a single
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. Therefore,  is the 
maximum number of knight on an 8 by 8 
chessboard so that none can attack each other.  
      The bishops can move diagonally in any 
direction. I began by filling the entire first row of the 
chessboard with bishops. I crossed off all of the 
squares that could no longer be occupied by 
another bishop. From the remaining spaces 
available, you can fit the most bishops along the last 
row. Because the first and last square on the row 
can be attacked by a bishop on the opposite side of
the board, there are only 6 spaces available. So, 14
bishops can occupy a chessboard without being 
able to attack one another. 

 

ANSWER:  
a.  32; 14 
b. I began by analyzing the movements of a single 
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. The bishops can move 
diagonally in any direction. I began by filling the 
entire first row of the chessboard with bishops. I 
crossed off all of the squares that could no longer 
be occupied by another bishop. From the remaining
spaces available, you can fit the most bishops along 
the last row. Because the first and last square on the
row can be attacked by a bishop on the opposite 
side of the board, there are only 6 spaces available. 
So, 14 bishops can occupy a chessboard without 
being able to attack one another. 

Write each translation vector that maps the 
blue preimage to the green image. 

23.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue triangle is at (–2, 4). The top vertex of the green
triangle is at (1, –1), Subtract the coordinates. 
  
1 – (–2) = 3 
–1 – 4 = –5 
  
The triangle has been translated 3 units right and 5 

units down. So, the translation vector is  

ANSWER:  
 

24.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue pentagon is at (2, 0). The top vertex of the green
pentagon is at (–4, 4), Subtract the coordinates. 
  
–4 – (2) = –6 
4 – 0 = 4 
  
The pentagon has been translated 6 units left and 4 

units up. So, the translation vector is  

ANSWER:  
 

25. CONCERTS Dexter’s family buys tickets every 
year for a concert. Last year they were in seats C3, 
C4, C5, and C6. This year, they will be in seats D16, 
D17, D18, and D19. Write a translation in words and 
using vector notation that can be used to describe the
change in their seating. 

 

SOLUTION:  
Pick a seat from the new row and compare it to the 
corresponding seat in the previous row. The seat 
D16 is 13 seats right and 1 row back to C3. 
Therefore, the translation vector can be represented 

as  

ANSWER:  
They move to the right 13 seats and back one row; 

 

SENSE-MAKING Graph the translation of each
function along the given vector. Then write the 
equation of the translated image. 

26.   

 

SOLUTION:  

The translation of translates each point of 

 4 units right and 1 unit up. Thus,  the vertex 
of (0, 0) will translate to (4, 1). (1, 1) translates to (5, 
2) and (–1, 1) translates to (3, 2), etc. 
  

 
The equation for the translated function is y  = (x – 4)
2
 + 1. 

ANSWER:  

 
y = (x – 4)

2
 + 1 

27.   

 

SOLUTION:  

The translation of    translates each point of 

 2 units left. Thus,  the intercept of (0, 0) 
will translate to (–2, 0). (1, –1) translates to (–1, –1) 
and (–1, 1) translates to (–3, 1), etc. 
  

 
The equation of the translated function is y  = –(x + 

2)
3. 

ANSWER:  

 
y = –(x + 2)

3 

28. ROLLER COASTERS The length of the roller 
coaster track from the top of a hill to the bottom of 
the hill is 125 feet at a 53° angle with the vertical. If 
the position at the top of the hill is (x, y), use function 
notation to describe the translation to the bottom of 
the hill. Round to the nearest foot. 

SOLUTION:  
We have a triangle as shown. 

 
Use trigonometric ratios to find the vertical and 
horizontal changes of the coordinates of points from 
A to B. 
  

 

  
The vertex B is 75 ft down and 100 ft left to A. 
Therefore, the translation is (x, y) → (x – 75, y  – 
100). 

ANSWER:  
(x, y) → (x + 75, y  – 100) 

29. MULTIPLE REPRESENTATIONS In this 
problem, you will investigate reflections over a pair of
parallel lines. 

 
a. GEOMETRIC On patty paper, draw and 
a pair of vertical lines  l and m. Reflect in line l  by 
folding the patty paper. Then reflect, , in line 

m. Label the final image . 

b. GEOMETRIC Repeat the process in part a for 

reflected in vertical lines n and p  and 

 reflected in vertical lines q and r. 
c. TABULAR Copy and complete the table below. 

 
d. VERBAL Describe the result of two reflections 
in two vertical lines using one transformation. 

SOLUTION:  
a. 
Step 1: Draw ABC and line l and line m.  
Step 2: Fold the paper on line l.  Sketch the figure 
A'B'C'. 
Step 3: Fold the paper on line m.  Sketch the figure 
A''B''C''. 

 
  
b. 
Draw another triangle DEF and line n and line p  . 
Reflect twice following the steps in part a.  

 
  
Draw another triangle JKL and line q and line r . 
Reflect twice following the steps in part a.  
  

 
  
c. 

   
  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

ANSWER:  
a. 

 
b. 

 

 

c.  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

30. REASONING Determine a rule to find the final 
image of a point that is translated along 

and then . 

SOLUTION:  

Translating along  and then along   is 

same as translating along . Therefore, 

the translation vector is  

ANSWER:  
 

31. CHALLENGE A line y  = mx + b is translated using

the vector . Write the equation of the translated

line. What is the value of the y-intercept? 

SOLUTION:  

The vector  maps the point (x, y) → (x + a, y  +

b).  
  
Step 1: Identify two points on the line y  = mx + b. 

When x = 0, y  = b. When y  = 0, x = . So two 

points on the line y  = mx + b are (0, b) and ( , 
0).  
  
Step 2: Find the location of these points under the 
vector translation .  

(0, b) → (0 + a, b + b) → (a, 2b) 
  

( , 0) → (  + a, 0 + b) → (  + a, b) 
  
Step 3: Use these points to determine the equation 
of the translated line.  
  

 
  
Since the line is translated with its orientation 
unchanged we would expect the slope of the line to 
remain unchanged. Substituting the point (a, 2b) into
the equation  we will find   , the y -
intercept of the translated line.  

 
  
Note that if we had used the second point on the 
translated line, we would have arrived at the same 
value for the new y -intercept. 

 
  
Substituting the value of the new y -intercept into the
equation, we arrive at the equation for the translated
line.  

 
Combine like terms.  

 

ANSWER:  

y = m(x – a) + 2b; 2b – ma 

32. OPEN-ENDED Draw a figure on the coordinate 
plane so that the figure has the same orientation after
it is reflected in the line y  = 1. Explain what must be 
true in order for this to occur. 

SOLUTION:  
Draw figure ABCD with vertices at  A(–4, 8), B (4, 
8), C (4, 4), and D(–, 4). Draw the line y  = 1. 

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

 
In order for the figures ABCD and A'B'C'D' to be the
same, they must match up when you fold the grid in 
half horizontally at the y = 1 line. 

ANSWER:  

 
Sample answer: in order for the figure to be the 
same, it must match up when you fold it in half 
horizontally at the y  = 1 line. 

33. WRITING IN MATH Compare and contrast 
function notation and vector notation for translations. 

SOLUTION:  
Both vector notation and function notation describe 
the distance a figure is translated in the horizontal 
and vertical directions. Vector notation only 
describes the movement. It does not determine the 
beginning and ending locations. Function notation 
does both. It will give the initial point, the distance of 
the horizontal and vertical translation, and the ending 
point. For example, the translation a units to the right 
and b units up from the point (x, y) would be written 

 in vector notation and (x, y) → (x + a, y  + b) 

in function notation. 

ANSWER:  
Sample answer: Both vector notation and function 
notation describe the distance a figure is translated in
the horizontal and vertical directions. Vector notation 
does not give a rule in terms of initial location, but 
function notation does. For example, the translation a 
units to the right and b units up from the point (x, y) 

would be written  in vector notation and (x, y) 

→ (x + a, y  + b) in function notation. 

34. WRITING IN MATH Recall from Lesson 3-1 that
an invariant point maps onto itself. Can invariant 
points occur with translations? Explain why or why 
not. 

SOLUTION:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

ANSWER:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

35. On a grid triangle PQR has vertices P(2, 1), Q(3, –
1), and R(–1, –2) as shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). Find the coordinates of the vertices of triangle 
P'Q'R'. 
  
P' =  
Q' =  
R' =  
  
b. Which point lies in the interior of triangle P'Q'R'? 
A (0, –1) 
B (2, –4) 
C (–2, –4) 
D (–2, 2) 

SOLUTION:  
PQR has vertices P(2, 1), Q(3, –1), and R(–1, –2) as
shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). So the coordinates of the vertices of triangle 
P'Q'R' can be found by subtracting 2 from each x-
coordinate and adding 3 to each y-coordinate. 
  
P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. To find which point lies in the interior of triangle 
P'Q'R', either plot the image triangle on the 
coordinate plane and check, or notice that all of the 
image triangle is in quadrants I and II, and only 
answer choice D (–2, 2) is in either of those 
quadrants. 
  

ANSWER:  
a. P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. D 

36. Which of the following is the image of the line 
 under the translation (x, y) → (
)?  

A  
B  
C  
D  

SOLUTION:  
The translation of   can be 
thought of graphically, as a translation of the line 

 one unit to the left and one unit up. This 
would result in the translation graph seen below. The 
resulting line would be  . The correct 
choice is C. 

 

ANSWER:  
C 

37. Which of the following vectors will translate a point 
with the coordinates (3, –5) up and to the left on a 
coordinate plane? 
  
A  
B  
C  
D  

SOLUTION:  
The coordinates of the point do not matter, if a 
translation vector is to move a point up and to the 

left, the vector must be of the form , where a is
negative and b is positive. 
  
The correct answer is choice C. 

ANSWER:  
C 

38. Given a triangle with vertices A(–7, –1), B(–2, –3) 
and C(2, 4), which of the following represents the 
coordinates of the vertices of the image after a 
translation of the triangle 5 units right and 3 units up? 
  
A A(–4, 4), B(1, 2) and C(5, 9) 
B A(–2, 2), B(3, 0) and C(7, 7) 
C A(–12, 2), B(–7, 0) and C(–3, 7) 
D A(–2, –4), B(3, –6) and C(7, 1) 

SOLUTION:  
To translate A(–7, –1), B(–2, –3) and C(2, 4) five 
units right and three units up, add 5 to each x-
coordinate and add 3 to each y-coordinate.  
  
A(–7, –1), B(–2, –3), C(2, 4) → A(–7 + 5, –1 + 3), B
(–2 + 5, –3 + 3), C(2 + 5, 4 + 3)  
which is equivalent to  A(–2, 2), B(3, 0), C(7, 7).  

ANSWER:  
B 

39. Which of the following statements is true for both the
translation  and the translation 

?  
A   A point and its image have the same y-
coordinate. 
B   Points on the x-axis are mapped to other points 
on the x-axis. 
C   The translation vector is . 
D    A point in Quadrant I is mapped to another point
in Quadrant I. 

SOLUTION:  
Option A cannot be true, as the 
translation   would translate 
each y-coordinate up 2 units.  
Option B cannot be true, as the translation 

 would translate the point (2,0) 
to (2,2), a point no longer on the x-axis.  
Option C cannot be true, as the translation vertex 
for   would be , not . 
Option D is the correct choice as any point with 
positive x and y  coordinates will remain positive with 
either translation. Therefore they will remain in 
Quadrant I. 

ANSWER:  
D 

40. What is the distance between any point and its image
under the translation ? 
Round to the nearest tenth. 

SOLUTION:  
The distance between any point and its image are the
same, under the same translation. Therefore, choose 
any point, find its image under the 
translation  , and then use 
the Distance Formula to find the distance between 
these two points.  
  
Example: The image of point  would be 

.  

 
      

ANSWER:  
7.2 

41. Under which of the following translations does the 
image of rectangle JKLM not overlap rectangle 
JKLM? 

               
A     
B    
C    
D     
E     

SOLUTION:  
For JKLM to not overlap its image, the translation of 
the x-coordinates would have to be either more than 
3 or less than negative 3, since the length of the 
rectangle is 3 units. The only choice for which this is 
true is D.  

ANSWER:  
D 

Copy the figure and the given translation 
vector. Then draw the translation of the figure 
along the translation vector. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point B' by marking off this distance along the line 
through vertex B, starting at B and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points C' and D'. 
Then connect vertices B', C', and D' to form the 
translated image. 
  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point W' by marking off this distance along the line 
through vertex W, starting at W and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect vertices W', X ', Y' and Z' to form 
the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

4. trapezoid JKLM with vertices J(2, 4), K(1, 1), L(5, 1)

and M (4, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(2 + 7, 4 + 1), K’(1 + 7, 1 + 1), L’(5 +
7, 1 + 1) and M ’(4 + 7, 4 + 1). 

 

ANSWER:  

 

5.  with vertices D(–8, 8), F(–10, 4), and G(–7, 

6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are D’(–8 + 5, 8 – 2), F’(–10 + 5, 4 – 2), and
G’(–7 + 5, 6 – 2). 

 

ANSWER:  

 

6. parallelogram WXYZ with vertices W(–6, –5), X(–2, –
5), Y(–1, –8), and Z(–5, –8); 

 

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–6 – 1, –5 + 4), X’(–2 – 1, –5 
+ 4), Y’(–1 – 1, –8 + 4), and Z’(–5 – 1, –8 + 4). 
  

   

ANSWER:  

 

7. VIDEO GAMES The object of the video game 
shown is to manipulate the colored tiles left or right 
as they fall from the top of the screen to completely 
fill each row without leaving empty spaces. If the 
starting position of the tile piece at the top of the 
screen is (x, y), use function notation to describe the 
translation that will fill the indicated row. 

 

SOLUTION:  
There is only one block space for the row to be 
complete. For the object to fit in the place, it should 
be moved 3 places right and 5 places down. So, the 

translation vector should be  

Therefore, the translation is  

ANSWER:  
 

TOOLS  Copy the figure and the given 
translation vector. Then draw the translation of 
the figure along the translation vector. 

8.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point J' by marking off this distance along the line 
through vertex J, starting at J and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect vertices J', K',  L', and M' to form
the translated image. 

 

ANSWER:  

 

9.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point A ' by marking off this distance along the line 
through vertex A , starting at A  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points B' and C'. 
Then connect vertices A ', B', and C' to form the 
translated image. 

 

ANSWER:  

 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
  
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point X ' by marking off this distance along the line 
through vertex X , starting at X  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect vertices X ', Y', and Z' to form the 
translated image. 

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point D' by marking off this distance along the line 
through vertex D, starting at D and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect vertices D', F', G' and H' to form 
the translated image. 

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point V' by marking off this distance along the line 
through vertex V, starting at V and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect vertices V', W', X ', Y' and Z' 
to form the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

14.  with vertices A(1, 6), B(3, 2), and C(4, 

7);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are A’(1 + 4, 6 – 1), B’(3 + 4, 2 – 1), and 
C’(4 + 4, 7 – 1). 

 

ANSWER:  

 

15.  with vertices M (4, –5), N(5, –8), and P(8, –
6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are M ’(4 – 2, –5 + 5), N’(5 – 2, –8 + 5), and 
P’(8 – , –6 + 5). 

 

ANSWER:  

 

16. rectangle QRST with vertices Q(–8, 4), R(–8, 2), S(–
3, 2), and T(–3, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
rectangle are Q’(–8 + 2, 4 + 3), R’(–8 + 2, 2 + 3), 
S’(–3 + 2, 2 + 3), and T’(–3 + 2, 4 + 3). 

 

ANSWER:  

 

17. quadrilateral FGHJ with vertices F(–4, –2), G(–1, –
1), H(0, –4), and J(–3, –6);  

SOLUTION:  
The coordinates of the vertices of the translated 
quadrilateral are F’(–4 – 5, –2 – 2), G’(–1 – 5, –1 – 
2), H’(0 – 5, –4 – 2), and J’(–3 – 5, –6 – 2). 

 

ANSWER:  

 

18.  with vertices W(–3, –1), X(1, –1), Y(2, –4), 

and Z(–2, –4);  

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–3 – 3, –1 + 4), X’(1 – 3, –1 + 
4), Y’(2 – 3, –4 + 4), and Z’(–2 – 3, –4 + 4). 

 

ANSWER:  

 

19. trapezoid JKLM with vertices J(–4, –2), K(–1, –2), L

(0, –5), and M (–5, –5);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(–4 + 6, –2 + 5), K’(–1 + 6, –2 + 5), 
L’(0 + 6, –5 + 5), and M ’(–5 + 6, –5 + 5). 

 

ANSWER:  

 

20. PROBLEM SOLVING Brittany’s neighborhood is 
shown on the grid at the right. 

 
a. If she leaves home and travels 4 blocks north and 
3 blocks east, what is her new location? 
b. Use words to describe two possible translations 
that will take Brittany home from school. 

SOLUTION:  
a. Since the north side is marked upwards, travelling 
4 blocks north and 3 blocks east means moving 4 
blocks up and 3 blocks right. The point 4 blocks up 
and 3 blocks right to the home is the library. 
Therefore, her new location will be the library. 
b. The resultant vector must be . Any 
combination of vectors that form this resultant vector
will be satisfactory. 
  
 She can go west 5 blocks and then south 1 block, or 
she can go south 1 block and then west 5 blocks to 
reach the school. 

ANSWER:  
a. Library 
b. Sample answer: She can go west 5 blocks and 
then south 1 block, or she can go south 1 block and 
then west 5 blocks. 

21. FOOTBALL A wide receiver starts from his 15-
yard line on the right hash mark and runs a route that
takes him 12 yards to the left and down field for a 
gain of 17 yards. Write a translation vector to 
describe the receiver’s route. 

 

SOLUTION:  
The receiver starts on the right hash of the 15-yard 
line and moves 12 yards left and then 17 yards down 
field, or upwards as shown in the diagram.  

 
So, a translation vector that represents the receiver's 

route would be    

ANSWER:  
 

22. MULTI-STEP Each type of chess piece has a rule
for how it can be moved. A knight can move two 
squares horizontally and then one square vertically, 
or two squares vertically and one square 
horizontally. The bishop can only move diagonally. 
When a chess piece moves to a space that is 
occupied by an opponent’s piece, it is attacking that
piece. 

                            
a. What is the maximum number of knights that 
could be placed on an 8 by 8 chessboard so that 
none of the pieces can attack each other? What is 
the maximum number of bishops?  
b. Explain your solution process.  

SOLUTION:  
a-b.  I began by analyzing the movements of a single
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. Therefore,  is the 
maximum number of knight on an 8 by 8 
chessboard so that none can attack each other.  
      The bishops can move diagonally in any 
direction. I began by filling the entire first row of the 
chessboard with bishops. I crossed off all of the 
squares that could no longer be occupied by 
another bishop. From the remaining spaces 
available, you can fit the most bishops along the last 
row. Because the first and last square on the row 
can be attacked by a bishop on the opposite side of
the board, there are only 6 spaces available. So, 14
bishops can occupy a chessboard without being 
able to attack one another. 

 

ANSWER:  
a.  32; 14 
b. I began by analyzing the movements of a single 
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. The bishops can move 
diagonally in any direction. I began by filling the 
entire first row of the chessboard with bishops. I 
crossed off all of the squares that could no longer 
be occupied by another bishop. From the remaining
spaces available, you can fit the most bishops along 
the last row. Because the first and last square on the
row can be attacked by a bishop on the opposite 
side of the board, there are only 6 spaces available. 
So, 14 bishops can occupy a chessboard without 
being able to attack one another. 

Write each translation vector that maps the 
blue preimage to the green image. 

23.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue triangle is at (–2, 4). The top vertex of the green
triangle is at (1, –1), Subtract the coordinates. 
  
1 – (–2) = 3 
–1 – 4 = –5 
  
The triangle has been translated 3 units right and 5 

units down. So, the translation vector is  

ANSWER:  
 

24.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue pentagon is at (2, 0). The top vertex of the green
pentagon is at (–4, 4), Subtract the coordinates. 
  
–4 – (2) = –6 
4 – 0 = 4 
  
The pentagon has been translated 6 units left and 4 

units up. So, the translation vector is  

ANSWER:  
 

25. CONCERTS Dexter’s family buys tickets every 
year for a concert. Last year they were in seats C3, 
C4, C5, and C6. This year, they will be in seats D16, 
D17, D18, and D19. Write a translation in words and 
using vector notation that can be used to describe the
change in their seating. 

 

SOLUTION:  
Pick a seat from the new row and compare it to the 
corresponding seat in the previous row. The seat 
D16 is 13 seats right and 1 row back to C3. 
Therefore, the translation vector can be represented 

as  

ANSWER:  
They move to the right 13 seats and back one row; 

 

SENSE-MAKING Graph the translation of each
function along the given vector. Then write the 
equation of the translated image. 

26.   

 

SOLUTION:  

The translation of translates each point of 

 4 units right and 1 unit up. Thus,  the vertex 
of (0, 0) will translate to (4, 1). (1, 1) translates to (5, 
2) and (–1, 1) translates to (3, 2), etc. 
  

 
The equation for the translated function is y  = (x – 4)
2
 + 1. 

ANSWER:  

 
y = (x – 4)

2
 + 1 

27.   

 

SOLUTION:  

The translation of    translates each point of 

 2 units left. Thus,  the intercept of (0, 0) 
will translate to (–2, 0). (1, –1) translates to (–1, –1) 
and (–1, 1) translates to (–3, 1), etc. 
  

 
The equation of the translated function is y  = –(x + 

2)
3. 

ANSWER:  

 
y = –(x + 2)

3 

28. ROLLER COASTERS The length of the roller 
coaster track from the top of a hill to the bottom of 
the hill is 125 feet at a 53° angle with the vertical. If 
the position at the top of the hill is (x, y), use function 
notation to describe the translation to the bottom of 
the hill. Round to the nearest foot. 

SOLUTION:  
We have a triangle as shown. 

 
Use trigonometric ratios to find the vertical and 
horizontal changes of the coordinates of points from 
A to B. 
  

 

  
The vertex B is 75 ft down and 100 ft left to A. 
Therefore, the translation is (x, y) → (x – 75, y  – 
100). 

ANSWER:  
(x, y) → (x + 75, y  – 100) 

29. MULTIPLE REPRESENTATIONS In this 
problem, you will investigate reflections over a pair of
parallel lines. 

 
a. GEOMETRIC On patty paper, draw and 
a pair of vertical lines  l and m. Reflect in line l  by 
folding the patty paper. Then reflect, , in line 

m. Label the final image . 

b. GEOMETRIC Repeat the process in part a for 

reflected in vertical lines n and p  and 

 reflected in vertical lines q and r. 
c. TABULAR Copy and complete the table below. 

 
d. VERBAL Describe the result of two reflections 
in two vertical lines using one transformation. 

SOLUTION:  
a. 
Step 1: Draw ABC and line l and line m.  
Step 2: Fold the paper on line l.  Sketch the figure 
A'B'C'. 
Step 3: Fold the paper on line m.  Sketch the figure 
A''B''C''. 

 
  
b. 
Draw another triangle DEF and line n and line p  . 
Reflect twice following the steps in part a.  

 
  
Draw another triangle JKL and line q and line r . 
Reflect twice following the steps in part a.  
  

 
  
c. 

   
  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

ANSWER:  
a. 

 
b. 

 

 

c.  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

30. REASONING Determine a rule to find the final 
image of a point that is translated along 

and then . 

SOLUTION:  

Translating along  and then along   is 

same as translating along . Therefore, 

the translation vector is  

ANSWER:  
 

31. CHALLENGE A line y  = mx + b is translated using

the vector . Write the equation of the translated

line. What is the value of the y-intercept? 

SOLUTION:  

The vector  maps the point (x, y) → (x + a, y  +

b).  
  
Step 1: Identify two points on the line y  = mx + b. 

When x = 0, y  = b. When y  = 0, x = . So two 

points on the line y  = mx + b are (0, b) and ( , 
0).  
  
Step 2: Find the location of these points under the 
vector translation .  

(0, b) → (0 + a, b + b) → (a, 2b) 
  

( , 0) → (  + a, 0 + b) → (  + a, b) 
  
Step 3: Use these points to determine the equation 
of the translated line.  
  

 
  
Since the line is translated with its orientation 
unchanged we would expect the slope of the line to 
remain unchanged. Substituting the point (a, 2b) into
the equation  we will find   , the y -
intercept of the translated line.  

 
  
Note that if we had used the second point on the 
translated line, we would have arrived at the same 
value for the new y -intercept. 

 
  
Substituting the value of the new y -intercept into the
equation, we arrive at the equation for the translated
line.  

 
Combine like terms.  

 

ANSWER:  

y = m(x – a) + 2b; 2b – ma 

32. OPEN-ENDED Draw a figure on the coordinate 
plane so that the figure has the same orientation after
it is reflected in the line y  = 1. Explain what must be 
true in order for this to occur. 

SOLUTION:  
Draw figure ABCD with vertices at  A(–4, 8), B (4, 
8), C (4, 4), and D(–, 4). Draw the line y  = 1. 

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

 
In order for the figures ABCD and A'B'C'D' to be the
same, they must match up when you fold the grid in 
half horizontally at the y = 1 line. 

ANSWER:  

 
Sample answer: in order for the figure to be the 
same, it must match up when you fold it in half 
horizontally at the y  = 1 line. 

33. WRITING IN MATH Compare and contrast 
function notation and vector notation for translations. 

SOLUTION:  
Both vector notation and function notation describe 
the distance a figure is translated in the horizontal 
and vertical directions. Vector notation only 
describes the movement. It does not determine the 
beginning and ending locations. Function notation 
does both. It will give the initial point, the distance of 
the horizontal and vertical translation, and the ending 
point. For example, the translation a units to the right 
and b units up from the point (x, y) would be written 

 in vector notation and (x, y) → (x + a, y  + b) 

in function notation. 

ANSWER:  
Sample answer: Both vector notation and function 
notation describe the distance a figure is translated in
the horizontal and vertical directions. Vector notation 
does not give a rule in terms of initial location, but 
function notation does. For example, the translation a 
units to the right and b units up from the point (x, y) 

would be written  in vector notation and (x, y) 

→ (x + a, y  + b) in function notation. 

34. WRITING IN MATH Recall from Lesson 3-1 that
an invariant point maps onto itself. Can invariant 
points occur with translations? Explain why or why 
not. 

SOLUTION:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

ANSWER:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

35. On a grid triangle PQR has vertices P(2, 1), Q(3, –
1), and R(–1, –2) as shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). Find the coordinates of the vertices of triangle 
P'Q'R'. 
  
P' =  
Q' =  
R' =  
  
b. Which point lies in the interior of triangle P'Q'R'? 
A (0, –1) 
B (2, –4) 
C (–2, –4) 
D (–2, 2) 

SOLUTION:  
PQR has vertices P(2, 1), Q(3, –1), and R(–1, –2) as
shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). So the coordinates of the vertices of triangle 
P'Q'R' can be found by subtracting 2 from each x-
coordinate and adding 3 to each y-coordinate. 
  
P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. To find which point lies in the interior of triangle 
P'Q'R', either plot the image triangle on the 
coordinate plane and check, or notice that all of the 
image triangle is in quadrants I and II, and only 
answer choice D (–2, 2) is in either of those 
quadrants. 
  

ANSWER:  
a. P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. D 

36. Which of the following is the image of the line 
 under the translation (x, y) → (
)?  

A  
B  
C  
D  

SOLUTION:  
The translation of   can be 
thought of graphically, as a translation of the line 

 one unit to the left and one unit up. This 
would result in the translation graph seen below. The 
resulting line would be  . The correct 
choice is C. 

 

ANSWER:  
C 

37. Which of the following vectors will translate a point 
with the coordinates (3, –5) up and to the left on a 
coordinate plane? 
  
A  
B  
C  
D  

SOLUTION:  
The coordinates of the point do not matter, if a 
translation vector is to move a point up and to the 

left, the vector must be of the form , where a is
negative and b is positive. 
  
The correct answer is choice C. 

ANSWER:  
C 

38. Given a triangle with vertices A(–7, –1), B(–2, –3) 
and C(2, 4), which of the following represents the 
coordinates of the vertices of the image after a 
translation of the triangle 5 units right and 3 units up? 
  
A A(–4, 4), B(1, 2) and C(5, 9) 
B A(–2, 2), B(3, 0) and C(7, 7) 
C A(–12, 2), B(–7, 0) and C(–3, 7) 
D A(–2, –4), B(3, –6) and C(7, 1) 

SOLUTION:  
To translate A(–7, –1), B(–2, –3) and C(2, 4) five 
units right and three units up, add 5 to each x-
coordinate and add 3 to each y-coordinate.  
  
A(–7, –1), B(–2, –3), C(2, 4) → A(–7 + 5, –1 + 3), B
(–2 + 5, –3 + 3), C(2 + 5, 4 + 3)  
which is equivalent to  A(–2, 2), B(3, 0), C(7, 7).  

ANSWER:  
B 

39. Which of the following statements is true for both the
translation  and the translation 

?  
A   A point and its image have the same y-
coordinate. 
B   Points on the x-axis are mapped to other points 
on the x-axis. 
C   The translation vector is . 
D    A point in Quadrant I is mapped to another point
in Quadrant I. 

SOLUTION:  
Option A cannot be true, as the 
translation   would translate 
each y-coordinate up 2 units.  
Option B cannot be true, as the translation 

 would translate the point (2,0) 
to (2,2), a point no longer on the x-axis.  
Option C cannot be true, as the translation vertex 
for   would be , not . 
Option D is the correct choice as any point with 
positive x and y  coordinates will remain positive with 
either translation. Therefore they will remain in 
Quadrant I. 

ANSWER:  
D 

40. What is the distance between any point and its image
under the translation ? 
Round to the nearest tenth. 

SOLUTION:  
The distance between any point and its image are the
same, under the same translation. Therefore, choose 
any point, find its image under the 
translation  , and then use 
the Distance Formula to find the distance between 
these two points.  
  
Example: The image of point  would be 

.  

 
      

ANSWER:  
7.2 

41. Under which of the following translations does the 
image of rectangle JKLM not overlap rectangle 
JKLM? 

               
A     
B    
C    
D     
E     

SOLUTION:  
For JKLM to not overlap its image, the translation of 
the x-coordinates would have to be either more than 
3 or less than negative 3, since the length of the 
rectangle is 3 units. The only choice for which this is 
true is D.  

ANSWER:  
D 
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3-2 Translations 



Copy the figure and the given translation 
vector. Then draw the translation of the figure 
along the translation vector. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point B' by marking off this distance along the line 
through vertex B, starting at B and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points C' and D'. 
Then connect vertices B', C', and D' to form the 
translated image. 
  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point W' by marking off this distance along the line 
through vertex W, starting at W and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect vertices W', X ', Y' and Z' to form 
the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

4. trapezoid JKLM with vertices J(2, 4), K(1, 1), L(5, 1)

and M (4, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(2 + 7, 4 + 1), K’(1 + 7, 1 + 1), L’(5 +
7, 1 + 1) and M ’(4 + 7, 4 + 1). 

 

ANSWER:  

 

5.  with vertices D(–8, 8), F(–10, 4), and G(–7, 

6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are D’(–8 + 5, 8 – 2), F’(–10 + 5, 4 – 2), and
G’(–7 + 5, 6 – 2). 

 

ANSWER:  

 

6. parallelogram WXYZ with vertices W(–6, –5), X(–2, –
5), Y(–1, –8), and Z(–5, –8); 

 

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–6 – 1, –5 + 4), X’(–2 – 1, –5 
+ 4), Y’(–1 – 1, –8 + 4), and Z’(–5 – 1, –8 + 4). 
  

   

ANSWER:  

 

7. VIDEO GAMES The object of the video game 
shown is to manipulate the colored tiles left or right 
as they fall from the top of the screen to completely 
fill each row without leaving empty spaces. If the 
starting position of the tile piece at the top of the 
screen is (x, y), use function notation to describe the 
translation that will fill the indicated row. 

 

SOLUTION:  
There is only one block space for the row to be 
complete. For the object to fit in the place, it should 
be moved 3 places right and 5 places down. So, the 

translation vector should be  

Therefore, the translation is  

ANSWER:  
 

TOOLS  Copy the figure and the given 
translation vector. Then draw the translation of 
the figure along the translation vector. 

8.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point J' by marking off this distance along the line 
through vertex J, starting at J and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect vertices J', K',  L', and M' to form
the translated image. 

 

ANSWER:  

 

9.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point A ' by marking off this distance along the line 
through vertex A , starting at A  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points B' and C'. 
Then connect vertices A ', B', and C' to form the 
translated image. 

 

ANSWER:  

 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
  
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point X ' by marking off this distance along the line 
through vertex X , starting at X  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect vertices X ', Y', and Z' to form the 
translated image. 

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point D' by marking off this distance along the line 
through vertex D, starting at D and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect vertices D', F', G' and H' to form 
the translated image. 

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point V' by marking off this distance along the line 
through vertex V, starting at V and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect vertices V', W', X ', Y' and Z' 
to form the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

14.  with vertices A(1, 6), B(3, 2), and C(4, 

7);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are A’(1 + 4, 6 – 1), B’(3 + 4, 2 – 1), and 
C’(4 + 4, 7 – 1). 

 

ANSWER:  

 

15.  with vertices M (4, –5), N(5, –8), and P(8, –
6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are M ’(4 – 2, –5 + 5), N’(5 – 2, –8 + 5), and 
P’(8 – , –6 + 5). 

 

ANSWER:  

 

16. rectangle QRST with vertices Q(–8, 4), R(–8, 2), S(–
3, 2), and T(–3, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
rectangle are Q’(–8 + 2, 4 + 3), R’(–8 + 2, 2 + 3), 
S’(–3 + 2, 2 + 3), and T’(–3 + 2, 4 + 3). 

 

ANSWER:  

 

17. quadrilateral FGHJ with vertices F(–4, –2), G(–1, –
1), H(0, –4), and J(–3, –6);  

SOLUTION:  
The coordinates of the vertices of the translated 
quadrilateral are F’(–4 – 5, –2 – 2), G’(–1 – 5, –1 – 
2), H’(0 – 5, –4 – 2), and J’(–3 – 5, –6 – 2). 

 

ANSWER:  

 

18.  with vertices W(–3, –1), X(1, –1), Y(2, –4), 

and Z(–2, –4);  

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–3 – 3, –1 + 4), X’(1 – 3, –1 + 
4), Y’(2 – 3, –4 + 4), and Z’(–2 – 3, –4 + 4). 

 

ANSWER:  

 

19. trapezoid JKLM with vertices J(–4, –2), K(–1, –2), L

(0, –5), and M (–5, –5);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(–4 + 6, –2 + 5), K’(–1 + 6, –2 + 5), 
L’(0 + 6, –5 + 5), and M ’(–5 + 6, –5 + 5). 

 

ANSWER:  

 

20. PROBLEM SOLVING Brittany’s neighborhood is 
shown on the grid at the right. 

 
a. If she leaves home and travels 4 blocks north and 
3 blocks east, what is her new location? 
b. Use words to describe two possible translations 
that will take Brittany home from school. 

SOLUTION:  
a. Since the north side is marked upwards, travelling 
4 blocks north and 3 blocks east means moving 4 
blocks up and 3 blocks right. The point 4 blocks up 
and 3 blocks right to the home is the library. 
Therefore, her new location will be the library. 
b. The resultant vector must be . Any 
combination of vectors that form this resultant vector
will be satisfactory. 
  
 She can go west 5 blocks and then south 1 block, or 
she can go south 1 block and then west 5 blocks to 
reach the school. 

ANSWER:  
a. Library 
b. Sample answer: She can go west 5 blocks and 
then south 1 block, or she can go south 1 block and 
then west 5 blocks. 

21. FOOTBALL A wide receiver starts from his 15-
yard line on the right hash mark and runs a route that
takes him 12 yards to the left and down field for a 
gain of 17 yards. Write a translation vector to 
describe the receiver’s route. 

 

SOLUTION:  
The receiver starts on the right hash of the 15-yard 
line and moves 12 yards left and then 17 yards down 
field, or upwards as shown in the diagram.  

 
So, a translation vector that represents the receiver's 

route would be    

ANSWER:  
 

22. MULTI-STEP Each type of chess piece has a rule
for how it can be moved. A knight can move two 
squares horizontally and then one square vertically, 
or two squares vertically and one square 
horizontally. The bishop can only move diagonally. 
When a chess piece moves to a space that is 
occupied by an opponent’s piece, it is attacking that
piece. 

                            
a. What is the maximum number of knights that 
could be placed on an 8 by 8 chessboard so that 
none of the pieces can attack each other? What is 
the maximum number of bishops?  
b. Explain your solution process.  

SOLUTION:  
a-b.  I began by analyzing the movements of a single
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. Therefore,  is the 
maximum number of knight on an 8 by 8 
chessboard so that none can attack each other.  
      The bishops can move diagonally in any 
direction. I began by filling the entire first row of the 
chessboard with bishops. I crossed off all of the 
squares that could no longer be occupied by 
another bishop. From the remaining spaces 
available, you can fit the most bishops along the last 
row. Because the first and last square on the row 
can be attacked by a bishop on the opposite side of
the board, there are only 6 spaces available. So, 14
bishops can occupy a chessboard without being 
able to attack one another. 

 

ANSWER:  
a.  32; 14 
b. I began by analyzing the movements of a single 
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. The bishops can move 
diagonally in any direction. I began by filling the 
entire first row of the chessboard with bishops. I 
crossed off all of the squares that could no longer 
be occupied by another bishop. From the remaining
spaces available, you can fit the most bishops along 
the last row. Because the first and last square on the
row can be attacked by a bishop on the opposite 
side of the board, there are only 6 spaces available. 
So, 14 bishops can occupy a chessboard without 
being able to attack one another. 

Write each translation vector that maps the 
blue preimage to the green image. 

23.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue triangle is at (–2, 4). The top vertex of the green
triangle is at (1, –1), Subtract the coordinates. 
  
1 – (–2) = 3 
–1 – 4 = –5 
  
The triangle has been translated 3 units right and 5 

units down. So, the translation vector is  

ANSWER:  
 

24.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue pentagon is at (2, 0). The top vertex of the green
pentagon is at (–4, 4), Subtract the coordinates. 
  
–4 – (2) = –6 
4 – 0 = 4 
  
The pentagon has been translated 6 units left and 4 

units up. So, the translation vector is  

ANSWER:  
 

25. CONCERTS Dexter’s family buys tickets every 
year for a concert. Last year they were in seats C3, 
C4, C5, and C6. This year, they will be in seats D16, 
D17, D18, and D19. Write a translation in words and 
using vector notation that can be used to describe the
change in their seating. 

 

SOLUTION:  
Pick a seat from the new row and compare it to the 
corresponding seat in the previous row. The seat 
D16 is 13 seats right and 1 row back to C3. 
Therefore, the translation vector can be represented 

as  

ANSWER:  
They move to the right 13 seats and back one row; 

 

SENSE-MAKING Graph the translation of each
function along the given vector. Then write the 
equation of the translated image. 

26.   

 

SOLUTION:  

The translation of translates each point of 

 4 units right and 1 unit up. Thus,  the vertex 
of (0, 0) will translate to (4, 1). (1, 1) translates to (5, 
2) and (–1, 1) translates to (3, 2), etc. 
  

 
The equation for the translated function is y  = (x – 4)
2
 + 1. 

ANSWER:  

 
y = (x – 4)

2
 + 1 

27.   

 

SOLUTION:  

The translation of    translates each point of 

 2 units left. Thus,  the intercept of (0, 0) 
will translate to (–2, 0). (1, –1) translates to (–1, –1) 
and (–1, 1) translates to (–3, 1), etc. 
  

 
The equation of the translated function is y  = –(x + 

2)
3. 

ANSWER:  

 
y = –(x + 2)

3 

28. ROLLER COASTERS The length of the roller 
coaster track from the top of a hill to the bottom of 
the hill is 125 feet at a 53° angle with the vertical. If 
the position at the top of the hill is (x, y), use function 
notation to describe the translation to the bottom of 
the hill. Round to the nearest foot. 

SOLUTION:  
We have a triangle as shown. 

 
Use trigonometric ratios to find the vertical and 
horizontal changes of the coordinates of points from 
A to B. 
  

 

  
The vertex B is 75 ft down and 100 ft left to A. 
Therefore, the translation is (x, y) → (x – 75, y  – 
100). 

ANSWER:  
(x, y) → (x + 75, y  – 100) 

29. MULTIPLE REPRESENTATIONS In this 
problem, you will investigate reflections over a pair of
parallel lines. 

 
a. GEOMETRIC On patty paper, draw and 
a pair of vertical lines  l and m. Reflect in line l  by 
folding the patty paper. Then reflect, , in line 

m. Label the final image . 

b. GEOMETRIC Repeat the process in part a for 

reflected in vertical lines n and p  and 

 reflected in vertical lines q and r. 
c. TABULAR Copy and complete the table below. 

 
d. VERBAL Describe the result of two reflections 
in two vertical lines using one transformation. 

SOLUTION:  
a. 
Step 1: Draw ABC and line l and line m.  
Step 2: Fold the paper on line l.  Sketch the figure 
A'B'C'. 
Step 3: Fold the paper on line m.  Sketch the figure 
A''B''C''. 

 
  
b. 
Draw another triangle DEF and line n and line p  . 
Reflect twice following the steps in part a.  

 
  
Draw another triangle JKL and line q and line r . 
Reflect twice following the steps in part a.  
  

 
  
c. 

   
  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

ANSWER:  
a. 

 
b. 

 

 

c.  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

30. REASONING Determine a rule to find the final 
image of a point that is translated along 

and then . 

SOLUTION:  

Translating along  and then along   is 

same as translating along . Therefore, 

the translation vector is  

ANSWER:  
 

31. CHALLENGE A line y  = mx + b is translated using

the vector . Write the equation of the translated

line. What is the value of the y-intercept? 

SOLUTION:  

The vector  maps the point (x, y) → (x + a, y  +

b).  
  
Step 1: Identify two points on the line y  = mx + b. 

When x = 0, y  = b. When y  = 0, x = . So two 

points on the line y  = mx + b are (0, b) and ( , 
0).  
  
Step 2: Find the location of these points under the 
vector translation .  

(0, b) → (0 + a, b + b) → (a, 2b) 
  

( , 0) → (  + a, 0 + b) → (  + a, b) 
  
Step 3: Use these points to determine the equation 
of the translated line.  
  

 
  
Since the line is translated with its orientation 
unchanged we would expect the slope of the line to 
remain unchanged. Substituting the point (a, 2b) into
the equation  we will find   , the y -
intercept of the translated line.  

 
  
Note that if we had used the second point on the 
translated line, we would have arrived at the same 
value for the new y -intercept. 

 
  
Substituting the value of the new y -intercept into the
equation, we arrive at the equation for the translated
line.  

 
Combine like terms.  

 

ANSWER:  

y = m(x – a) + 2b; 2b – ma 

32. OPEN-ENDED Draw a figure on the coordinate 
plane so that the figure has the same orientation after
it is reflected in the line y  = 1. Explain what must be 
true in order for this to occur. 

SOLUTION:  
Draw figure ABCD with vertices at  A(–4, 8), B (4, 
8), C (4, 4), and D(–, 4). Draw the line y  = 1. 

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

 
In order for the figures ABCD and A'B'C'D' to be the
same, they must match up when you fold the grid in 
half horizontally at the y = 1 line. 

ANSWER:  

 
Sample answer: in order for the figure to be the 
same, it must match up when you fold it in half 
horizontally at the y  = 1 line. 

33. WRITING IN MATH Compare and contrast 
function notation and vector notation for translations. 

SOLUTION:  
Both vector notation and function notation describe 
the distance a figure is translated in the horizontal 
and vertical directions. Vector notation only 
describes the movement. It does not determine the 
beginning and ending locations. Function notation 
does both. It will give the initial point, the distance of 
the horizontal and vertical translation, and the ending 
point. For example, the translation a units to the right 
and b units up from the point (x, y) would be written 

 in vector notation and (x, y) → (x + a, y  + b) 

in function notation. 

ANSWER:  
Sample answer: Both vector notation and function 
notation describe the distance a figure is translated in
the horizontal and vertical directions. Vector notation 
does not give a rule in terms of initial location, but 
function notation does. For example, the translation a 
units to the right and b units up from the point (x, y) 

would be written  in vector notation and (x, y) 

→ (x + a, y  + b) in function notation. 

34. WRITING IN MATH Recall from Lesson 3-1 that
an invariant point maps onto itself. Can invariant 
points occur with translations? Explain why or why 
not. 

SOLUTION:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

ANSWER:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

35. On a grid triangle PQR has vertices P(2, 1), Q(3, –
1), and R(–1, –2) as shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). Find the coordinates of the vertices of triangle 
P'Q'R'. 
  
P' =  
Q' =  
R' =  
  
b. Which point lies in the interior of triangle P'Q'R'? 
A (0, –1) 
B (2, –4) 
C (–2, –4) 
D (–2, 2) 

SOLUTION:  
PQR has vertices P(2, 1), Q(3, –1), and R(–1, –2) as
shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). So the coordinates of the vertices of triangle 
P'Q'R' can be found by subtracting 2 from each x-
coordinate and adding 3 to each y-coordinate. 
  
P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. To find which point lies in the interior of triangle 
P'Q'R', either plot the image triangle on the 
coordinate plane and check, or notice that all of the 
image triangle is in quadrants I and II, and only 
answer choice D (–2, 2) is in either of those 
quadrants. 
  

ANSWER:  
a. P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. D 

36. Which of the following is the image of the line 
 under the translation (x, y) → (
)?  

A  
B  
C  
D  

SOLUTION:  
The translation of   can be 
thought of graphically, as a translation of the line 

 one unit to the left and one unit up. This 
would result in the translation graph seen below. The 
resulting line would be  . The correct 
choice is C. 

 

ANSWER:  
C 

37. Which of the following vectors will translate a point 
with the coordinates (3, –5) up and to the left on a 
coordinate plane? 
  
A  
B  
C  
D  

SOLUTION:  
The coordinates of the point do not matter, if a 
translation vector is to move a point up and to the 

left, the vector must be of the form , where a is
negative and b is positive. 
  
The correct answer is choice C. 

ANSWER:  
C 

38. Given a triangle with vertices A(–7, –1), B(–2, –3) 
and C(2, 4), which of the following represents the 
coordinates of the vertices of the image after a 
translation of the triangle 5 units right and 3 units up? 
  
A A(–4, 4), B(1, 2) and C(5, 9) 
B A(–2, 2), B(3, 0) and C(7, 7) 
C A(–12, 2), B(–7, 0) and C(–3, 7) 
D A(–2, –4), B(3, –6) and C(7, 1) 

SOLUTION:  
To translate A(–7, –1), B(–2, –3) and C(2, 4) five 
units right and three units up, add 5 to each x-
coordinate and add 3 to each y-coordinate.  
  
A(–7, –1), B(–2, –3), C(2, 4) → A(–7 + 5, –1 + 3), B
(–2 + 5, –3 + 3), C(2 + 5, 4 + 3)  
which is equivalent to  A(–2, 2), B(3, 0), C(7, 7).  

ANSWER:  
B 

39. Which of the following statements is true for both the
translation  and the translation 

?  
A   A point and its image have the same y-
coordinate. 
B   Points on the x-axis are mapped to other points 
on the x-axis. 
C   The translation vector is . 
D    A point in Quadrant I is mapped to another point
in Quadrant I. 

SOLUTION:  
Option A cannot be true, as the 
translation   would translate 
each y-coordinate up 2 units.  
Option B cannot be true, as the translation 

 would translate the point (2,0) 
to (2,2), a point no longer on the x-axis.  
Option C cannot be true, as the translation vertex 
for   would be , not . 
Option D is the correct choice as any point with 
positive x and y  coordinates will remain positive with 
either translation. Therefore they will remain in 
Quadrant I. 

ANSWER:  
D 

40. What is the distance between any point and its image
under the translation ? 
Round to the nearest tenth. 

SOLUTION:  
The distance between any point and its image are the
same, under the same translation. Therefore, choose 
any point, find its image under the 
translation  , and then use 
the Distance Formula to find the distance between 
these two points.  
  
Example: The image of point  would be 

.  

 
      

ANSWER:  
7.2 

41. Under which of the following translations does the 
image of rectangle JKLM not overlap rectangle 
JKLM? 

               
A     
B    
C    
D     
E     

SOLUTION:  
For JKLM to not overlap its image, the translation of 
the x-coordinates would have to be either more than 
3 or less than negative 3, since the length of the 
rectangle is 3 units. The only choice for which this is 
true is D.  

ANSWER:  
D 

Copy the figure and the given translation 
vector. Then draw the translation of the figure 
along the translation vector. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point B' by marking off this distance along the line 
through vertex B, starting at B and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points C' and D'. 
Then connect vertices B', C', and D' to form the 
translated image. 
  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point W' by marking off this distance along the line 
through vertex W, starting at W and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect vertices W', X ', Y' and Z' to form 
the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

4. trapezoid JKLM with vertices J(2, 4), K(1, 1), L(5, 1)

and M (4, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(2 + 7, 4 + 1), K’(1 + 7, 1 + 1), L’(5 +
7, 1 + 1) and M ’(4 + 7, 4 + 1). 

 

ANSWER:  

 

5.  with vertices D(–8, 8), F(–10, 4), and G(–7, 

6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are D’(–8 + 5, 8 – 2), F’(–10 + 5, 4 – 2), and
G’(–7 + 5, 6 – 2). 

 

ANSWER:  

 

6. parallelogram WXYZ with vertices W(–6, –5), X(–2, –
5), Y(–1, –8), and Z(–5, –8); 

 

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–6 – 1, –5 + 4), X’(–2 – 1, –5 
+ 4), Y’(–1 – 1, –8 + 4), and Z’(–5 – 1, –8 + 4). 
  

   

ANSWER:  

 

7. VIDEO GAMES The object of the video game 
shown is to manipulate the colored tiles left or right 
as they fall from the top of the screen to completely 
fill each row without leaving empty spaces. If the 
starting position of the tile piece at the top of the 
screen is (x, y), use function notation to describe the 
translation that will fill the indicated row. 

 

SOLUTION:  
There is only one block space for the row to be 
complete. For the object to fit in the place, it should 
be moved 3 places right and 5 places down. So, the 

translation vector should be  

Therefore, the translation is  

ANSWER:  
 

TOOLS  Copy the figure and the given 
translation vector. Then draw the translation of 
the figure along the translation vector. 

8.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point J' by marking off this distance along the line 
through vertex J, starting at J and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect vertices J', K',  L', and M' to form
the translated image. 

 

ANSWER:  

 

9.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point A ' by marking off this distance along the line 
through vertex A , starting at A  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points B' and C'. 
Then connect vertices A ', B', and C' to form the 
translated image. 

 

ANSWER:  

 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
  
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point X ' by marking off this distance along the line 
through vertex X , starting at X  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect vertices X ', Y', and Z' to form the 
translated image. 

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point D' by marking off this distance along the line 
through vertex D, starting at D and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect vertices D', F', G' and H' to form 
the translated image. 

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point V' by marking off this distance along the line 
through vertex V, starting at V and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect vertices V', W', X ', Y' and Z' 
to form the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

14.  with vertices A(1, 6), B(3, 2), and C(4, 

7);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are A’(1 + 4, 6 – 1), B’(3 + 4, 2 – 1), and 
C’(4 + 4, 7 – 1). 

 

ANSWER:  

 

15.  with vertices M (4, –5), N(5, –8), and P(8, –
6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are M ’(4 – 2, –5 + 5), N’(5 – 2, –8 + 5), and 
P’(8 – , –6 + 5). 

 

ANSWER:  

 

16. rectangle QRST with vertices Q(–8, 4), R(–8, 2), S(–
3, 2), and T(–3, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
rectangle are Q’(–8 + 2, 4 + 3), R’(–8 + 2, 2 + 3), 
S’(–3 + 2, 2 + 3), and T’(–3 + 2, 4 + 3). 

 

ANSWER:  

 

17. quadrilateral FGHJ with vertices F(–4, –2), G(–1, –
1), H(0, –4), and J(–3, –6);  

SOLUTION:  
The coordinates of the vertices of the translated 
quadrilateral are F’(–4 – 5, –2 – 2), G’(–1 – 5, –1 – 
2), H’(0 – 5, –4 – 2), and J’(–3 – 5, –6 – 2). 

 

ANSWER:  

 

18.  with vertices W(–3, –1), X(1, –1), Y(2, –4), 

and Z(–2, –4);  

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–3 – 3, –1 + 4), X’(1 – 3, –1 + 
4), Y’(2 – 3, –4 + 4), and Z’(–2 – 3, –4 + 4). 

 

ANSWER:  

 

19. trapezoid JKLM with vertices J(–4, –2), K(–1, –2), L

(0, –5), and M (–5, –5);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(–4 + 6, –2 + 5), K’(–1 + 6, –2 + 5), 
L’(0 + 6, –5 + 5), and M ’(–5 + 6, –5 + 5). 

 

ANSWER:  

 

20. PROBLEM SOLVING Brittany’s neighborhood is 
shown on the grid at the right. 

 
a. If she leaves home and travels 4 blocks north and 
3 blocks east, what is her new location? 
b. Use words to describe two possible translations 
that will take Brittany home from school. 

SOLUTION:  
a. Since the north side is marked upwards, travelling 
4 blocks north and 3 blocks east means moving 4 
blocks up and 3 blocks right. The point 4 blocks up 
and 3 blocks right to the home is the library. 
Therefore, her new location will be the library. 
b. The resultant vector must be . Any 
combination of vectors that form this resultant vector
will be satisfactory. 
  
 She can go west 5 blocks and then south 1 block, or 
she can go south 1 block and then west 5 blocks to 
reach the school. 

ANSWER:  
a. Library 
b. Sample answer: She can go west 5 blocks and 
then south 1 block, or she can go south 1 block and 
then west 5 blocks. 

21. FOOTBALL A wide receiver starts from his 15-
yard line on the right hash mark and runs a route that
takes him 12 yards to the left and down field for a 
gain of 17 yards. Write a translation vector to 
describe the receiver’s route. 

 

SOLUTION:  
The receiver starts on the right hash of the 15-yard 
line and moves 12 yards left and then 17 yards down 
field, or upwards as shown in the diagram.  

 
So, a translation vector that represents the receiver's 

route would be    

ANSWER:  
 

22. MULTI-STEP Each type of chess piece has a rule
for how it can be moved. A knight can move two 
squares horizontally and then one square vertically, 
or two squares vertically and one square 
horizontally. The bishop can only move diagonally. 
When a chess piece moves to a space that is 
occupied by an opponent’s piece, it is attacking that
piece. 

                            
a. What is the maximum number of knights that 
could be placed on an 8 by 8 chessboard so that 
none of the pieces can attack each other? What is 
the maximum number of bishops?  
b. Explain your solution process.  

SOLUTION:  
a-b.  I began by analyzing the movements of a single
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. Therefore,  is the 
maximum number of knight on an 8 by 8 
chessboard so that none can attack each other.  
      The bishops can move diagonally in any 
direction. I began by filling the entire first row of the 
chessboard with bishops. I crossed off all of the 
squares that could no longer be occupied by 
another bishop. From the remaining spaces 
available, you can fit the most bishops along the last 
row. Because the first and last square on the row 
can be attacked by a bishop on the opposite side of
the board, there are only 6 spaces available. So, 14
bishops can occupy a chessboard without being 
able to attack one another. 

 

ANSWER:  
a.  32; 14 
b. I began by analyzing the movements of a single 
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. The bishops can move 
diagonally in any direction. I began by filling the 
entire first row of the chessboard with bishops. I 
crossed off all of the squares that could no longer 
be occupied by another bishop. From the remaining
spaces available, you can fit the most bishops along 
the last row. Because the first and last square on the
row can be attacked by a bishop on the opposite 
side of the board, there are only 6 spaces available. 
So, 14 bishops can occupy a chessboard without 
being able to attack one another. 

Write each translation vector that maps the 
blue preimage to the green image. 

23.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue triangle is at (–2, 4). The top vertex of the green
triangle is at (1, –1), Subtract the coordinates. 
  
1 – (–2) = 3 
–1 – 4 = –5 
  
The triangle has been translated 3 units right and 5 

units down. So, the translation vector is  

ANSWER:  
 

24.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue pentagon is at (2, 0). The top vertex of the green
pentagon is at (–4, 4), Subtract the coordinates. 
  
–4 – (2) = –6 
4 – 0 = 4 
  
The pentagon has been translated 6 units left and 4 

units up. So, the translation vector is  

ANSWER:  
 

25. CONCERTS Dexter’s family buys tickets every 
year for a concert. Last year they were in seats C3, 
C4, C5, and C6. This year, they will be in seats D16, 
D17, D18, and D19. Write a translation in words and 
using vector notation that can be used to describe the
change in their seating. 

 

SOLUTION:  
Pick a seat from the new row and compare it to the 
corresponding seat in the previous row. The seat 
D16 is 13 seats right and 1 row back to C3. 
Therefore, the translation vector can be represented 

as  

ANSWER:  
They move to the right 13 seats and back one row; 

 

SENSE-MAKING Graph the translation of each
function along the given vector. Then write the 
equation of the translated image. 

26.   

 

SOLUTION:  

The translation of translates each point of 

 4 units right and 1 unit up. Thus,  the vertex 
of (0, 0) will translate to (4, 1). (1, 1) translates to (5, 
2) and (–1, 1) translates to (3, 2), etc. 
  

 
The equation for the translated function is y  = (x – 4)
2
 + 1. 

ANSWER:  

 
y = (x – 4)

2
 + 1 

27.   

 

SOLUTION:  

The translation of    translates each point of 

 2 units left. Thus,  the intercept of (0, 0) 
will translate to (–2, 0). (1, –1) translates to (–1, –1) 
and (–1, 1) translates to (–3, 1), etc. 
  

 
The equation of the translated function is y  = –(x + 

2)
3. 

ANSWER:  

 
y = –(x + 2)

3 

28. ROLLER COASTERS The length of the roller 
coaster track from the top of a hill to the bottom of 
the hill is 125 feet at a 53° angle with the vertical. If 
the position at the top of the hill is (x, y), use function 
notation to describe the translation to the bottom of 
the hill. Round to the nearest foot. 

SOLUTION:  
We have a triangle as shown. 

 
Use trigonometric ratios to find the vertical and 
horizontal changes of the coordinates of points from 
A to B. 
  

 

  
The vertex B is 75 ft down and 100 ft left to A. 
Therefore, the translation is (x, y) → (x – 75, y  – 
100). 

ANSWER:  
(x, y) → (x + 75, y  – 100) 

29. MULTIPLE REPRESENTATIONS In this 
problem, you will investigate reflections over a pair of
parallel lines. 

 
a. GEOMETRIC On patty paper, draw and 
a pair of vertical lines  l and m. Reflect in line l  by 
folding the patty paper. Then reflect, , in line 

m. Label the final image . 

b. GEOMETRIC Repeat the process in part a for 

reflected in vertical lines n and p  and 

 reflected in vertical lines q and r. 
c. TABULAR Copy and complete the table below. 

 
d. VERBAL Describe the result of two reflections 
in two vertical lines using one transformation. 

SOLUTION:  
a. 
Step 1: Draw ABC and line l and line m.  
Step 2: Fold the paper on line l.  Sketch the figure 
A'B'C'. 
Step 3: Fold the paper on line m.  Sketch the figure 
A''B''C''. 

 
  
b. 
Draw another triangle DEF and line n and line p  . 
Reflect twice following the steps in part a.  

 
  
Draw another triangle JKL and line q and line r . 
Reflect twice following the steps in part a.  
  

 
  
c. 

   
  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

ANSWER:  
a. 

 
b. 

 

 

c.  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

30. REASONING Determine a rule to find the final 
image of a point that is translated along 

and then . 

SOLUTION:  

Translating along  and then along   is 

same as translating along . Therefore, 

the translation vector is  

ANSWER:  
 

31. CHALLENGE A line y  = mx + b is translated using

the vector . Write the equation of the translated

line. What is the value of the y-intercept? 

SOLUTION:  

The vector  maps the point (x, y) → (x + a, y  +

b).  
  
Step 1: Identify two points on the line y  = mx + b. 

When x = 0, y  = b. When y  = 0, x = . So two 

points on the line y  = mx + b are (0, b) and ( , 
0).  
  
Step 2: Find the location of these points under the 
vector translation .  

(0, b) → (0 + a, b + b) → (a, 2b) 
  

( , 0) → (  + a, 0 + b) → (  + a, b) 
  
Step 3: Use these points to determine the equation 
of the translated line.  
  

 
  
Since the line is translated with its orientation 
unchanged we would expect the slope of the line to 
remain unchanged. Substituting the point (a, 2b) into
the equation  we will find   , the y -
intercept of the translated line.  

 
  
Note that if we had used the second point on the 
translated line, we would have arrived at the same 
value for the new y -intercept. 

 
  
Substituting the value of the new y -intercept into the
equation, we arrive at the equation for the translated
line.  

 
Combine like terms.  

 

ANSWER:  

y = m(x – a) + 2b; 2b – ma 

32. OPEN-ENDED Draw a figure on the coordinate 
plane so that the figure has the same orientation after
it is reflected in the line y  = 1. Explain what must be 
true in order for this to occur. 

SOLUTION:  
Draw figure ABCD with vertices at  A(–4, 8), B (4, 
8), C (4, 4), and D(–, 4). Draw the line y  = 1. 

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

 
In order for the figures ABCD and A'B'C'D' to be the
same, they must match up when you fold the grid in 
half horizontally at the y = 1 line. 

ANSWER:  

 
Sample answer: in order for the figure to be the 
same, it must match up when you fold it in half 
horizontally at the y  = 1 line. 

33. WRITING IN MATH Compare and contrast 
function notation and vector notation for translations. 

SOLUTION:  
Both vector notation and function notation describe 
the distance a figure is translated in the horizontal 
and vertical directions. Vector notation only 
describes the movement. It does not determine the 
beginning and ending locations. Function notation 
does both. It will give the initial point, the distance of 
the horizontal and vertical translation, and the ending 
point. For example, the translation a units to the right 
and b units up from the point (x, y) would be written 

 in vector notation and (x, y) → (x + a, y  + b) 

in function notation. 

ANSWER:  
Sample answer: Both vector notation and function 
notation describe the distance a figure is translated in
the horizontal and vertical directions. Vector notation 
does not give a rule in terms of initial location, but 
function notation does. For example, the translation a 
units to the right and b units up from the point (x, y) 

would be written  in vector notation and (x, y) 

→ (x + a, y  + b) in function notation. 

34. WRITING IN MATH Recall from Lesson 3-1 that
an invariant point maps onto itself. Can invariant 
points occur with translations? Explain why or why 
not. 

SOLUTION:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

ANSWER:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

35. On a grid triangle PQR has vertices P(2, 1), Q(3, –
1), and R(–1, –2) as shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). Find the coordinates of the vertices of triangle 
P'Q'R'. 
  
P' =  
Q' =  
R' =  
  
b. Which point lies in the interior of triangle P'Q'R'? 
A (0, –1) 
B (2, –4) 
C (–2, –4) 
D (–2, 2) 

SOLUTION:  
PQR has vertices P(2, 1), Q(3, –1), and R(–1, –2) as
shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). So the coordinates of the vertices of triangle 
P'Q'R' can be found by subtracting 2 from each x-
coordinate and adding 3 to each y-coordinate. 
  
P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. To find which point lies in the interior of triangle 
P'Q'R', either plot the image triangle on the 
coordinate plane and check, or notice that all of the 
image triangle is in quadrants I and II, and only 
answer choice D (–2, 2) is in either of those 
quadrants. 
  

ANSWER:  
a. P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. D 

36. Which of the following is the image of the line 
 under the translation (x, y) → (
)?  

A  
B  
C  
D  

SOLUTION:  
The translation of   can be 
thought of graphically, as a translation of the line 

 one unit to the left and one unit up. This 
would result in the translation graph seen below. The 
resulting line would be  . The correct 
choice is C. 

 

ANSWER:  
C 

37. Which of the following vectors will translate a point 
with the coordinates (3, –5) up and to the left on a 
coordinate plane? 
  
A  
B  
C  
D  

SOLUTION:  
The coordinates of the point do not matter, if a 
translation vector is to move a point up and to the 

left, the vector must be of the form , where a is
negative and b is positive. 
  
The correct answer is choice C. 

ANSWER:  
C 

38. Given a triangle with vertices A(–7, –1), B(–2, –3) 
and C(2, 4), which of the following represents the 
coordinates of the vertices of the image after a 
translation of the triangle 5 units right and 3 units up? 
  
A A(–4, 4), B(1, 2) and C(5, 9) 
B A(–2, 2), B(3, 0) and C(7, 7) 
C A(–12, 2), B(–7, 0) and C(–3, 7) 
D A(–2, –4), B(3, –6) and C(7, 1) 

SOLUTION:  
To translate A(–7, –1), B(–2, –3) and C(2, 4) five 
units right and three units up, add 5 to each x-
coordinate and add 3 to each y-coordinate.  
  
A(–7, –1), B(–2, –3), C(2, 4) → A(–7 + 5, –1 + 3), B
(–2 + 5, –3 + 3), C(2 + 5, 4 + 3)  
which is equivalent to  A(–2, 2), B(3, 0), C(7, 7).  

ANSWER:  
B 

39. Which of the following statements is true for both the
translation  and the translation 

?  
A   A point and its image have the same y-
coordinate. 
B   Points on the x-axis are mapped to other points 
on the x-axis. 
C   The translation vector is . 
D    A point in Quadrant I is mapped to another point
in Quadrant I. 

SOLUTION:  
Option A cannot be true, as the 
translation   would translate 
each y-coordinate up 2 units.  
Option B cannot be true, as the translation 

 would translate the point (2,0) 
to (2,2), a point no longer on the x-axis.  
Option C cannot be true, as the translation vertex 
for   would be , not . 
Option D is the correct choice as any point with 
positive x and y  coordinates will remain positive with 
either translation. Therefore they will remain in 
Quadrant I. 

ANSWER:  
D 

40. What is the distance between any point and its image
under the translation ? 
Round to the nearest tenth. 

SOLUTION:  
The distance between any point and its image are the
same, under the same translation. Therefore, choose 
any point, find its image under the 
translation  , and then use 
the Distance Formula to find the distance between 
these two points.  
  
Example: The image of point  would be 

.  

 
      

ANSWER:  
7.2 

41. Under which of the following translations does the 
image of rectangle JKLM not overlap rectangle 
JKLM? 

               
A     
B    
C    
D     
E     

SOLUTION:  
For JKLM to not overlap its image, the translation of 
the x-coordinates would have to be either more than 
3 or less than negative 3, since the length of the 
rectangle is 3 units. The only choice for which this is 
true is D.  

ANSWER:  
D 
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3-2 Translations 



Copy the figure and the given translation 
vector. Then draw the translation of the figure 
along the translation vector. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point B' by marking off this distance along the line 
through vertex B, starting at B and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points C' and D'. 
Then connect vertices B', C', and D' to form the 
translated image. 
  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point W' by marking off this distance along the line 
through vertex W, starting at W and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect vertices W', X ', Y' and Z' to form 
the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

4. trapezoid JKLM with vertices J(2, 4), K(1, 1), L(5, 1)

and M (4, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(2 + 7, 4 + 1), K’(1 + 7, 1 + 1), L’(5 +
7, 1 + 1) and M ’(4 + 7, 4 + 1). 

 

ANSWER:  

 

5.  with vertices D(–8, 8), F(–10, 4), and G(–7, 

6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are D’(–8 + 5, 8 – 2), F’(–10 + 5, 4 – 2), and
G’(–7 + 5, 6 – 2). 

 

ANSWER:  

 

6. parallelogram WXYZ with vertices W(–6, –5), X(–2, –
5), Y(–1, –8), and Z(–5, –8); 

 

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–6 – 1, –5 + 4), X’(–2 – 1, –5 
+ 4), Y’(–1 – 1, –8 + 4), and Z’(–5 – 1, –8 + 4). 
  

   

ANSWER:  

 

7. VIDEO GAMES The object of the video game 
shown is to manipulate the colored tiles left or right 
as they fall from the top of the screen to completely 
fill each row without leaving empty spaces. If the 
starting position of the tile piece at the top of the 
screen is (x, y), use function notation to describe the 
translation that will fill the indicated row. 

 

SOLUTION:  
There is only one block space for the row to be 
complete. For the object to fit in the place, it should 
be moved 3 places right and 5 places down. So, the 

translation vector should be  

Therefore, the translation is  

ANSWER:  
 

TOOLS  Copy the figure and the given 
translation vector. Then draw the translation of 
the figure along the translation vector. 

8.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point J' by marking off this distance along the line 
through vertex J, starting at J and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect vertices J', K',  L', and M' to form
the translated image. 

 

ANSWER:  

 

9.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point A ' by marking off this distance along the line 
through vertex A , starting at A  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points B' and C'. 
Then connect vertices A ', B', and C' to form the 
translated image. 

 

ANSWER:  

 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
  
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point X ' by marking off this distance along the line 
through vertex X , starting at X  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect vertices X ', Y', and Z' to form the 
translated image. 

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point D' by marking off this distance along the line 
through vertex D, starting at D and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect vertices D', F', G' and H' to form 
the translated image. 

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point V' by marking off this distance along the line 
through vertex V, starting at V and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect vertices V', W', X ', Y' and Z' 
to form the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

14.  with vertices A(1, 6), B(3, 2), and C(4, 

7);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are A’(1 + 4, 6 – 1), B’(3 + 4, 2 – 1), and 
C’(4 + 4, 7 – 1). 

 

ANSWER:  

 

15.  with vertices M (4, –5), N(5, –8), and P(8, –
6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are M ’(4 – 2, –5 + 5), N’(5 – 2, –8 + 5), and 
P’(8 – , –6 + 5). 

 

ANSWER:  

 

16. rectangle QRST with vertices Q(–8, 4), R(–8, 2), S(–
3, 2), and T(–3, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
rectangle are Q’(–8 + 2, 4 + 3), R’(–8 + 2, 2 + 3), 
S’(–3 + 2, 2 + 3), and T’(–3 + 2, 4 + 3). 

 

ANSWER:  

 

17. quadrilateral FGHJ with vertices F(–4, –2), G(–1, –
1), H(0, –4), and J(–3, –6);  

SOLUTION:  
The coordinates of the vertices of the translated 
quadrilateral are F’(–4 – 5, –2 – 2), G’(–1 – 5, –1 – 
2), H’(0 – 5, –4 – 2), and J’(–3 – 5, –6 – 2). 

 

ANSWER:  

 

18.  with vertices W(–3, –1), X(1, –1), Y(2, –4), 

and Z(–2, –4);  

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–3 – 3, –1 + 4), X’(1 – 3, –1 + 
4), Y’(2 – 3, –4 + 4), and Z’(–2 – 3, –4 + 4). 

 

ANSWER:  

 

19. trapezoid JKLM with vertices J(–4, –2), K(–1, –2), L

(0, –5), and M (–5, –5);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(–4 + 6, –2 + 5), K’(–1 + 6, –2 + 5), 
L’(0 + 6, –5 + 5), and M ’(–5 + 6, –5 + 5). 

 

ANSWER:  

 

20. PROBLEM SOLVING Brittany’s neighborhood is 
shown on the grid at the right. 

 
a. If she leaves home and travels 4 blocks north and 
3 blocks east, what is her new location? 
b. Use words to describe two possible translations 
that will take Brittany home from school. 

SOLUTION:  
a. Since the north side is marked upwards, travelling 
4 blocks north and 3 blocks east means moving 4 
blocks up and 3 blocks right. The point 4 blocks up 
and 3 blocks right to the home is the library. 
Therefore, her new location will be the library. 
b. The resultant vector must be . Any 
combination of vectors that form this resultant vector
will be satisfactory. 
  
 She can go west 5 blocks and then south 1 block, or 
she can go south 1 block and then west 5 blocks to 
reach the school. 

ANSWER:  
a. Library 
b. Sample answer: She can go west 5 blocks and 
then south 1 block, or she can go south 1 block and 
then west 5 blocks. 

21. FOOTBALL A wide receiver starts from his 15-
yard line on the right hash mark and runs a route that
takes him 12 yards to the left and down field for a 
gain of 17 yards. Write a translation vector to 
describe the receiver’s route. 

 

SOLUTION:  
The receiver starts on the right hash of the 15-yard 
line and moves 12 yards left and then 17 yards down 
field, or upwards as shown in the diagram.  

 
So, a translation vector that represents the receiver's 

route would be    

ANSWER:  
 

22. MULTI-STEP Each type of chess piece has a rule
for how it can be moved. A knight can move two 
squares horizontally and then one square vertically, 
or two squares vertically and one square 
horizontally. The bishop can only move diagonally. 
When a chess piece moves to a space that is 
occupied by an opponent’s piece, it is attacking that
piece. 

                            
a. What is the maximum number of knights that 
could be placed on an 8 by 8 chessboard so that 
none of the pieces can attack each other? What is 
the maximum number of bishops?  
b. Explain your solution process.  

SOLUTION:  
a-b.  I began by analyzing the movements of a single
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. Therefore,  is the 
maximum number of knight on an 8 by 8 
chessboard so that none can attack each other.  
      The bishops can move diagonally in any 
direction. I began by filling the entire first row of the 
chessboard with bishops. I crossed off all of the 
squares that could no longer be occupied by 
another bishop. From the remaining spaces 
available, you can fit the most bishops along the last 
row. Because the first and last square on the row 
can be attacked by a bishop on the opposite side of
the board, there are only 6 spaces available. So, 14
bishops can occupy a chessboard without being 
able to attack one another. 

 

ANSWER:  
a.  32; 14 
b. I began by analyzing the movements of a single 
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. The bishops can move 
diagonally in any direction. I began by filling the 
entire first row of the chessboard with bishops. I 
crossed off all of the squares that could no longer 
be occupied by another bishop. From the remaining
spaces available, you can fit the most bishops along 
the last row. Because the first and last square on the
row can be attacked by a bishop on the opposite 
side of the board, there are only 6 spaces available. 
So, 14 bishops can occupy a chessboard without 
being able to attack one another. 

Write each translation vector that maps the 
blue preimage to the green image. 

23.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue triangle is at (–2, 4). The top vertex of the green
triangle is at (1, –1), Subtract the coordinates. 
  
1 – (–2) = 3 
–1 – 4 = –5 
  
The triangle has been translated 3 units right and 5 

units down. So, the translation vector is  

ANSWER:  
 

24.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue pentagon is at (2, 0). The top vertex of the green
pentagon is at (–4, 4), Subtract the coordinates. 
  
–4 – (2) = –6 
4 – 0 = 4 
  
The pentagon has been translated 6 units left and 4 

units up. So, the translation vector is  

ANSWER:  
 

25. CONCERTS Dexter’s family buys tickets every 
year for a concert. Last year they were in seats C3, 
C4, C5, and C6. This year, they will be in seats D16, 
D17, D18, and D19. Write a translation in words and 
using vector notation that can be used to describe the
change in their seating. 

 

SOLUTION:  
Pick a seat from the new row and compare it to the 
corresponding seat in the previous row. The seat 
D16 is 13 seats right and 1 row back to C3. 
Therefore, the translation vector can be represented 

as  

ANSWER:  
They move to the right 13 seats and back one row; 

 

SENSE-MAKING Graph the translation of each
function along the given vector. Then write the 
equation of the translated image. 

26.   

 

SOLUTION:  

The translation of translates each point of 

 4 units right and 1 unit up. Thus,  the vertex 
of (0, 0) will translate to (4, 1). (1, 1) translates to (5, 
2) and (–1, 1) translates to (3, 2), etc. 
  

 
The equation for the translated function is y  = (x – 4)
2
 + 1. 

ANSWER:  

 
y = (x – 4)

2
 + 1 

27.   

 

SOLUTION:  

The translation of    translates each point of 

 2 units left. Thus,  the intercept of (0, 0) 
will translate to (–2, 0). (1, –1) translates to (–1, –1) 
and (–1, 1) translates to (–3, 1), etc. 
  

 
The equation of the translated function is y  = –(x + 

2)
3. 

ANSWER:  

 
y = –(x + 2)

3 

28. ROLLER COASTERS The length of the roller 
coaster track from the top of a hill to the bottom of 
the hill is 125 feet at a 53° angle with the vertical. If 
the position at the top of the hill is (x, y), use function 
notation to describe the translation to the bottom of 
the hill. Round to the nearest foot. 

SOLUTION:  
We have a triangle as shown. 

 
Use trigonometric ratios to find the vertical and 
horizontal changes of the coordinates of points from 
A to B. 
  

 

  
The vertex B is 75 ft down and 100 ft left to A. 
Therefore, the translation is (x, y) → (x – 75, y  – 
100). 

ANSWER:  
(x, y) → (x + 75, y  – 100) 

29. MULTIPLE REPRESENTATIONS In this 
problem, you will investigate reflections over a pair of
parallel lines. 

 
a. GEOMETRIC On patty paper, draw and 
a pair of vertical lines  l and m. Reflect in line l  by 
folding the patty paper. Then reflect, , in line 

m. Label the final image . 

b. GEOMETRIC Repeat the process in part a for 

reflected in vertical lines n and p  and 

 reflected in vertical lines q and r. 
c. TABULAR Copy and complete the table below. 

 
d. VERBAL Describe the result of two reflections 
in two vertical lines using one transformation. 

SOLUTION:  
a. 
Step 1: Draw ABC and line l and line m.  
Step 2: Fold the paper on line l.  Sketch the figure 
A'B'C'. 
Step 3: Fold the paper on line m.  Sketch the figure 
A''B''C''. 

 
  
b. 
Draw another triangle DEF and line n and line p  . 
Reflect twice following the steps in part a.  

 
  
Draw another triangle JKL and line q and line r . 
Reflect twice following the steps in part a.  
  

 
  
c. 

   
  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

ANSWER:  
a. 

 
b. 

 

 

c.  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

30. REASONING Determine a rule to find the final 
image of a point that is translated along 

and then . 

SOLUTION:  

Translating along  and then along   is 

same as translating along . Therefore, 

the translation vector is  

ANSWER:  
 

31. CHALLENGE A line y  = mx + b is translated using

the vector . Write the equation of the translated

line. What is the value of the y-intercept? 

SOLUTION:  

The vector  maps the point (x, y) → (x + a, y  +

b).  
  
Step 1: Identify two points on the line y  = mx + b. 

When x = 0, y  = b. When y  = 0, x = . So two 

points on the line y  = mx + b are (0, b) and ( , 
0).  
  
Step 2: Find the location of these points under the 
vector translation .  

(0, b) → (0 + a, b + b) → (a, 2b) 
  

( , 0) → (  + a, 0 + b) → (  + a, b) 
  
Step 3: Use these points to determine the equation 
of the translated line.  
  

 
  
Since the line is translated with its orientation 
unchanged we would expect the slope of the line to 
remain unchanged. Substituting the point (a, 2b) into
the equation  we will find   , the y -
intercept of the translated line.  

 
  
Note that if we had used the second point on the 
translated line, we would have arrived at the same 
value for the new y -intercept. 

 
  
Substituting the value of the new y -intercept into the
equation, we arrive at the equation for the translated
line.  

 
Combine like terms.  

 

ANSWER:  

y = m(x – a) + 2b; 2b – ma 

32. OPEN-ENDED Draw a figure on the coordinate 
plane so that the figure has the same orientation after
it is reflected in the line y  = 1. Explain what must be 
true in order for this to occur. 

SOLUTION:  
Draw figure ABCD with vertices at  A(–4, 8), B (4, 
8), C (4, 4), and D(–, 4). Draw the line y  = 1. 

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

 
In order for the figures ABCD and A'B'C'D' to be the
same, they must match up when you fold the grid in 
half horizontally at the y = 1 line. 

ANSWER:  

 
Sample answer: in order for the figure to be the 
same, it must match up when you fold it in half 
horizontally at the y  = 1 line. 

33. WRITING IN MATH Compare and contrast 
function notation and vector notation for translations. 

SOLUTION:  
Both vector notation and function notation describe 
the distance a figure is translated in the horizontal 
and vertical directions. Vector notation only 
describes the movement. It does not determine the 
beginning and ending locations. Function notation 
does both. It will give the initial point, the distance of 
the horizontal and vertical translation, and the ending 
point. For example, the translation a units to the right 
and b units up from the point (x, y) would be written 

 in vector notation and (x, y) → (x + a, y  + b) 

in function notation. 

ANSWER:  
Sample answer: Both vector notation and function 
notation describe the distance a figure is translated in
the horizontal and vertical directions. Vector notation 
does not give a rule in terms of initial location, but 
function notation does. For example, the translation a 
units to the right and b units up from the point (x, y) 

would be written  in vector notation and (x, y) 

→ (x + a, y  + b) in function notation. 

34. WRITING IN MATH Recall from Lesson 3-1 that
an invariant point maps onto itself. Can invariant 
points occur with translations? Explain why or why 
not. 

SOLUTION:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

ANSWER:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

35. On a grid triangle PQR has vertices P(2, 1), Q(3, –
1), and R(–1, –2) as shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). Find the coordinates of the vertices of triangle 
P'Q'R'. 
  
P' =  
Q' =  
R' =  
  
b. Which point lies in the interior of triangle P'Q'R'? 
A (0, –1) 
B (2, –4) 
C (–2, –4) 
D (–2, 2) 

SOLUTION:  
PQR has vertices P(2, 1), Q(3, –1), and R(–1, –2) as
shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). So the coordinates of the vertices of triangle 
P'Q'R' can be found by subtracting 2 from each x-
coordinate and adding 3 to each y-coordinate. 
  
P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. To find which point lies in the interior of triangle 
P'Q'R', either plot the image triangle on the 
coordinate plane and check, or notice that all of the 
image triangle is in quadrants I and II, and only 
answer choice D (–2, 2) is in either of those 
quadrants. 
  

ANSWER:  
a. P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. D 

36. Which of the following is the image of the line 
 under the translation (x, y) → (
)?  

A  
B  
C  
D  

SOLUTION:  
The translation of   can be 
thought of graphically, as a translation of the line 

 one unit to the left and one unit up. This 
would result in the translation graph seen below. The 
resulting line would be  . The correct 
choice is C. 

 

ANSWER:  
C 

37. Which of the following vectors will translate a point 
with the coordinates (3, –5) up and to the left on a 
coordinate plane? 
  
A  
B  
C  
D  

SOLUTION:  
The coordinates of the point do not matter, if a 
translation vector is to move a point up and to the 

left, the vector must be of the form , where a is
negative and b is positive. 
  
The correct answer is choice C. 

ANSWER:  
C 

38. Given a triangle with vertices A(–7, –1), B(–2, –3) 
and C(2, 4), which of the following represents the 
coordinates of the vertices of the image after a 
translation of the triangle 5 units right and 3 units up? 
  
A A(–4, 4), B(1, 2) and C(5, 9) 
B A(–2, 2), B(3, 0) and C(7, 7) 
C A(–12, 2), B(–7, 0) and C(–3, 7) 
D A(–2, –4), B(3, –6) and C(7, 1) 

SOLUTION:  
To translate A(–7, –1), B(–2, –3) and C(2, 4) five 
units right and three units up, add 5 to each x-
coordinate and add 3 to each y-coordinate.  
  
A(–7, –1), B(–2, –3), C(2, 4) → A(–7 + 5, –1 + 3), B
(–2 + 5, –3 + 3), C(2 + 5, 4 + 3)  
which is equivalent to  A(–2, 2), B(3, 0), C(7, 7).  

ANSWER:  
B 

39. Which of the following statements is true for both the
translation  and the translation 

?  
A   A point and its image have the same y-
coordinate. 
B   Points on the x-axis are mapped to other points 
on the x-axis. 
C   The translation vector is . 
D    A point in Quadrant I is mapped to another point
in Quadrant I. 

SOLUTION:  
Option A cannot be true, as the 
translation   would translate 
each y-coordinate up 2 units.  
Option B cannot be true, as the translation 

 would translate the point (2,0) 
to (2,2), a point no longer on the x-axis.  
Option C cannot be true, as the translation vertex 
for   would be , not . 
Option D is the correct choice as any point with 
positive x and y  coordinates will remain positive with 
either translation. Therefore they will remain in 
Quadrant I. 

ANSWER:  
D 

40. What is the distance between any point and its image
under the translation ? 
Round to the nearest tenth. 

SOLUTION:  
The distance between any point and its image are the
same, under the same translation. Therefore, choose 
any point, find its image under the 
translation  , and then use 
the Distance Formula to find the distance between 
these two points.  
  
Example: The image of point  would be 

.  

 
      

ANSWER:  
7.2 

41. Under which of the following translations does the 
image of rectangle JKLM not overlap rectangle 
JKLM? 

               
A     
B    
C    
D     
E     

SOLUTION:  
For JKLM to not overlap its image, the translation of 
the x-coordinates would have to be either more than 
3 or less than negative 3, since the length of the 
rectangle is 3 units. The only choice for which this is 
true is D.  

ANSWER:  
D 

Copy the figure and the given translation 
vector. Then draw the translation of the figure 
along the translation vector. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point B' by marking off this distance along the line 
through vertex B, starting at B and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points C' and D'. 
Then connect vertices B', C', and D' to form the 
translated image. 
  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point W' by marking off this distance along the line 
through vertex W, starting at W and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect vertices W', X ', Y' and Z' to form 
the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

4. trapezoid JKLM with vertices J(2, 4), K(1, 1), L(5, 1)

and M (4, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(2 + 7, 4 + 1), K’(1 + 7, 1 + 1), L’(5 +
7, 1 + 1) and M ’(4 + 7, 4 + 1). 

 

ANSWER:  

 

5.  with vertices D(–8, 8), F(–10, 4), and G(–7, 

6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are D’(–8 + 5, 8 – 2), F’(–10 + 5, 4 – 2), and
G’(–7 + 5, 6 – 2). 

 

ANSWER:  

 

6. parallelogram WXYZ with vertices W(–6, –5), X(–2, –
5), Y(–1, –8), and Z(–5, –8); 

 

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–6 – 1, –5 + 4), X’(–2 – 1, –5 
+ 4), Y’(–1 – 1, –8 + 4), and Z’(–5 – 1, –8 + 4). 
  

   

ANSWER:  

 

7. VIDEO GAMES The object of the video game 
shown is to manipulate the colored tiles left or right 
as they fall from the top of the screen to completely 
fill each row without leaving empty spaces. If the 
starting position of the tile piece at the top of the 
screen is (x, y), use function notation to describe the 
translation that will fill the indicated row. 

 

SOLUTION:  
There is only one block space for the row to be 
complete. For the object to fit in the place, it should 
be moved 3 places right and 5 places down. So, the 

translation vector should be  

Therefore, the translation is  

ANSWER:  
 

TOOLS  Copy the figure and the given 
translation vector. Then draw the translation of 
the figure along the translation vector. 

8.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point J' by marking off this distance along the line 
through vertex J, starting at J and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect vertices J', K',  L', and M' to form
the translated image. 

 

ANSWER:  

 

9.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point A ' by marking off this distance along the line 
through vertex A , starting at A  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points B' and C'. 
Then connect vertices A ', B', and C' to form the 
translated image. 

 

ANSWER:  

 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
  
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point X ' by marking off this distance along the line 
through vertex X , starting at X  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect vertices X ', Y', and Z' to form the 
translated image. 

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point D' by marking off this distance along the line 
through vertex D, starting at D and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect vertices D', F', G' and H' to form 
the translated image. 

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point V' by marking off this distance along the line 
through vertex V, starting at V and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect vertices V', W', X ', Y' and Z' 
to form the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

14.  with vertices A(1, 6), B(3, 2), and C(4, 

7);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are A’(1 + 4, 6 – 1), B’(3 + 4, 2 – 1), and 
C’(4 + 4, 7 – 1). 

 

ANSWER:  

 

15.  with vertices M (4, –5), N(5, –8), and P(8, –
6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are M ’(4 – 2, –5 + 5), N’(5 – 2, –8 + 5), and 
P’(8 – , –6 + 5). 

 

ANSWER:  

 

16. rectangle QRST with vertices Q(–8, 4), R(–8, 2), S(–
3, 2), and T(–3, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
rectangle are Q’(–8 + 2, 4 + 3), R’(–8 + 2, 2 + 3), 
S’(–3 + 2, 2 + 3), and T’(–3 + 2, 4 + 3). 

 

ANSWER:  

 

17. quadrilateral FGHJ with vertices F(–4, –2), G(–1, –
1), H(0, –4), and J(–3, –6);  

SOLUTION:  
The coordinates of the vertices of the translated 
quadrilateral are F’(–4 – 5, –2 – 2), G’(–1 – 5, –1 – 
2), H’(0 – 5, –4 – 2), and J’(–3 – 5, –6 – 2). 

 

ANSWER:  

 

18.  with vertices W(–3, –1), X(1, –1), Y(2, –4), 

and Z(–2, –4);  

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–3 – 3, –1 + 4), X’(1 – 3, –1 + 
4), Y’(2 – 3, –4 + 4), and Z’(–2 – 3, –4 + 4). 

 

ANSWER:  

 

19. trapezoid JKLM with vertices J(–4, –2), K(–1, –2), L

(0, –5), and M (–5, –5);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(–4 + 6, –2 + 5), K’(–1 + 6, –2 + 5), 
L’(0 + 6, –5 + 5), and M ’(–5 + 6, –5 + 5). 

 

ANSWER:  

 

20. PROBLEM SOLVING Brittany’s neighborhood is 
shown on the grid at the right. 

 
a. If she leaves home and travels 4 blocks north and 
3 blocks east, what is her new location? 
b. Use words to describe two possible translations 
that will take Brittany home from school. 

SOLUTION:  
a. Since the north side is marked upwards, travelling 
4 blocks north and 3 blocks east means moving 4 
blocks up and 3 blocks right. The point 4 blocks up 
and 3 blocks right to the home is the library. 
Therefore, her new location will be the library. 
b. The resultant vector must be . Any 
combination of vectors that form this resultant vector
will be satisfactory. 
  
 She can go west 5 blocks and then south 1 block, or 
she can go south 1 block and then west 5 blocks to 
reach the school. 

ANSWER:  
a. Library 
b. Sample answer: She can go west 5 blocks and 
then south 1 block, or she can go south 1 block and 
then west 5 blocks. 

21. FOOTBALL A wide receiver starts from his 15-
yard line on the right hash mark and runs a route that
takes him 12 yards to the left and down field for a 
gain of 17 yards. Write a translation vector to 
describe the receiver’s route. 

 

SOLUTION:  
The receiver starts on the right hash of the 15-yard 
line and moves 12 yards left and then 17 yards down 
field, or upwards as shown in the diagram.  

 
So, a translation vector that represents the receiver's 

route would be    

ANSWER:  
 

22. MULTI-STEP Each type of chess piece has a rule
for how it can be moved. A knight can move two 
squares horizontally and then one square vertically, 
or two squares vertically and one square 
horizontally. The bishop can only move diagonally. 
When a chess piece moves to a space that is 
occupied by an opponent’s piece, it is attacking that
piece. 

                            
a. What is the maximum number of knights that 
could be placed on an 8 by 8 chessboard so that 
none of the pieces can attack each other? What is 
the maximum number of bishops?  
b. Explain your solution process.  

SOLUTION:  
a-b.  I began by analyzing the movements of a single
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. Therefore,  is the 
maximum number of knight on an 8 by 8 
chessboard so that none can attack each other.  
      The bishops can move diagonally in any 
direction. I began by filling the entire first row of the 
chessboard with bishops. I crossed off all of the 
squares that could no longer be occupied by 
another bishop. From the remaining spaces 
available, you can fit the most bishops along the last 
row. Because the first and last square on the row 
can be attacked by a bishop on the opposite side of
the board, there are only 6 spaces available. So, 14
bishops can occupy a chessboard without being 
able to attack one another. 

 

ANSWER:  
a.  32; 14 
b. I began by analyzing the movements of a single 
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. The bishops can move 
diagonally in any direction. I began by filling the 
entire first row of the chessboard with bishops. I 
crossed off all of the squares that could no longer 
be occupied by another bishop. From the remaining
spaces available, you can fit the most bishops along 
the last row. Because the first and last square on the
row can be attacked by a bishop on the opposite 
side of the board, there are only 6 spaces available. 
So, 14 bishops can occupy a chessboard without 
being able to attack one another. 

Write each translation vector that maps the 
blue preimage to the green image. 

23.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue triangle is at (–2, 4). The top vertex of the green
triangle is at (1, –1), Subtract the coordinates. 
  
1 – (–2) = 3 
–1 – 4 = –5 
  
The triangle has been translated 3 units right and 5 

units down. So, the translation vector is  

ANSWER:  
 

24.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue pentagon is at (2, 0). The top vertex of the green
pentagon is at (–4, 4), Subtract the coordinates. 
  
–4 – (2) = –6 
4 – 0 = 4 
  
The pentagon has been translated 6 units left and 4 

units up. So, the translation vector is  

ANSWER:  
 

25. CONCERTS Dexter’s family buys tickets every 
year for a concert. Last year they were in seats C3, 
C4, C5, and C6. This year, they will be in seats D16, 
D17, D18, and D19. Write a translation in words and 
using vector notation that can be used to describe the
change in their seating. 

 

SOLUTION:  
Pick a seat from the new row and compare it to the 
corresponding seat in the previous row. The seat 
D16 is 13 seats right and 1 row back to C3. 
Therefore, the translation vector can be represented 

as  

ANSWER:  
They move to the right 13 seats and back one row; 

 

SENSE-MAKING Graph the translation of each
function along the given vector. Then write the 
equation of the translated image. 

26.   

 

SOLUTION:  

The translation of translates each point of 

 4 units right and 1 unit up. Thus,  the vertex 
of (0, 0) will translate to (4, 1). (1, 1) translates to (5, 
2) and (–1, 1) translates to (3, 2), etc. 
  

 
The equation for the translated function is y  = (x – 4)
2
 + 1. 

ANSWER:  

 
y = (x – 4)

2
 + 1 

27.   

 

SOLUTION:  

The translation of    translates each point of 

 2 units left. Thus,  the intercept of (0, 0) 
will translate to (–2, 0). (1, –1) translates to (–1, –1) 
and (–1, 1) translates to (–3, 1), etc. 
  

 
The equation of the translated function is y  = –(x + 

2)
3. 

ANSWER:  

 
y = –(x + 2)

3 

28. ROLLER COASTERS The length of the roller 
coaster track from the top of a hill to the bottom of 
the hill is 125 feet at a 53° angle with the vertical. If 
the position at the top of the hill is (x, y), use function 
notation to describe the translation to the bottom of 
the hill. Round to the nearest foot. 

SOLUTION:  
We have a triangle as shown. 

 
Use trigonometric ratios to find the vertical and 
horizontal changes of the coordinates of points from 
A to B. 
  

 

  
The vertex B is 75 ft down and 100 ft left to A. 
Therefore, the translation is (x, y) → (x – 75, y  – 
100). 

ANSWER:  
(x, y) → (x + 75, y  – 100) 

29. MULTIPLE REPRESENTATIONS In this 
problem, you will investigate reflections over a pair of
parallel lines. 

 
a. GEOMETRIC On patty paper, draw and 
a pair of vertical lines  l and m. Reflect in line l  by 
folding the patty paper. Then reflect, , in line 

m. Label the final image . 

b. GEOMETRIC Repeat the process in part a for 

reflected in vertical lines n and p  and 

 reflected in vertical lines q and r. 
c. TABULAR Copy and complete the table below. 

 
d. VERBAL Describe the result of two reflections 
in two vertical lines using one transformation. 

SOLUTION:  
a. 
Step 1: Draw ABC and line l and line m.  
Step 2: Fold the paper on line l.  Sketch the figure 
A'B'C'. 
Step 3: Fold the paper on line m.  Sketch the figure 
A''B''C''. 

 
  
b. 
Draw another triangle DEF and line n and line p  . 
Reflect twice following the steps in part a.  

 
  
Draw another triangle JKL and line q and line r . 
Reflect twice following the steps in part a.  
  

 
  
c. 

   
  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

ANSWER:  
a. 

 
b. 

 

 

c.  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

30. REASONING Determine a rule to find the final 
image of a point that is translated along 

and then . 

SOLUTION:  

Translating along  and then along   is 

same as translating along . Therefore, 

the translation vector is  

ANSWER:  
 

31. CHALLENGE A line y  = mx + b is translated using

the vector . Write the equation of the translated

line. What is the value of the y-intercept? 

SOLUTION:  

The vector  maps the point (x, y) → (x + a, y  +

b).  
  
Step 1: Identify two points on the line y  = mx + b. 

When x = 0, y  = b. When y  = 0, x = . So two 

points on the line y  = mx + b are (0, b) and ( , 
0).  
  
Step 2: Find the location of these points under the 
vector translation .  

(0, b) → (0 + a, b + b) → (a, 2b) 
  

( , 0) → (  + a, 0 + b) → (  + a, b) 
  
Step 3: Use these points to determine the equation 
of the translated line.  
  

 
  
Since the line is translated with its orientation 
unchanged we would expect the slope of the line to 
remain unchanged. Substituting the point (a, 2b) into
the equation  we will find   , the y -
intercept of the translated line.  

 
  
Note that if we had used the second point on the 
translated line, we would have arrived at the same 
value for the new y -intercept. 

 
  
Substituting the value of the new y -intercept into the
equation, we arrive at the equation for the translated
line.  

 
Combine like terms.  

 

ANSWER:  

y = m(x – a) + 2b; 2b – ma 

32. OPEN-ENDED Draw a figure on the coordinate 
plane so that the figure has the same orientation after
it is reflected in the line y  = 1. Explain what must be 
true in order for this to occur. 

SOLUTION:  
Draw figure ABCD with vertices at  A(–4, 8), B (4, 
8), C (4, 4), and D(–, 4). Draw the line y  = 1. 

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

 
In order for the figures ABCD and A'B'C'D' to be the
same, they must match up when you fold the grid in 
half horizontally at the y = 1 line. 

ANSWER:  

 
Sample answer: in order for the figure to be the 
same, it must match up when you fold it in half 
horizontally at the y  = 1 line. 

33. WRITING IN MATH Compare and contrast 
function notation and vector notation for translations. 

SOLUTION:  
Both vector notation and function notation describe 
the distance a figure is translated in the horizontal 
and vertical directions. Vector notation only 
describes the movement. It does not determine the 
beginning and ending locations. Function notation 
does both. It will give the initial point, the distance of 
the horizontal and vertical translation, and the ending 
point. For example, the translation a units to the right 
and b units up from the point (x, y) would be written 

 in vector notation and (x, y) → (x + a, y  + b) 

in function notation. 

ANSWER:  
Sample answer: Both vector notation and function 
notation describe the distance a figure is translated in
the horizontal and vertical directions. Vector notation 
does not give a rule in terms of initial location, but 
function notation does. For example, the translation a 
units to the right and b units up from the point (x, y) 

would be written  in vector notation and (x, y) 

→ (x + a, y  + b) in function notation. 

34. WRITING IN MATH Recall from Lesson 3-1 that
an invariant point maps onto itself. Can invariant 
points occur with translations? Explain why or why 
not. 

SOLUTION:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

ANSWER:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

35. On a grid triangle PQR has vertices P(2, 1), Q(3, –
1), and R(–1, –2) as shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). Find the coordinates of the vertices of triangle 
P'Q'R'. 
  
P' =  
Q' =  
R' =  
  
b. Which point lies in the interior of triangle P'Q'R'? 
A (0, –1) 
B (2, –4) 
C (–2, –4) 
D (–2, 2) 

SOLUTION:  
PQR has vertices P(2, 1), Q(3, –1), and R(–1, –2) as
shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). So the coordinates of the vertices of triangle 
P'Q'R' can be found by subtracting 2 from each x-
coordinate and adding 3 to each y-coordinate. 
  
P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. To find which point lies in the interior of triangle 
P'Q'R', either plot the image triangle on the 
coordinate plane and check, or notice that all of the 
image triangle is in quadrants I and II, and only 
answer choice D (–2, 2) is in either of those 
quadrants. 
  

ANSWER:  
a. P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. D 

36. Which of the following is the image of the line 
 under the translation (x, y) → (
)?  

A  
B  
C  
D  

SOLUTION:  
The translation of   can be 
thought of graphically, as a translation of the line 

 one unit to the left and one unit up. This 
would result in the translation graph seen below. The 
resulting line would be  . The correct 
choice is C. 

 

ANSWER:  
C 

37. Which of the following vectors will translate a point 
with the coordinates (3, –5) up and to the left on a 
coordinate plane? 
  
A  
B  
C  
D  

SOLUTION:  
The coordinates of the point do not matter, if a 
translation vector is to move a point up and to the 

left, the vector must be of the form , where a is
negative and b is positive. 
  
The correct answer is choice C. 

ANSWER:  
C 

38. Given a triangle with vertices A(–7, –1), B(–2, –3) 
and C(2, 4), which of the following represents the 
coordinates of the vertices of the image after a 
translation of the triangle 5 units right and 3 units up? 
  
A A(–4, 4), B(1, 2) and C(5, 9) 
B A(–2, 2), B(3, 0) and C(7, 7) 
C A(–12, 2), B(–7, 0) and C(–3, 7) 
D A(–2, –4), B(3, –6) and C(7, 1) 

SOLUTION:  
To translate A(–7, –1), B(–2, –3) and C(2, 4) five 
units right and three units up, add 5 to each x-
coordinate and add 3 to each y-coordinate.  
  
A(–7, –1), B(–2, –3), C(2, 4) → A(–7 + 5, –1 + 3), B
(–2 + 5, –3 + 3), C(2 + 5, 4 + 3)  
which is equivalent to  A(–2, 2), B(3, 0), C(7, 7).  

ANSWER:  
B 

39. Which of the following statements is true for both the
translation  and the translation 

?  
A   A point and its image have the same y-
coordinate. 
B   Points on the x-axis are mapped to other points 
on the x-axis. 
C   The translation vector is . 
D    A point in Quadrant I is mapped to another point
in Quadrant I. 

SOLUTION:  
Option A cannot be true, as the 
translation   would translate 
each y-coordinate up 2 units.  
Option B cannot be true, as the translation 

 would translate the point (2,0) 
to (2,2), a point no longer on the x-axis.  
Option C cannot be true, as the translation vertex 
for   would be , not . 
Option D is the correct choice as any point with 
positive x and y  coordinates will remain positive with 
either translation. Therefore they will remain in 
Quadrant I. 

ANSWER:  
D 

40. What is the distance between any point and its image
under the translation ? 
Round to the nearest tenth. 

SOLUTION:  
The distance between any point and its image are the
same, under the same translation. Therefore, choose 
any point, find its image under the 
translation  , and then use 
the Distance Formula to find the distance between 
these two points.  
  
Example: The image of point  would be 

.  

 
      

ANSWER:  
7.2 

41. Under which of the following translations does the 
image of rectangle JKLM not overlap rectangle 
JKLM? 

               
A     
B    
C    
D     
E     

SOLUTION:  
For JKLM to not overlap its image, the translation of 
the x-coordinates would have to be either more than 
3 or less than negative 3, since the length of the 
rectangle is 3 units. The only choice for which this is 
true is D.  

ANSWER:  
D 
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3-2 Translations 



Copy the figure and the given translation 
vector. Then draw the translation of the figure 
along the translation vector. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point B' by marking off this distance along the line 
through vertex B, starting at B and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points C' and D'. 
Then connect vertices B', C', and D' to form the 
translated image. 
  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point W' by marking off this distance along the line 
through vertex W, starting at W and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect vertices W', X ', Y' and Z' to form 
the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

4. trapezoid JKLM with vertices J(2, 4), K(1, 1), L(5, 1)

and M (4, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(2 + 7, 4 + 1), K’(1 + 7, 1 + 1), L’(5 +
7, 1 + 1) and M ’(4 + 7, 4 + 1). 

 

ANSWER:  

 

5.  with vertices D(–8, 8), F(–10, 4), and G(–7, 

6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are D’(–8 + 5, 8 – 2), F’(–10 + 5, 4 – 2), and
G’(–7 + 5, 6 – 2). 

 

ANSWER:  

 

6. parallelogram WXYZ with vertices W(–6, –5), X(–2, –
5), Y(–1, –8), and Z(–5, –8); 

 

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–6 – 1, –5 + 4), X’(–2 – 1, –5 
+ 4), Y’(–1 – 1, –8 + 4), and Z’(–5 – 1, –8 + 4). 
  

   

ANSWER:  

 

7. VIDEO GAMES The object of the video game 
shown is to manipulate the colored tiles left or right 
as they fall from the top of the screen to completely 
fill each row without leaving empty spaces. If the 
starting position of the tile piece at the top of the 
screen is (x, y), use function notation to describe the 
translation that will fill the indicated row. 

 

SOLUTION:  
There is only one block space for the row to be 
complete. For the object to fit in the place, it should 
be moved 3 places right and 5 places down. So, the 

translation vector should be  

Therefore, the translation is  

ANSWER:  
 

TOOLS  Copy the figure and the given 
translation vector. Then draw the translation of 
the figure along the translation vector. 

8.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point J' by marking off this distance along the line 
through vertex J, starting at J and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect vertices J', K',  L', and M' to form
the translated image. 

 

ANSWER:  

 

9.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point A ' by marking off this distance along the line 
through vertex A , starting at A  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points B' and C'. 
Then connect vertices A ', B', and C' to form the 
translated image. 

 

ANSWER:  

 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
  
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point X ' by marking off this distance along the line 
through vertex X , starting at X  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect vertices X ', Y', and Z' to form the 
translated image. 

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point D' by marking off this distance along the line 
through vertex D, starting at D and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect vertices D', F', G' and H' to form 
the translated image. 

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point V' by marking off this distance along the line 
through vertex V, starting at V and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect vertices V', W', X ', Y' and Z' 
to form the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

14.  with vertices A(1, 6), B(3, 2), and C(4, 

7);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are A’(1 + 4, 6 – 1), B’(3 + 4, 2 – 1), and 
C’(4 + 4, 7 – 1). 

 

ANSWER:  

 

15.  with vertices M (4, –5), N(5, –8), and P(8, –
6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are M ’(4 – 2, –5 + 5), N’(5 – 2, –8 + 5), and 
P’(8 – , –6 + 5). 

 

ANSWER:  

 

16. rectangle QRST with vertices Q(–8, 4), R(–8, 2), S(–
3, 2), and T(–3, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
rectangle are Q’(–8 + 2, 4 + 3), R’(–8 + 2, 2 + 3), 
S’(–3 + 2, 2 + 3), and T’(–3 + 2, 4 + 3). 

 

ANSWER:  

 

17. quadrilateral FGHJ with vertices F(–4, –2), G(–1, –
1), H(0, –4), and J(–3, –6);  

SOLUTION:  
The coordinates of the vertices of the translated 
quadrilateral are F’(–4 – 5, –2 – 2), G’(–1 – 5, –1 – 
2), H’(0 – 5, –4 – 2), and J’(–3 – 5, –6 – 2). 

 

ANSWER:  

 

18.  with vertices W(–3, –1), X(1, –1), Y(2, –4), 

and Z(–2, –4);  

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–3 – 3, –1 + 4), X’(1 – 3, –1 + 
4), Y’(2 – 3, –4 + 4), and Z’(–2 – 3, –4 + 4). 

 

ANSWER:  

 

19. trapezoid JKLM with vertices J(–4, –2), K(–1, –2), L

(0, –5), and M (–5, –5);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(–4 + 6, –2 + 5), K’(–1 + 6, –2 + 5), 
L’(0 + 6, –5 + 5), and M ’(–5 + 6, –5 + 5). 

 

ANSWER:  

 

20. PROBLEM SOLVING Brittany’s neighborhood is 
shown on the grid at the right. 

 
a. If she leaves home and travels 4 blocks north and 
3 blocks east, what is her new location? 
b. Use words to describe two possible translations 
that will take Brittany home from school. 

SOLUTION:  
a. Since the north side is marked upwards, travelling 
4 blocks north and 3 blocks east means moving 4 
blocks up and 3 blocks right. The point 4 blocks up 
and 3 blocks right to the home is the library. 
Therefore, her new location will be the library. 
b. The resultant vector must be . Any 
combination of vectors that form this resultant vector
will be satisfactory. 
  
 She can go west 5 blocks and then south 1 block, or 
she can go south 1 block and then west 5 blocks to 
reach the school. 

ANSWER:  
a. Library 
b. Sample answer: She can go west 5 blocks and 
then south 1 block, or she can go south 1 block and 
then west 5 blocks. 

21. FOOTBALL A wide receiver starts from his 15-
yard line on the right hash mark and runs a route that
takes him 12 yards to the left and down field for a 
gain of 17 yards. Write a translation vector to 
describe the receiver’s route. 

 

SOLUTION:  
The receiver starts on the right hash of the 15-yard 
line and moves 12 yards left and then 17 yards down 
field, or upwards as shown in the diagram.  

 
So, a translation vector that represents the receiver's 

route would be    

ANSWER:  
 

22. MULTI-STEP Each type of chess piece has a rule
for how it can be moved. A knight can move two 
squares horizontally and then one square vertically, 
or two squares vertically and one square 
horizontally. The bishop can only move diagonally. 
When a chess piece moves to a space that is 
occupied by an opponent’s piece, it is attacking that
piece. 

                            
a. What is the maximum number of knights that 
could be placed on an 8 by 8 chessboard so that 
none of the pieces can attack each other? What is 
the maximum number of bishops?  
b. Explain your solution process.  

SOLUTION:  
a-b.  I began by analyzing the movements of a single
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. Therefore,  is the 
maximum number of knight on an 8 by 8 
chessboard so that none can attack each other.  
      The bishops can move diagonally in any 
direction. I began by filling the entire first row of the 
chessboard with bishops. I crossed off all of the 
squares that could no longer be occupied by 
another bishop. From the remaining spaces 
available, you can fit the most bishops along the last 
row. Because the first and last square on the row 
can be attacked by a bishop on the opposite side of
the board, there are only 6 spaces available. So, 14
bishops can occupy a chessboard without being 
able to attack one another. 

 

ANSWER:  
a.  32; 14 
b. I began by analyzing the movements of a single 
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. The bishops can move 
diagonally in any direction. I began by filling the 
entire first row of the chessboard with bishops. I 
crossed off all of the squares that could no longer 
be occupied by another bishop. From the remaining
spaces available, you can fit the most bishops along 
the last row. Because the first and last square on the
row can be attacked by a bishop on the opposite 
side of the board, there are only 6 spaces available. 
So, 14 bishops can occupy a chessboard without 
being able to attack one another. 

Write each translation vector that maps the 
blue preimage to the green image. 

23.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue triangle is at (–2, 4). The top vertex of the green
triangle is at (1, –1), Subtract the coordinates. 
  
1 – (–2) = 3 
–1 – 4 = –5 
  
The triangle has been translated 3 units right and 5 

units down. So, the translation vector is  

ANSWER:  
 

24.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue pentagon is at (2, 0). The top vertex of the green
pentagon is at (–4, 4), Subtract the coordinates. 
  
–4 – (2) = –6 
4 – 0 = 4 
  
The pentagon has been translated 6 units left and 4 

units up. So, the translation vector is  

ANSWER:  
 

25. CONCERTS Dexter’s family buys tickets every 
year for a concert. Last year they were in seats C3, 
C4, C5, and C6. This year, they will be in seats D16, 
D17, D18, and D19. Write a translation in words and 
using vector notation that can be used to describe the
change in their seating. 

 

SOLUTION:  
Pick a seat from the new row and compare it to the 
corresponding seat in the previous row. The seat 
D16 is 13 seats right and 1 row back to C3. 
Therefore, the translation vector can be represented 

as  

ANSWER:  
They move to the right 13 seats and back one row; 

 

SENSE-MAKING Graph the translation of each
function along the given vector. Then write the 
equation of the translated image. 

26.   

 

SOLUTION:  

The translation of translates each point of 

 4 units right and 1 unit up. Thus,  the vertex 
of (0, 0) will translate to (4, 1). (1, 1) translates to (5, 
2) and (–1, 1) translates to (3, 2), etc. 
  

 
The equation for the translated function is y  = (x – 4)
2
 + 1. 

ANSWER:  

 
y = (x – 4)

2
 + 1 

27.   

 

SOLUTION:  

The translation of    translates each point of 

 2 units left. Thus,  the intercept of (0, 0) 
will translate to (–2, 0). (1, –1) translates to (–1, –1) 
and (–1, 1) translates to (–3, 1), etc. 
  

 
The equation of the translated function is y  = –(x + 

2)
3. 

ANSWER:  

 
y = –(x + 2)

3 

28. ROLLER COASTERS The length of the roller 
coaster track from the top of a hill to the bottom of 
the hill is 125 feet at a 53° angle with the vertical. If 
the position at the top of the hill is (x, y), use function 
notation to describe the translation to the bottom of 
the hill. Round to the nearest foot. 

SOLUTION:  
We have a triangle as shown. 

 
Use trigonometric ratios to find the vertical and 
horizontal changes of the coordinates of points from 
A to B. 
  

 

  
The vertex B is 75 ft down and 100 ft left to A. 
Therefore, the translation is (x, y) → (x – 75, y  – 
100). 

ANSWER:  
(x, y) → (x + 75, y  – 100) 

29. MULTIPLE REPRESENTATIONS In this 
problem, you will investigate reflections over a pair of
parallel lines. 

 
a. GEOMETRIC On patty paper, draw and 
a pair of vertical lines  l and m. Reflect in line l  by 
folding the patty paper. Then reflect, , in line 

m. Label the final image . 

b. GEOMETRIC Repeat the process in part a for 

reflected in vertical lines n and p  and 

 reflected in vertical lines q and r. 
c. TABULAR Copy and complete the table below. 

 
d. VERBAL Describe the result of two reflections 
in two vertical lines using one transformation. 

SOLUTION:  
a. 
Step 1: Draw ABC and line l and line m.  
Step 2: Fold the paper on line l.  Sketch the figure 
A'B'C'. 
Step 3: Fold the paper on line m.  Sketch the figure 
A''B''C''. 

 
  
b. 
Draw another triangle DEF and line n and line p  . 
Reflect twice following the steps in part a.  

 
  
Draw another triangle JKL and line q and line r . 
Reflect twice following the steps in part a.  
  

 
  
c. 

   
  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

ANSWER:  
a. 

 
b. 

 

 

c.  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

30. REASONING Determine a rule to find the final 
image of a point that is translated along 

and then . 

SOLUTION:  

Translating along  and then along   is 

same as translating along . Therefore, 

the translation vector is  

ANSWER:  
 

31. CHALLENGE A line y  = mx + b is translated using

the vector . Write the equation of the translated

line. What is the value of the y-intercept? 

SOLUTION:  

The vector  maps the point (x, y) → (x + a, y  +

b).  
  
Step 1: Identify two points on the line y  = mx + b. 

When x = 0, y  = b. When y  = 0, x = . So two 

points on the line y  = mx + b are (0, b) and ( , 
0).  
  
Step 2: Find the location of these points under the 
vector translation .  

(0, b) → (0 + a, b + b) → (a, 2b) 
  

( , 0) → (  + a, 0 + b) → (  + a, b) 
  
Step 3: Use these points to determine the equation 
of the translated line.  
  

 
  
Since the line is translated with its orientation 
unchanged we would expect the slope of the line to 
remain unchanged. Substituting the point (a, 2b) into
the equation  we will find   , the y -
intercept of the translated line.  

 
  
Note that if we had used the second point on the 
translated line, we would have arrived at the same 
value for the new y -intercept. 

 
  
Substituting the value of the new y -intercept into the
equation, we arrive at the equation for the translated
line.  

 
Combine like terms.  

 

ANSWER:  

y = m(x – a) + 2b; 2b – ma 

32. OPEN-ENDED Draw a figure on the coordinate 
plane so that the figure has the same orientation after
it is reflected in the line y  = 1. Explain what must be 
true in order for this to occur. 

SOLUTION:  
Draw figure ABCD with vertices at  A(–4, 8), B (4, 
8), C (4, 4), and D(–, 4). Draw the line y  = 1. 

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

 
In order for the figures ABCD and A'B'C'D' to be the
same, they must match up when you fold the grid in 
half horizontally at the y = 1 line. 

ANSWER:  

 
Sample answer: in order for the figure to be the 
same, it must match up when you fold it in half 
horizontally at the y  = 1 line. 

33. WRITING IN MATH Compare and contrast 
function notation and vector notation for translations. 

SOLUTION:  
Both vector notation and function notation describe 
the distance a figure is translated in the horizontal 
and vertical directions. Vector notation only 
describes the movement. It does not determine the 
beginning and ending locations. Function notation 
does both. It will give the initial point, the distance of 
the horizontal and vertical translation, and the ending 
point. For example, the translation a units to the right 
and b units up from the point (x, y) would be written 

 in vector notation and (x, y) → (x + a, y  + b) 

in function notation. 

ANSWER:  
Sample answer: Both vector notation and function 
notation describe the distance a figure is translated in
the horizontal and vertical directions. Vector notation 
does not give a rule in terms of initial location, but 
function notation does. For example, the translation a 
units to the right and b units up from the point (x, y) 

would be written  in vector notation and (x, y) 

→ (x + a, y  + b) in function notation. 

34. WRITING IN MATH Recall from Lesson 3-1 that
an invariant point maps onto itself. Can invariant 
points occur with translations? Explain why or why 
not. 

SOLUTION:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

ANSWER:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

35. On a grid triangle PQR has vertices P(2, 1), Q(3, –
1), and R(–1, –2) as shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). Find the coordinates of the vertices of triangle 
P'Q'R'. 
  
P' =  
Q' =  
R' =  
  
b. Which point lies in the interior of triangle P'Q'R'? 
A (0, –1) 
B (2, –4) 
C (–2, –4) 
D (–2, 2) 

SOLUTION:  
PQR has vertices P(2, 1), Q(3, –1), and R(–1, –2) as
shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). So the coordinates of the vertices of triangle 
P'Q'R' can be found by subtracting 2 from each x-
coordinate and adding 3 to each y-coordinate. 
  
P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. To find which point lies in the interior of triangle 
P'Q'R', either plot the image triangle on the 
coordinate plane and check, or notice that all of the 
image triangle is in quadrants I and II, and only 
answer choice D (–2, 2) is in either of those 
quadrants. 
  

ANSWER:  
a. P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. D 

36. Which of the following is the image of the line 
 under the translation (x, y) → (
)?  

A  
B  
C  
D  

SOLUTION:  
The translation of   can be 
thought of graphically, as a translation of the line 

 one unit to the left and one unit up. This 
would result in the translation graph seen below. The 
resulting line would be  . The correct 
choice is C. 

 

ANSWER:  
C 

37. Which of the following vectors will translate a point 
with the coordinates (3, –5) up and to the left on a 
coordinate plane? 
  
A  
B  
C  
D  

SOLUTION:  
The coordinates of the point do not matter, if a 
translation vector is to move a point up and to the 

left, the vector must be of the form , where a is
negative and b is positive. 
  
The correct answer is choice C. 

ANSWER:  
C 

38. Given a triangle with vertices A(–7, –1), B(–2, –3) 
and C(2, 4), which of the following represents the 
coordinates of the vertices of the image after a 
translation of the triangle 5 units right and 3 units up? 
  
A A(–4, 4), B(1, 2) and C(5, 9) 
B A(–2, 2), B(3, 0) and C(7, 7) 
C A(–12, 2), B(–7, 0) and C(–3, 7) 
D A(–2, –4), B(3, –6) and C(7, 1) 

SOLUTION:  
To translate A(–7, –1), B(–2, –3) and C(2, 4) five 
units right and three units up, add 5 to each x-
coordinate and add 3 to each y-coordinate.  
  
A(–7, –1), B(–2, –3), C(2, 4) → A(–7 + 5, –1 + 3), B
(–2 + 5, –3 + 3), C(2 + 5, 4 + 3)  
which is equivalent to  A(–2, 2), B(3, 0), C(7, 7).  

ANSWER:  
B 

39. Which of the following statements is true for both the
translation  and the translation 

?  
A   A point and its image have the same y-
coordinate. 
B   Points on the x-axis are mapped to other points 
on the x-axis. 
C   The translation vector is . 
D    A point in Quadrant I is mapped to another point
in Quadrant I. 

SOLUTION:  
Option A cannot be true, as the 
translation   would translate 
each y-coordinate up 2 units.  
Option B cannot be true, as the translation 

 would translate the point (2,0) 
to (2,2), a point no longer on the x-axis.  
Option C cannot be true, as the translation vertex 
for   would be , not . 
Option D is the correct choice as any point with 
positive x and y  coordinates will remain positive with 
either translation. Therefore they will remain in 
Quadrant I. 

ANSWER:  
D 

40. What is the distance between any point and its image
under the translation ? 
Round to the nearest tenth. 

SOLUTION:  
The distance between any point and its image are the
same, under the same translation. Therefore, choose 
any point, find its image under the 
translation  , and then use 
the Distance Formula to find the distance between 
these two points.  
  
Example: The image of point  would be 

.  

 
      

ANSWER:  
7.2 

41. Under which of the following translations does the 
image of rectangle JKLM not overlap rectangle 
JKLM? 

               
A     
B    
C    
D     
E     

SOLUTION:  
For JKLM to not overlap its image, the translation of 
the x-coordinates would have to be either more than 
3 or less than negative 3, since the length of the 
rectangle is 3 units. The only choice for which this is 
true is D.  

ANSWER:  
D 

Copy the figure and the given translation 
vector. Then draw the translation of the figure 
along the translation vector. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point B' by marking off this distance along the line 
through vertex B, starting at B and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points C' and D'. 
Then connect vertices B', C', and D' to form the 
translated image. 
  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point W' by marking off this distance along the line 
through vertex W, starting at W and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect vertices W', X ', Y' and Z' to form 
the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

4. trapezoid JKLM with vertices J(2, 4), K(1, 1), L(5, 1)

and M (4, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(2 + 7, 4 + 1), K’(1 + 7, 1 + 1), L’(5 +
7, 1 + 1) and M ’(4 + 7, 4 + 1). 

 

ANSWER:  

 

5.  with vertices D(–8, 8), F(–10, 4), and G(–7, 

6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are D’(–8 + 5, 8 – 2), F’(–10 + 5, 4 – 2), and
G’(–7 + 5, 6 – 2). 

 

ANSWER:  

 

6. parallelogram WXYZ with vertices W(–6, –5), X(–2, –
5), Y(–1, –8), and Z(–5, –8); 

 

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–6 – 1, –5 + 4), X’(–2 – 1, –5 
+ 4), Y’(–1 – 1, –8 + 4), and Z’(–5 – 1, –8 + 4). 
  

   

ANSWER:  

 

7. VIDEO GAMES The object of the video game 
shown is to manipulate the colored tiles left or right 
as they fall from the top of the screen to completely 
fill each row without leaving empty spaces. If the 
starting position of the tile piece at the top of the 
screen is (x, y), use function notation to describe the 
translation that will fill the indicated row. 

 

SOLUTION:  
There is only one block space for the row to be 
complete. For the object to fit in the place, it should 
be moved 3 places right and 5 places down. So, the 

translation vector should be  

Therefore, the translation is  

ANSWER:  
 

TOOLS  Copy the figure and the given 
translation vector. Then draw the translation of 
the figure along the translation vector. 

8.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point J' by marking off this distance along the line 
through vertex J, starting at J and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect vertices J', K',  L', and M' to form
the translated image. 

 

ANSWER:  

 

9.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point A ' by marking off this distance along the line 
through vertex A , starting at A  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points B' and C'. 
Then connect vertices A ', B', and C' to form the 
translated image. 

 

ANSWER:  

 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
  
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point X ' by marking off this distance along the line 
through vertex X , starting at X  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect vertices X ', Y', and Z' to form the 
translated image. 

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point D' by marking off this distance along the line 
through vertex D, starting at D and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect vertices D', F', G' and H' to form 
the translated image. 

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point V' by marking off this distance along the line 
through vertex V, starting at V and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect vertices V', W', X ', Y' and Z' 
to form the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

14.  with vertices A(1, 6), B(3, 2), and C(4, 

7);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are A’(1 + 4, 6 – 1), B’(3 + 4, 2 – 1), and 
C’(4 + 4, 7 – 1). 

 

ANSWER:  

 

15.  with vertices M (4, –5), N(5, –8), and P(8, –
6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are M ’(4 – 2, –5 + 5), N’(5 – 2, –8 + 5), and 
P’(8 – , –6 + 5). 

 

ANSWER:  

 

16. rectangle QRST with vertices Q(–8, 4), R(–8, 2), S(–
3, 2), and T(–3, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
rectangle are Q’(–8 + 2, 4 + 3), R’(–8 + 2, 2 + 3), 
S’(–3 + 2, 2 + 3), and T’(–3 + 2, 4 + 3). 

 

ANSWER:  

 

17. quadrilateral FGHJ with vertices F(–4, –2), G(–1, –
1), H(0, –4), and J(–3, –6);  

SOLUTION:  
The coordinates of the vertices of the translated 
quadrilateral are F’(–4 – 5, –2 – 2), G’(–1 – 5, –1 – 
2), H’(0 – 5, –4 – 2), and J’(–3 – 5, –6 – 2). 

 

ANSWER:  

 

18.  with vertices W(–3, –1), X(1, –1), Y(2, –4), 

and Z(–2, –4);  

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–3 – 3, –1 + 4), X’(1 – 3, –1 + 
4), Y’(2 – 3, –4 + 4), and Z’(–2 – 3, –4 + 4). 

 

ANSWER:  

 

19. trapezoid JKLM with vertices J(–4, –2), K(–1, –2), L

(0, –5), and M (–5, –5);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(–4 + 6, –2 + 5), K’(–1 + 6, –2 + 5), 
L’(0 + 6, –5 + 5), and M ’(–5 + 6, –5 + 5). 

 

ANSWER:  

 

20. PROBLEM SOLVING Brittany’s neighborhood is 
shown on the grid at the right. 

 
a. If she leaves home and travels 4 blocks north and 
3 blocks east, what is her new location? 
b. Use words to describe two possible translations 
that will take Brittany home from school. 

SOLUTION:  
a. Since the north side is marked upwards, travelling 
4 blocks north and 3 blocks east means moving 4 
blocks up and 3 blocks right. The point 4 blocks up 
and 3 blocks right to the home is the library. 
Therefore, her new location will be the library. 
b. The resultant vector must be . Any 
combination of vectors that form this resultant vector
will be satisfactory. 
  
 She can go west 5 blocks and then south 1 block, or 
she can go south 1 block and then west 5 blocks to 
reach the school. 

ANSWER:  
a. Library 
b. Sample answer: She can go west 5 blocks and 
then south 1 block, or she can go south 1 block and 
then west 5 blocks. 

21. FOOTBALL A wide receiver starts from his 15-
yard line on the right hash mark and runs a route that
takes him 12 yards to the left and down field for a 
gain of 17 yards. Write a translation vector to 
describe the receiver’s route. 

 

SOLUTION:  
The receiver starts on the right hash of the 15-yard 
line and moves 12 yards left and then 17 yards down 
field, or upwards as shown in the diagram.  

 
So, a translation vector that represents the receiver's 

route would be    

ANSWER:  
 

22. MULTI-STEP Each type of chess piece has a rule
for how it can be moved. A knight can move two 
squares horizontally and then one square vertically, 
or two squares vertically and one square 
horizontally. The bishop can only move diagonally. 
When a chess piece moves to a space that is 
occupied by an opponent’s piece, it is attacking that
piece. 

                            
a. What is the maximum number of knights that 
could be placed on an 8 by 8 chessboard so that 
none of the pieces can attack each other? What is 
the maximum number of bishops?  
b. Explain your solution process.  

SOLUTION:  
a-b.  I began by analyzing the movements of a single
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. Therefore,  is the 
maximum number of knight on an 8 by 8 
chessboard so that none can attack each other.  
      The bishops can move diagonally in any 
direction. I began by filling the entire first row of the 
chessboard with bishops. I crossed off all of the 
squares that could no longer be occupied by 
another bishop. From the remaining spaces 
available, you can fit the most bishops along the last 
row. Because the first and last square on the row 
can be attacked by a bishop on the opposite side of
the board, there are only 6 spaces available. So, 14
bishops can occupy a chessboard without being 
able to attack one another. 

 

ANSWER:  
a.  32; 14 
b. I began by analyzing the movements of a single 
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. The bishops can move 
diagonally in any direction. I began by filling the 
entire first row of the chessboard with bishops. I 
crossed off all of the squares that could no longer 
be occupied by another bishop. From the remaining
spaces available, you can fit the most bishops along 
the last row. Because the first and last square on the
row can be attacked by a bishop on the opposite 
side of the board, there are only 6 spaces available. 
So, 14 bishops can occupy a chessboard without 
being able to attack one another. 

Write each translation vector that maps the 
blue preimage to the green image. 

23.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue triangle is at (–2, 4). The top vertex of the green
triangle is at (1, –1), Subtract the coordinates. 
  
1 – (–2) = 3 
–1 – 4 = –5 
  
The triangle has been translated 3 units right and 5 

units down. So, the translation vector is  

ANSWER:  
 

24.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue pentagon is at (2, 0). The top vertex of the green
pentagon is at (–4, 4), Subtract the coordinates. 
  
–4 – (2) = –6 
4 – 0 = 4 
  
The pentagon has been translated 6 units left and 4 

units up. So, the translation vector is  

ANSWER:  
 

25. CONCERTS Dexter’s family buys tickets every 
year for a concert. Last year they were in seats C3, 
C4, C5, and C6. This year, they will be in seats D16, 
D17, D18, and D19. Write a translation in words and 
using vector notation that can be used to describe the
change in their seating. 

 

SOLUTION:  
Pick a seat from the new row and compare it to the 
corresponding seat in the previous row. The seat 
D16 is 13 seats right and 1 row back to C3. 
Therefore, the translation vector can be represented 

as  

ANSWER:  
They move to the right 13 seats and back one row; 

 

SENSE-MAKING Graph the translation of each
function along the given vector. Then write the 
equation of the translated image. 

26.   

 

SOLUTION:  

The translation of translates each point of 

 4 units right and 1 unit up. Thus,  the vertex 
of (0, 0) will translate to (4, 1). (1, 1) translates to (5, 
2) and (–1, 1) translates to (3, 2), etc. 
  

 
The equation for the translated function is y  = (x – 4)
2
 + 1. 

ANSWER:  

 
y = (x – 4)

2
 + 1 

27.   

 

SOLUTION:  

The translation of    translates each point of 

 2 units left. Thus,  the intercept of (0, 0) 
will translate to (–2, 0). (1, –1) translates to (–1, –1) 
and (–1, 1) translates to (–3, 1), etc. 
  

 
The equation of the translated function is y  = –(x + 

2)
3. 

ANSWER:  

 
y = –(x + 2)

3 

28. ROLLER COASTERS The length of the roller 
coaster track from the top of a hill to the bottom of 
the hill is 125 feet at a 53° angle with the vertical. If 
the position at the top of the hill is (x, y), use function 
notation to describe the translation to the bottom of 
the hill. Round to the nearest foot. 

SOLUTION:  
We have a triangle as shown. 

 
Use trigonometric ratios to find the vertical and 
horizontal changes of the coordinates of points from 
A to B. 
  

 

  
The vertex B is 75 ft down and 100 ft left to A. 
Therefore, the translation is (x, y) → (x – 75, y  – 
100). 

ANSWER:  
(x, y) → (x + 75, y  – 100) 

29. MULTIPLE REPRESENTATIONS In this 
problem, you will investigate reflections over a pair of
parallel lines. 

 
a. GEOMETRIC On patty paper, draw and 
a pair of vertical lines  l and m. Reflect in line l  by 
folding the patty paper. Then reflect, , in line 

m. Label the final image . 

b. GEOMETRIC Repeat the process in part a for 

reflected in vertical lines n and p  and 

 reflected in vertical lines q and r. 
c. TABULAR Copy and complete the table below. 

 
d. VERBAL Describe the result of two reflections 
in two vertical lines using one transformation. 

SOLUTION:  
a. 
Step 1: Draw ABC and line l and line m.  
Step 2: Fold the paper on line l.  Sketch the figure 
A'B'C'. 
Step 3: Fold the paper on line m.  Sketch the figure 
A''B''C''. 

 
  
b. 
Draw another triangle DEF and line n and line p  . 
Reflect twice following the steps in part a.  

 
  
Draw another triangle JKL and line q and line r . 
Reflect twice following the steps in part a.  
  

 
  
c. 

   
  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

ANSWER:  
a. 

 
b. 

 

 

c.  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

30. REASONING Determine a rule to find the final 
image of a point that is translated along 

and then . 

SOLUTION:  

Translating along  and then along   is 

same as translating along . Therefore, 

the translation vector is  

ANSWER:  
 

31. CHALLENGE A line y  = mx + b is translated using

the vector . Write the equation of the translated

line. What is the value of the y-intercept? 

SOLUTION:  

The vector  maps the point (x, y) → (x + a, y  +

b).  
  
Step 1: Identify two points on the line y  = mx + b. 

When x = 0, y  = b. When y  = 0, x = . So two 

points on the line y  = mx + b are (0, b) and ( , 
0).  
  
Step 2: Find the location of these points under the 
vector translation .  

(0, b) → (0 + a, b + b) → (a, 2b) 
  

( , 0) → (  + a, 0 + b) → (  + a, b) 
  
Step 3: Use these points to determine the equation 
of the translated line.  
  

 
  
Since the line is translated with its orientation 
unchanged we would expect the slope of the line to 
remain unchanged. Substituting the point (a, 2b) into
the equation  we will find   , the y -
intercept of the translated line.  

 
  
Note that if we had used the second point on the 
translated line, we would have arrived at the same 
value for the new y -intercept. 

 
  
Substituting the value of the new y -intercept into the
equation, we arrive at the equation for the translated
line.  

 
Combine like terms.  

 

ANSWER:  

y = m(x – a) + 2b; 2b – ma 

32. OPEN-ENDED Draw a figure on the coordinate 
plane so that the figure has the same orientation after
it is reflected in the line y  = 1. Explain what must be 
true in order for this to occur. 

SOLUTION:  
Draw figure ABCD with vertices at  A(–4, 8), B (4, 
8), C (4, 4), and D(–, 4). Draw the line y  = 1. 

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

 
In order for the figures ABCD and A'B'C'D' to be the
same, they must match up when you fold the grid in 
half horizontally at the y = 1 line. 

ANSWER:  

 
Sample answer: in order for the figure to be the 
same, it must match up when you fold it in half 
horizontally at the y  = 1 line. 

33. WRITING IN MATH Compare and contrast 
function notation and vector notation for translations. 

SOLUTION:  
Both vector notation and function notation describe 
the distance a figure is translated in the horizontal 
and vertical directions. Vector notation only 
describes the movement. It does not determine the 
beginning and ending locations. Function notation 
does both. It will give the initial point, the distance of 
the horizontal and vertical translation, and the ending 
point. For example, the translation a units to the right 
and b units up from the point (x, y) would be written 

 in vector notation and (x, y) → (x + a, y  + b) 

in function notation. 

ANSWER:  
Sample answer: Both vector notation and function 
notation describe the distance a figure is translated in
the horizontal and vertical directions. Vector notation 
does not give a rule in terms of initial location, but 
function notation does. For example, the translation a 
units to the right and b units up from the point (x, y) 

would be written  in vector notation and (x, y) 

→ (x + a, y  + b) in function notation. 

34. WRITING IN MATH Recall from Lesson 3-1 that
an invariant point maps onto itself. Can invariant 
points occur with translations? Explain why or why 
not. 

SOLUTION:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

ANSWER:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

35. On a grid triangle PQR has vertices P(2, 1), Q(3, –
1), and R(–1, –2) as shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). Find the coordinates of the vertices of triangle 
P'Q'R'. 
  
P' =  
Q' =  
R' =  
  
b. Which point lies in the interior of triangle P'Q'R'? 
A (0, –1) 
B (2, –4) 
C (–2, –4) 
D (–2, 2) 

SOLUTION:  
PQR has vertices P(2, 1), Q(3, –1), and R(–1, –2) as
shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). So the coordinates of the vertices of triangle 
P'Q'R' can be found by subtracting 2 from each x-
coordinate and adding 3 to each y-coordinate. 
  
P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. To find which point lies in the interior of triangle 
P'Q'R', either plot the image triangle on the 
coordinate plane and check, or notice that all of the 
image triangle is in quadrants I and II, and only 
answer choice D (–2, 2) is in either of those 
quadrants. 
  

ANSWER:  
a. P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. D 

36. Which of the following is the image of the line 
 under the translation (x, y) → (
)?  

A  
B  
C  
D  

SOLUTION:  
The translation of   can be 
thought of graphically, as a translation of the line 

 one unit to the left and one unit up. This 
would result in the translation graph seen below. The 
resulting line would be  . The correct 
choice is C. 

 

ANSWER:  
C 

37. Which of the following vectors will translate a point 
with the coordinates (3, –5) up and to the left on a 
coordinate plane? 
  
A  
B  
C  
D  

SOLUTION:  
The coordinates of the point do not matter, if a 
translation vector is to move a point up and to the 

left, the vector must be of the form , where a is
negative and b is positive. 
  
The correct answer is choice C. 

ANSWER:  
C 

38. Given a triangle with vertices A(–7, –1), B(–2, –3) 
and C(2, 4), which of the following represents the 
coordinates of the vertices of the image after a 
translation of the triangle 5 units right and 3 units up? 
  
A A(–4, 4), B(1, 2) and C(5, 9) 
B A(–2, 2), B(3, 0) and C(7, 7) 
C A(–12, 2), B(–7, 0) and C(–3, 7) 
D A(–2, –4), B(3, –6) and C(7, 1) 

SOLUTION:  
To translate A(–7, –1), B(–2, –3) and C(2, 4) five 
units right and three units up, add 5 to each x-
coordinate and add 3 to each y-coordinate.  
  
A(–7, –1), B(–2, –3), C(2, 4) → A(–7 + 5, –1 + 3), B
(–2 + 5, –3 + 3), C(2 + 5, 4 + 3)  
which is equivalent to  A(–2, 2), B(3, 0), C(7, 7).  

ANSWER:  
B 

39. Which of the following statements is true for both the
translation  and the translation 

?  
A   A point and its image have the same y-
coordinate. 
B   Points on the x-axis are mapped to other points 
on the x-axis. 
C   The translation vector is . 
D    A point in Quadrant I is mapped to another point
in Quadrant I. 

SOLUTION:  
Option A cannot be true, as the 
translation   would translate 
each y-coordinate up 2 units.  
Option B cannot be true, as the translation 

 would translate the point (2,0) 
to (2,2), a point no longer on the x-axis.  
Option C cannot be true, as the translation vertex 
for   would be , not . 
Option D is the correct choice as any point with 
positive x and y  coordinates will remain positive with 
either translation. Therefore they will remain in 
Quadrant I. 

ANSWER:  
D 

40. What is the distance between any point and its image
under the translation ? 
Round to the nearest tenth. 

SOLUTION:  
The distance between any point and its image are the
same, under the same translation. Therefore, choose 
any point, find its image under the 
translation  , and then use 
the Distance Formula to find the distance between 
these two points.  
  
Example: The image of point  would be 

.  

 
      

ANSWER:  
7.2 

41. Under which of the following translations does the 
image of rectangle JKLM not overlap rectangle 
JKLM? 

               
A     
B    
C    
D     
E     

SOLUTION:  
For JKLM to not overlap its image, the translation of 
the x-coordinates would have to be either more than 
3 or less than negative 3, since the length of the 
rectangle is 3 units. The only choice for which this is 
true is D.  

ANSWER:  
D 
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3-2 Translations 



Copy the figure and the given translation 
vector. Then draw the translation of the figure 
along the translation vector. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point B' by marking off this distance along the line 
through vertex B, starting at B and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points C' and D'. 
Then connect vertices B', C', and D' to form the 
translated image. 
  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point W' by marking off this distance along the line 
through vertex W, starting at W and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect vertices W', X ', Y' and Z' to form 
the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

4. trapezoid JKLM with vertices J(2, 4), K(1, 1), L(5, 1)

and M (4, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(2 + 7, 4 + 1), K’(1 + 7, 1 + 1), L’(5 +
7, 1 + 1) and M ’(4 + 7, 4 + 1). 

 

ANSWER:  

 

5.  with vertices D(–8, 8), F(–10, 4), and G(–7, 

6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are D’(–8 + 5, 8 – 2), F’(–10 + 5, 4 – 2), and
G’(–7 + 5, 6 – 2). 

 

ANSWER:  

 

6. parallelogram WXYZ with vertices W(–6, –5), X(–2, –
5), Y(–1, –8), and Z(–5, –8); 

 

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–6 – 1, –5 + 4), X’(–2 – 1, –5 
+ 4), Y’(–1 – 1, –8 + 4), and Z’(–5 – 1, –8 + 4). 
  

   

ANSWER:  

 

7. VIDEO GAMES The object of the video game 
shown is to manipulate the colored tiles left or right 
as they fall from the top of the screen to completely 
fill each row without leaving empty spaces. If the 
starting position of the tile piece at the top of the 
screen is (x, y), use function notation to describe the 
translation that will fill the indicated row. 

 

SOLUTION:  
There is only one block space for the row to be 
complete. For the object to fit in the place, it should 
be moved 3 places right and 5 places down. So, the 

translation vector should be  

Therefore, the translation is  

ANSWER:  
 

TOOLS  Copy the figure and the given 
translation vector. Then draw the translation of 
the figure along the translation vector. 

8.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point J' by marking off this distance along the line 
through vertex J, starting at J and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect vertices J', K',  L', and M' to form
the translated image. 

 

ANSWER:  

 

9.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point A ' by marking off this distance along the line 
through vertex A , starting at A  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points B' and C'. 
Then connect vertices A ', B', and C' to form the 
translated image. 

 

ANSWER:  

 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
  
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point X ' by marking off this distance along the line 
through vertex X , starting at X  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect vertices X ', Y', and Z' to form the 
translated image. 

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point D' by marking off this distance along the line 
through vertex D, starting at D and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect vertices D', F', G' and H' to form 
the translated image. 

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point V' by marking off this distance along the line 
through vertex V, starting at V and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect vertices V', W', X ', Y' and Z' 
to form the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

14.  with vertices A(1, 6), B(3, 2), and C(4, 

7);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are A’(1 + 4, 6 – 1), B’(3 + 4, 2 – 1), and 
C’(4 + 4, 7 – 1). 

 

ANSWER:  

 

15.  with vertices M (4, –5), N(5, –8), and P(8, –
6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are M ’(4 – 2, –5 + 5), N’(5 – 2, –8 + 5), and 
P’(8 – , –6 + 5). 

 

ANSWER:  

 

16. rectangle QRST with vertices Q(–8, 4), R(–8, 2), S(–
3, 2), and T(–3, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
rectangle are Q’(–8 + 2, 4 + 3), R’(–8 + 2, 2 + 3), 
S’(–3 + 2, 2 + 3), and T’(–3 + 2, 4 + 3). 

 

ANSWER:  

 

17. quadrilateral FGHJ with vertices F(–4, –2), G(–1, –
1), H(0, –4), and J(–3, –6);  

SOLUTION:  
The coordinates of the vertices of the translated 
quadrilateral are F’(–4 – 5, –2 – 2), G’(–1 – 5, –1 – 
2), H’(0 – 5, –4 – 2), and J’(–3 – 5, –6 – 2). 

 

ANSWER:  

 

18.  with vertices W(–3, –1), X(1, –1), Y(2, –4), 

and Z(–2, –4);  

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–3 – 3, –1 + 4), X’(1 – 3, –1 + 
4), Y’(2 – 3, –4 + 4), and Z’(–2 – 3, –4 + 4). 

 

ANSWER:  

 

19. trapezoid JKLM with vertices J(–4, –2), K(–1, –2), L

(0, –5), and M (–5, –5);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(–4 + 6, –2 + 5), K’(–1 + 6, –2 + 5), 
L’(0 + 6, –5 + 5), and M ’(–5 + 6, –5 + 5). 

 

ANSWER:  

 

20. PROBLEM SOLVING Brittany’s neighborhood is 
shown on the grid at the right. 

 
a. If she leaves home and travels 4 blocks north and 
3 blocks east, what is her new location? 
b. Use words to describe two possible translations 
that will take Brittany home from school. 

SOLUTION:  
a. Since the north side is marked upwards, travelling 
4 blocks north and 3 blocks east means moving 4 
blocks up and 3 blocks right. The point 4 blocks up 
and 3 blocks right to the home is the library. 
Therefore, her new location will be the library. 
b. The resultant vector must be . Any 
combination of vectors that form this resultant vector
will be satisfactory. 
  
 She can go west 5 blocks and then south 1 block, or 
she can go south 1 block and then west 5 blocks to 
reach the school. 

ANSWER:  
a. Library 
b. Sample answer: She can go west 5 blocks and 
then south 1 block, or she can go south 1 block and 
then west 5 blocks. 

21. FOOTBALL A wide receiver starts from his 15-
yard line on the right hash mark and runs a route that
takes him 12 yards to the left and down field for a 
gain of 17 yards. Write a translation vector to 
describe the receiver’s route. 

 

SOLUTION:  
The receiver starts on the right hash of the 15-yard 
line and moves 12 yards left and then 17 yards down 
field, or upwards as shown in the diagram.  

 
So, a translation vector that represents the receiver's 

route would be    

ANSWER:  
 

22. MULTI-STEP Each type of chess piece has a rule
for how it can be moved. A knight can move two 
squares horizontally and then one square vertically, 
or two squares vertically and one square 
horizontally. The bishop can only move diagonally. 
When a chess piece moves to a space that is 
occupied by an opponent’s piece, it is attacking that
piece. 

                            
a. What is the maximum number of knights that 
could be placed on an 8 by 8 chessboard so that 
none of the pieces can attack each other? What is 
the maximum number of bishops?  
b. Explain your solution process.  

SOLUTION:  
a-b.  I began by analyzing the movements of a single
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. Therefore,  is the 
maximum number of knight on an 8 by 8 
chessboard so that none can attack each other.  
      The bishops can move diagonally in any 
direction. I began by filling the entire first row of the 
chessboard with bishops. I crossed off all of the 
squares that could no longer be occupied by 
another bishop. From the remaining spaces 
available, you can fit the most bishops along the last 
row. Because the first and last square on the row 
can be attacked by a bishop on the opposite side of
the board, there are only 6 spaces available. So, 14
bishops can occupy a chessboard without being 
able to attack one another. 

 

ANSWER:  
a.  32; 14 
b. I began by analyzing the movements of a single 
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. The bishops can move 
diagonally in any direction. I began by filling the 
entire first row of the chessboard with bishops. I 
crossed off all of the squares that could no longer 
be occupied by another bishop. From the remaining
spaces available, you can fit the most bishops along 
the last row. Because the first and last square on the
row can be attacked by a bishop on the opposite 
side of the board, there are only 6 spaces available. 
So, 14 bishops can occupy a chessboard without 
being able to attack one another. 

Write each translation vector that maps the 
blue preimage to the green image. 

23.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue triangle is at (–2, 4). The top vertex of the green
triangle is at (1, –1), Subtract the coordinates. 
  
1 – (–2) = 3 
–1 – 4 = –5 
  
The triangle has been translated 3 units right and 5 

units down. So, the translation vector is  

ANSWER:  
 

24.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue pentagon is at (2, 0). The top vertex of the green
pentagon is at (–4, 4), Subtract the coordinates. 
  
–4 – (2) = –6 
4 – 0 = 4 
  
The pentagon has been translated 6 units left and 4 

units up. So, the translation vector is  

ANSWER:  
 

25. CONCERTS Dexter’s family buys tickets every 
year for a concert. Last year they were in seats C3, 
C4, C5, and C6. This year, they will be in seats D16, 
D17, D18, and D19. Write a translation in words and 
using vector notation that can be used to describe the
change in their seating. 

 

SOLUTION:  
Pick a seat from the new row and compare it to the 
corresponding seat in the previous row. The seat 
D16 is 13 seats right and 1 row back to C3. 
Therefore, the translation vector can be represented 

as  

ANSWER:  
They move to the right 13 seats and back one row; 

 

SENSE-MAKING Graph the translation of each
function along the given vector. Then write the 
equation of the translated image. 

26.   

 

SOLUTION:  

The translation of translates each point of 

 4 units right and 1 unit up. Thus,  the vertex 
of (0, 0) will translate to (4, 1). (1, 1) translates to (5, 
2) and (–1, 1) translates to (3, 2), etc. 
  

 
The equation for the translated function is y  = (x – 4)
2
 + 1. 

ANSWER:  

 
y = (x – 4)

2
 + 1 

27.   

 

SOLUTION:  

The translation of    translates each point of 

 2 units left. Thus,  the intercept of (0, 0) 
will translate to (–2, 0). (1, –1) translates to (–1, –1) 
and (–1, 1) translates to (–3, 1), etc. 
  

 
The equation of the translated function is y  = –(x + 

2)
3. 

ANSWER:  

 
y = –(x + 2)

3 

28. ROLLER COASTERS The length of the roller 
coaster track from the top of a hill to the bottom of 
the hill is 125 feet at a 53° angle with the vertical. If 
the position at the top of the hill is (x, y), use function 
notation to describe the translation to the bottom of 
the hill. Round to the nearest foot. 

SOLUTION:  
We have a triangle as shown. 

 
Use trigonometric ratios to find the vertical and 
horizontal changes of the coordinates of points from 
A to B. 
  

 

  
The vertex B is 75 ft down and 100 ft left to A. 
Therefore, the translation is (x, y) → (x – 75, y  – 
100). 

ANSWER:  
(x, y) → (x + 75, y  – 100) 

29. MULTIPLE REPRESENTATIONS In this 
problem, you will investigate reflections over a pair of
parallel lines. 

 
a. GEOMETRIC On patty paper, draw and 
a pair of vertical lines  l and m. Reflect in line l  by 
folding the patty paper. Then reflect, , in line 

m. Label the final image . 

b. GEOMETRIC Repeat the process in part a for 

reflected in vertical lines n and p  and 

 reflected in vertical lines q and r. 
c. TABULAR Copy and complete the table below. 

 
d. VERBAL Describe the result of two reflections 
in two vertical lines using one transformation. 

SOLUTION:  
a. 
Step 1: Draw ABC and line l and line m.  
Step 2: Fold the paper on line l.  Sketch the figure 
A'B'C'. 
Step 3: Fold the paper on line m.  Sketch the figure 
A''B''C''. 

 
  
b. 
Draw another triangle DEF and line n and line p  . 
Reflect twice following the steps in part a.  

 
  
Draw another triangle JKL and line q and line r . 
Reflect twice following the steps in part a.  
  

 
  
c. 

   
  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

ANSWER:  
a. 

 
b. 

 

 

c.  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

30. REASONING Determine a rule to find the final 
image of a point that is translated along 

and then . 

SOLUTION:  

Translating along  and then along   is 

same as translating along . Therefore, 

the translation vector is  

ANSWER:  
 

31. CHALLENGE A line y  = mx + b is translated using

the vector . Write the equation of the translated

line. What is the value of the y-intercept? 

SOLUTION:  

The vector  maps the point (x, y) → (x + a, y  +

b).  
  
Step 1: Identify two points on the line y  = mx + b. 

When x = 0, y  = b. When y  = 0, x = . So two 

points on the line y  = mx + b are (0, b) and ( , 
0).  
  
Step 2: Find the location of these points under the 
vector translation .  

(0, b) → (0 + a, b + b) → (a, 2b) 
  

( , 0) → (  + a, 0 + b) → (  + a, b) 
  
Step 3: Use these points to determine the equation 
of the translated line.  
  

 
  
Since the line is translated with its orientation 
unchanged we would expect the slope of the line to 
remain unchanged. Substituting the point (a, 2b) into
the equation  we will find   , the y -
intercept of the translated line.  

 
  
Note that if we had used the second point on the 
translated line, we would have arrived at the same 
value for the new y -intercept. 

 
  
Substituting the value of the new y -intercept into the
equation, we arrive at the equation for the translated
line.  

 
Combine like terms.  

 

ANSWER:  

y = m(x – a) + 2b; 2b – ma 

32. OPEN-ENDED Draw a figure on the coordinate 
plane so that the figure has the same orientation after
it is reflected in the line y  = 1. Explain what must be 
true in order for this to occur. 

SOLUTION:  
Draw figure ABCD with vertices at  A(–4, 8), B (4, 
8), C (4, 4), and D(–, 4). Draw the line y  = 1. 

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

 
In order for the figures ABCD and A'B'C'D' to be the
same, they must match up when you fold the grid in 
half horizontally at the y = 1 line. 

ANSWER:  

 
Sample answer: in order for the figure to be the 
same, it must match up when you fold it in half 
horizontally at the y  = 1 line. 

33. WRITING IN MATH Compare and contrast 
function notation and vector notation for translations. 

SOLUTION:  
Both vector notation and function notation describe 
the distance a figure is translated in the horizontal 
and vertical directions. Vector notation only 
describes the movement. It does not determine the 
beginning and ending locations. Function notation 
does both. It will give the initial point, the distance of 
the horizontal and vertical translation, and the ending 
point. For example, the translation a units to the right 
and b units up from the point (x, y) would be written 

 in vector notation and (x, y) → (x + a, y  + b) 

in function notation. 

ANSWER:  
Sample answer: Both vector notation and function 
notation describe the distance a figure is translated in
the horizontal and vertical directions. Vector notation 
does not give a rule in terms of initial location, but 
function notation does. For example, the translation a 
units to the right and b units up from the point (x, y) 

would be written  in vector notation and (x, y) 

→ (x + a, y  + b) in function notation. 

34. WRITING IN MATH Recall from Lesson 3-1 that
an invariant point maps onto itself. Can invariant 
points occur with translations? Explain why or why 
not. 

SOLUTION:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

ANSWER:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

35. On a grid triangle PQR has vertices P(2, 1), Q(3, –
1), and R(–1, –2) as shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). Find the coordinates of the vertices of triangle 
P'Q'R'. 
  
P' =  
Q' =  
R' =  
  
b. Which point lies in the interior of triangle P'Q'R'? 
A (0, –1) 
B (2, –4) 
C (–2, –4) 
D (–2, 2) 

SOLUTION:  
PQR has vertices P(2, 1), Q(3, –1), and R(–1, –2) as
shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). So the coordinates of the vertices of triangle 
P'Q'R' can be found by subtracting 2 from each x-
coordinate and adding 3 to each y-coordinate. 
  
P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. To find which point lies in the interior of triangle 
P'Q'R', either plot the image triangle on the 
coordinate plane and check, or notice that all of the 
image triangle is in quadrants I and II, and only 
answer choice D (–2, 2) is in either of those 
quadrants. 
  

ANSWER:  
a. P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. D 

36. Which of the following is the image of the line 
 under the translation (x, y) → (
)?  

A  
B  
C  
D  

SOLUTION:  
The translation of   can be 
thought of graphically, as a translation of the line 

 one unit to the left and one unit up. This 
would result in the translation graph seen below. The 
resulting line would be  . The correct 
choice is C. 

 

ANSWER:  
C 

37. Which of the following vectors will translate a point 
with the coordinates (3, –5) up and to the left on a 
coordinate plane? 
  
A  
B  
C  
D  

SOLUTION:  
The coordinates of the point do not matter, if a 
translation vector is to move a point up and to the 

left, the vector must be of the form , where a is
negative and b is positive. 
  
The correct answer is choice C. 

ANSWER:  
C 

38. Given a triangle with vertices A(–7, –1), B(–2, –3) 
and C(2, 4), which of the following represents the 
coordinates of the vertices of the image after a 
translation of the triangle 5 units right and 3 units up? 
  
A A(–4, 4), B(1, 2) and C(5, 9) 
B A(–2, 2), B(3, 0) and C(7, 7) 
C A(–12, 2), B(–7, 0) and C(–3, 7) 
D A(–2, –4), B(3, –6) and C(7, 1) 

SOLUTION:  
To translate A(–7, –1), B(–2, –3) and C(2, 4) five 
units right and three units up, add 5 to each x-
coordinate and add 3 to each y-coordinate.  
  
A(–7, –1), B(–2, –3), C(2, 4) → A(–7 + 5, –1 + 3), B
(–2 + 5, –3 + 3), C(2 + 5, 4 + 3)  
which is equivalent to  A(–2, 2), B(3, 0), C(7, 7).  

ANSWER:  
B 

39. Which of the following statements is true for both the
translation  and the translation 

?  
A   A point and its image have the same y-
coordinate. 
B   Points on the x-axis are mapped to other points 
on the x-axis. 
C   The translation vector is . 
D    A point in Quadrant I is mapped to another point
in Quadrant I. 

SOLUTION:  
Option A cannot be true, as the 
translation   would translate 
each y-coordinate up 2 units.  
Option B cannot be true, as the translation 

 would translate the point (2,0) 
to (2,2), a point no longer on the x-axis.  
Option C cannot be true, as the translation vertex 
for   would be , not . 
Option D is the correct choice as any point with 
positive x and y  coordinates will remain positive with 
either translation. Therefore they will remain in 
Quadrant I. 

ANSWER:  
D 

40. What is the distance between any point and its image
under the translation ? 
Round to the nearest tenth. 

SOLUTION:  
The distance between any point and its image are the
same, under the same translation. Therefore, choose 
any point, find its image under the 
translation  , and then use 
the Distance Formula to find the distance between 
these two points.  
  
Example: The image of point  would be 

.  

 
      

ANSWER:  
7.2 

41. Under which of the following translations does the 
image of rectangle JKLM not overlap rectangle 
JKLM? 

               
A     
B    
C    
D     
E     

SOLUTION:  
For JKLM to not overlap its image, the translation of 
the x-coordinates would have to be either more than 
3 or less than negative 3, since the length of the 
rectangle is 3 units. The only choice for which this is 
true is D.  

ANSWER:  
D 

Copy the figure and the given translation 
vector. Then draw the translation of the figure 
along the translation vector. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point B' by marking off this distance along the line 
through vertex B, starting at B and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points C' and D'. 
Then connect vertices B', C', and D' to form the 
translated image. 
  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point W' by marking off this distance along the line 
through vertex W, starting at W and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect vertices W', X ', Y' and Z' to form 
the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

4. trapezoid JKLM with vertices J(2, 4), K(1, 1), L(5, 1)

and M (4, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(2 + 7, 4 + 1), K’(1 + 7, 1 + 1), L’(5 +
7, 1 + 1) and M ’(4 + 7, 4 + 1). 

 

ANSWER:  

 

5.  with vertices D(–8, 8), F(–10, 4), and G(–7, 

6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are D’(–8 + 5, 8 – 2), F’(–10 + 5, 4 – 2), and
G’(–7 + 5, 6 – 2). 

 

ANSWER:  

 

6. parallelogram WXYZ with vertices W(–6, –5), X(–2, –
5), Y(–1, –8), and Z(–5, –8); 

 

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–6 – 1, –5 + 4), X’(–2 – 1, –5 
+ 4), Y’(–1 – 1, –8 + 4), and Z’(–5 – 1, –8 + 4). 
  

   

ANSWER:  

 

7. VIDEO GAMES The object of the video game 
shown is to manipulate the colored tiles left or right 
as they fall from the top of the screen to completely 
fill each row without leaving empty spaces. If the 
starting position of the tile piece at the top of the 
screen is (x, y), use function notation to describe the 
translation that will fill the indicated row. 

 

SOLUTION:  
There is only one block space for the row to be 
complete. For the object to fit in the place, it should 
be moved 3 places right and 5 places down. So, the 

translation vector should be  

Therefore, the translation is  

ANSWER:  
 

TOOLS  Copy the figure and the given 
translation vector. Then draw the translation of 
the figure along the translation vector. 

8.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point J' by marking off this distance along the line 
through vertex J, starting at J and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect vertices J', K',  L', and M' to form
the translated image. 

 

ANSWER:  

 

9.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point A ' by marking off this distance along the line 
through vertex A , starting at A  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points B' and C'. 
Then connect vertices A ', B', and C' to form the 
translated image. 

 

ANSWER:  

 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
  
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point X ' by marking off this distance along the line 
through vertex X , starting at X  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect vertices X ', Y', and Z' to form the 
translated image. 

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point D' by marking off this distance along the line 
through vertex D, starting at D and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect vertices D', F', G' and H' to form 
the translated image. 

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point V' by marking off this distance along the line 
through vertex V, starting at V and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect vertices V', W', X ', Y' and Z' 
to form the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

14.  with vertices A(1, 6), B(3, 2), and C(4, 

7);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are A’(1 + 4, 6 – 1), B’(3 + 4, 2 – 1), and 
C’(4 + 4, 7 – 1). 

 

ANSWER:  

 

15.  with vertices M (4, –5), N(5, –8), and P(8, –
6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are M ’(4 – 2, –5 + 5), N’(5 – 2, –8 + 5), and 
P’(8 – , –6 + 5). 

 

ANSWER:  

 

16. rectangle QRST with vertices Q(–8, 4), R(–8, 2), S(–
3, 2), and T(–3, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
rectangle are Q’(–8 + 2, 4 + 3), R’(–8 + 2, 2 + 3), 
S’(–3 + 2, 2 + 3), and T’(–3 + 2, 4 + 3). 

 

ANSWER:  

 

17. quadrilateral FGHJ with vertices F(–4, –2), G(–1, –
1), H(0, –4), and J(–3, –6);  

SOLUTION:  
The coordinates of the vertices of the translated 
quadrilateral are F’(–4 – 5, –2 – 2), G’(–1 – 5, –1 – 
2), H’(0 – 5, –4 – 2), and J’(–3 – 5, –6 – 2). 

 

ANSWER:  

 

18.  with vertices W(–3, –1), X(1, –1), Y(2, –4), 

and Z(–2, –4);  

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–3 – 3, –1 + 4), X’(1 – 3, –1 + 
4), Y’(2 – 3, –4 + 4), and Z’(–2 – 3, –4 + 4). 

 

ANSWER:  

 

19. trapezoid JKLM with vertices J(–4, –2), K(–1, –2), L

(0, –5), and M (–5, –5);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(–4 + 6, –2 + 5), K’(–1 + 6, –2 + 5), 
L’(0 + 6, –5 + 5), and M ’(–5 + 6, –5 + 5). 

 

ANSWER:  

 

20. PROBLEM SOLVING Brittany’s neighborhood is 
shown on the grid at the right. 

 
a. If she leaves home and travels 4 blocks north and 
3 blocks east, what is her new location? 
b. Use words to describe two possible translations 
that will take Brittany home from school. 

SOLUTION:  
a. Since the north side is marked upwards, travelling 
4 blocks north and 3 blocks east means moving 4 
blocks up and 3 blocks right. The point 4 blocks up 
and 3 blocks right to the home is the library. 
Therefore, her new location will be the library. 
b. The resultant vector must be . Any 
combination of vectors that form this resultant vector
will be satisfactory. 
  
 She can go west 5 blocks and then south 1 block, or 
she can go south 1 block and then west 5 blocks to 
reach the school. 

ANSWER:  
a. Library 
b. Sample answer: She can go west 5 blocks and 
then south 1 block, or she can go south 1 block and 
then west 5 blocks. 

21. FOOTBALL A wide receiver starts from his 15-
yard line on the right hash mark and runs a route that
takes him 12 yards to the left and down field for a 
gain of 17 yards. Write a translation vector to 
describe the receiver’s route. 

 

SOLUTION:  
The receiver starts on the right hash of the 15-yard 
line and moves 12 yards left and then 17 yards down 
field, or upwards as shown in the diagram.  

 
So, a translation vector that represents the receiver's 

route would be    

ANSWER:  
 

22. MULTI-STEP Each type of chess piece has a rule
for how it can be moved. A knight can move two 
squares horizontally and then one square vertically, 
or two squares vertically and one square 
horizontally. The bishop can only move diagonally. 
When a chess piece moves to a space that is 
occupied by an opponent’s piece, it is attacking that
piece. 

                            
a. What is the maximum number of knights that 
could be placed on an 8 by 8 chessboard so that 
none of the pieces can attack each other? What is 
the maximum number of bishops?  
b. Explain your solution process.  

SOLUTION:  
a-b.  I began by analyzing the movements of a single
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. Therefore,  is the 
maximum number of knight on an 8 by 8 
chessboard so that none can attack each other.  
      The bishops can move diagonally in any 
direction. I began by filling the entire first row of the 
chessboard with bishops. I crossed off all of the 
squares that could no longer be occupied by 
another bishop. From the remaining spaces 
available, you can fit the most bishops along the last 
row. Because the first and last square on the row 
can be attacked by a bishop on the opposite side of
the board, there are only 6 spaces available. So, 14
bishops can occupy a chessboard without being 
able to attack one another. 

 

ANSWER:  
a.  32; 14 
b. I began by analyzing the movements of a single 
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. The bishops can move 
diagonally in any direction. I began by filling the 
entire first row of the chessboard with bishops. I 
crossed off all of the squares that could no longer 
be occupied by another bishop. From the remaining
spaces available, you can fit the most bishops along 
the last row. Because the first and last square on the
row can be attacked by a bishop on the opposite 
side of the board, there are only 6 spaces available. 
So, 14 bishops can occupy a chessboard without 
being able to attack one another. 

Write each translation vector that maps the 
blue preimage to the green image. 

23.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue triangle is at (–2, 4). The top vertex of the green
triangle is at (1, –1), Subtract the coordinates. 
  
1 – (–2) = 3 
–1 – 4 = –5 
  
The triangle has been translated 3 units right and 5 

units down. So, the translation vector is  

ANSWER:  
 

24.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue pentagon is at (2, 0). The top vertex of the green
pentagon is at (–4, 4), Subtract the coordinates. 
  
–4 – (2) = –6 
4 – 0 = 4 
  
The pentagon has been translated 6 units left and 4 

units up. So, the translation vector is  

ANSWER:  
 

25. CONCERTS Dexter’s family buys tickets every 
year for a concert. Last year they were in seats C3, 
C4, C5, and C6. This year, they will be in seats D16, 
D17, D18, and D19. Write a translation in words and 
using vector notation that can be used to describe the
change in their seating. 

 

SOLUTION:  
Pick a seat from the new row and compare it to the 
corresponding seat in the previous row. The seat 
D16 is 13 seats right and 1 row back to C3. 
Therefore, the translation vector can be represented 

as  

ANSWER:  
They move to the right 13 seats and back one row; 

 

SENSE-MAKING Graph the translation of each
function along the given vector. Then write the 
equation of the translated image. 

26.   

 

SOLUTION:  

The translation of translates each point of 

 4 units right and 1 unit up. Thus,  the vertex 
of (0, 0) will translate to (4, 1). (1, 1) translates to (5, 
2) and (–1, 1) translates to (3, 2), etc. 
  

 
The equation for the translated function is y  = (x – 4)
2
 + 1. 

ANSWER:  

 
y = (x – 4)

2
 + 1 

27.   

 

SOLUTION:  

The translation of    translates each point of 

 2 units left. Thus,  the intercept of (0, 0) 
will translate to (–2, 0). (1, –1) translates to (–1, –1) 
and (–1, 1) translates to (–3, 1), etc. 
  

 
The equation of the translated function is y  = –(x + 

2)
3. 

ANSWER:  

 
y = –(x + 2)

3 

28. ROLLER COASTERS The length of the roller 
coaster track from the top of a hill to the bottom of 
the hill is 125 feet at a 53° angle with the vertical. If 
the position at the top of the hill is (x, y), use function 
notation to describe the translation to the bottom of 
the hill. Round to the nearest foot. 

SOLUTION:  
We have a triangle as shown. 

 
Use trigonometric ratios to find the vertical and 
horizontal changes of the coordinates of points from 
A to B. 
  

 

  
The vertex B is 75 ft down and 100 ft left to A. 
Therefore, the translation is (x, y) → (x – 75, y  – 
100). 

ANSWER:  
(x, y) → (x + 75, y  – 100) 

29. MULTIPLE REPRESENTATIONS In this 
problem, you will investigate reflections over a pair of
parallel lines. 

 
a. GEOMETRIC On patty paper, draw and 
a pair of vertical lines  l and m. Reflect in line l  by 
folding the patty paper. Then reflect, , in line 

m. Label the final image . 

b. GEOMETRIC Repeat the process in part a for 

reflected in vertical lines n and p  and 

 reflected in vertical lines q and r. 
c. TABULAR Copy and complete the table below. 

 
d. VERBAL Describe the result of two reflections 
in two vertical lines using one transformation. 

SOLUTION:  
a. 
Step 1: Draw ABC and line l and line m.  
Step 2: Fold the paper on line l.  Sketch the figure 
A'B'C'. 
Step 3: Fold the paper on line m.  Sketch the figure 
A''B''C''. 

 
  
b. 
Draw another triangle DEF and line n and line p  . 
Reflect twice following the steps in part a.  

 
  
Draw another triangle JKL and line q and line r . 
Reflect twice following the steps in part a.  
  

 
  
c. 

   
  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

ANSWER:  
a. 

 
b. 

 

 

c.  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

30. REASONING Determine a rule to find the final 
image of a point that is translated along 

and then . 

SOLUTION:  

Translating along  and then along   is 

same as translating along . Therefore, 

the translation vector is  

ANSWER:  
 

31. CHALLENGE A line y  = mx + b is translated using

the vector . Write the equation of the translated

line. What is the value of the y-intercept? 

SOLUTION:  

The vector  maps the point (x, y) → (x + a, y  +

b).  
  
Step 1: Identify two points on the line y  = mx + b. 

When x = 0, y  = b. When y  = 0, x = . So two 

points on the line y  = mx + b are (0, b) and ( , 
0).  
  
Step 2: Find the location of these points under the 
vector translation .  

(0, b) → (0 + a, b + b) → (a, 2b) 
  

( , 0) → (  + a, 0 + b) → (  + a, b) 
  
Step 3: Use these points to determine the equation 
of the translated line.  
  

 
  
Since the line is translated with its orientation 
unchanged we would expect the slope of the line to 
remain unchanged. Substituting the point (a, 2b) into
the equation  we will find   , the y -
intercept of the translated line.  

 
  
Note that if we had used the second point on the 
translated line, we would have arrived at the same 
value for the new y -intercept. 

 
  
Substituting the value of the new y -intercept into the
equation, we arrive at the equation for the translated
line.  

 
Combine like terms.  

 

ANSWER:  

y = m(x – a) + 2b; 2b – ma 

32. OPEN-ENDED Draw a figure on the coordinate 
plane so that the figure has the same orientation after
it is reflected in the line y  = 1. Explain what must be 
true in order for this to occur. 

SOLUTION:  
Draw figure ABCD with vertices at  A(–4, 8), B (4, 
8), C (4, 4), and D(–, 4). Draw the line y  = 1. 

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

 
In order for the figures ABCD and A'B'C'D' to be the
same, they must match up when you fold the grid in 
half horizontally at the y = 1 line. 

ANSWER:  

 
Sample answer: in order for the figure to be the 
same, it must match up when you fold it in half 
horizontally at the y  = 1 line. 

33. WRITING IN MATH Compare and contrast 
function notation and vector notation for translations. 

SOLUTION:  
Both vector notation and function notation describe 
the distance a figure is translated in the horizontal 
and vertical directions. Vector notation only 
describes the movement. It does not determine the 
beginning and ending locations. Function notation 
does both. It will give the initial point, the distance of 
the horizontal and vertical translation, and the ending 
point. For example, the translation a units to the right 
and b units up from the point (x, y) would be written 

 in vector notation and (x, y) → (x + a, y  + b) 

in function notation. 

ANSWER:  
Sample answer: Both vector notation and function 
notation describe the distance a figure is translated in
the horizontal and vertical directions. Vector notation 
does not give a rule in terms of initial location, but 
function notation does. For example, the translation a 
units to the right and b units up from the point (x, y) 

would be written  in vector notation and (x, y) 

→ (x + a, y  + b) in function notation. 

34. WRITING IN MATH Recall from Lesson 3-1 that
an invariant point maps onto itself. Can invariant 
points occur with translations? Explain why or why 
not. 

SOLUTION:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

ANSWER:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

35. On a grid triangle PQR has vertices P(2, 1), Q(3, –
1), and R(–1, –2) as shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). Find the coordinates of the vertices of triangle 
P'Q'R'. 
  
P' =  
Q' =  
R' =  
  
b. Which point lies in the interior of triangle P'Q'R'? 
A (0, –1) 
B (2, –4) 
C (–2, –4) 
D (–2, 2) 

SOLUTION:  
PQR has vertices P(2, 1), Q(3, –1), and R(–1, –2) as
shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). So the coordinates of the vertices of triangle 
P'Q'R' can be found by subtracting 2 from each x-
coordinate and adding 3 to each y-coordinate. 
  
P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. To find which point lies in the interior of triangle 
P'Q'R', either plot the image triangle on the 
coordinate plane and check, or notice that all of the 
image triangle is in quadrants I and II, and only 
answer choice D (–2, 2) is in either of those 
quadrants. 
  

ANSWER:  
a. P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. D 

36. Which of the following is the image of the line 
 under the translation (x, y) → (
)?  

A  
B  
C  
D  

SOLUTION:  
The translation of   can be 
thought of graphically, as a translation of the line 

 one unit to the left and one unit up. This 
would result in the translation graph seen below. The 
resulting line would be  . The correct 
choice is C. 

 

ANSWER:  
C 

37. Which of the following vectors will translate a point 
with the coordinates (3, –5) up and to the left on a 
coordinate plane? 
  
A  
B  
C  
D  

SOLUTION:  
The coordinates of the point do not matter, if a 
translation vector is to move a point up and to the 

left, the vector must be of the form , where a is
negative and b is positive. 
  
The correct answer is choice C. 

ANSWER:  
C 

38. Given a triangle with vertices A(–7, –1), B(–2, –3) 
and C(2, 4), which of the following represents the 
coordinates of the vertices of the image after a 
translation of the triangle 5 units right and 3 units up? 
  
A A(–4, 4), B(1, 2) and C(5, 9) 
B A(–2, 2), B(3, 0) and C(7, 7) 
C A(–12, 2), B(–7, 0) and C(–3, 7) 
D A(–2, –4), B(3, –6) and C(7, 1) 

SOLUTION:  
To translate A(–7, –1), B(–2, –3) and C(2, 4) five 
units right and three units up, add 5 to each x-
coordinate and add 3 to each y-coordinate.  
  
A(–7, –1), B(–2, –3), C(2, 4) → A(–7 + 5, –1 + 3), B
(–2 + 5, –3 + 3), C(2 + 5, 4 + 3)  
which is equivalent to  A(–2, 2), B(3, 0), C(7, 7).  

ANSWER:  
B 

39. Which of the following statements is true for both the
translation  and the translation 

?  
A   A point and its image have the same y-
coordinate. 
B   Points on the x-axis are mapped to other points 
on the x-axis. 
C   The translation vector is . 
D    A point in Quadrant I is mapped to another point
in Quadrant I. 

SOLUTION:  
Option A cannot be true, as the 
translation   would translate 
each y-coordinate up 2 units.  
Option B cannot be true, as the translation 

 would translate the point (2,0) 
to (2,2), a point no longer on the x-axis.  
Option C cannot be true, as the translation vertex 
for   would be , not . 
Option D is the correct choice as any point with 
positive x and y  coordinates will remain positive with 
either translation. Therefore they will remain in 
Quadrant I. 

ANSWER:  
D 

40. What is the distance between any point and its image
under the translation ? 
Round to the nearest tenth. 

SOLUTION:  
The distance between any point and its image are the
same, under the same translation. Therefore, choose 
any point, find its image under the 
translation  , and then use 
the Distance Formula to find the distance between 
these two points.  
  
Example: The image of point  would be 

.  

 
      

ANSWER:  
7.2 

41. Under which of the following translations does the 
image of rectangle JKLM not overlap rectangle 
JKLM? 

               
A     
B    
C    
D     
E     

SOLUTION:  
For JKLM to not overlap its image, the translation of 
the x-coordinates would have to be either more than 
3 or less than negative 3, since the length of the 
rectangle is 3 units. The only choice for which this is 
true is D.  

ANSWER:  
D 
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3-2 Translations 



Copy the figure and the given translation 
vector. Then draw the translation of the figure 
along the translation vector. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point B' by marking off this distance along the line 
through vertex B, starting at B and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points C' and D'. 
Then connect vertices B', C', and D' to form the 
translated image. 
  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point W' by marking off this distance along the line 
through vertex W, starting at W and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect vertices W', X ', Y' and Z' to form 
the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

4. trapezoid JKLM with vertices J(2, 4), K(1, 1), L(5, 1)

and M (4, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(2 + 7, 4 + 1), K’(1 + 7, 1 + 1), L’(5 +
7, 1 + 1) and M ’(4 + 7, 4 + 1). 

 

ANSWER:  

 

5.  with vertices D(–8, 8), F(–10, 4), and G(–7, 

6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are D’(–8 + 5, 8 – 2), F’(–10 + 5, 4 – 2), and
G’(–7 + 5, 6 – 2). 

 

ANSWER:  

 

6. parallelogram WXYZ with vertices W(–6, –5), X(–2, –
5), Y(–1, –8), and Z(–5, –8); 

 

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–6 – 1, –5 + 4), X’(–2 – 1, –5 
+ 4), Y’(–1 – 1, –8 + 4), and Z’(–5 – 1, –8 + 4). 
  

   

ANSWER:  

 

7. VIDEO GAMES The object of the video game 
shown is to manipulate the colored tiles left or right 
as they fall from the top of the screen to completely 
fill each row without leaving empty spaces. If the 
starting position of the tile piece at the top of the 
screen is (x, y), use function notation to describe the 
translation that will fill the indicated row. 

 

SOLUTION:  
There is only one block space for the row to be 
complete. For the object to fit in the place, it should 
be moved 3 places right and 5 places down. So, the 

translation vector should be  

Therefore, the translation is  

ANSWER:  
 

TOOLS  Copy the figure and the given 
translation vector. Then draw the translation of 
the figure along the translation vector. 

8.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point J' by marking off this distance along the line 
through vertex J, starting at J and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect vertices J', K',  L', and M' to form
the translated image. 

 

ANSWER:  

 

9.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point A ' by marking off this distance along the line 
through vertex A , starting at A  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points B' and C'. 
Then connect vertices A ', B', and C' to form the 
translated image. 

 

ANSWER:  

 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
  
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point X ' by marking off this distance along the line 
through vertex X , starting at X  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect vertices X ', Y', and Z' to form the 
translated image. 

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point D' by marking off this distance along the line 
through vertex D, starting at D and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect vertices D', F', G' and H' to form 
the translated image. 

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point V' by marking off this distance along the line 
through vertex V, starting at V and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect vertices V', W', X ', Y' and Z' 
to form the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

14.  with vertices A(1, 6), B(3, 2), and C(4, 

7);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are A’(1 + 4, 6 – 1), B’(3 + 4, 2 – 1), and 
C’(4 + 4, 7 – 1). 

 

ANSWER:  

 

15.  with vertices M (4, –5), N(5, –8), and P(8, –
6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are M ’(4 – 2, –5 + 5), N’(5 – 2, –8 + 5), and 
P’(8 – , –6 + 5). 

 

ANSWER:  

 

16. rectangle QRST with vertices Q(–8, 4), R(–8, 2), S(–
3, 2), and T(–3, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
rectangle are Q’(–8 + 2, 4 + 3), R’(–8 + 2, 2 + 3), 
S’(–3 + 2, 2 + 3), and T’(–3 + 2, 4 + 3). 

 

ANSWER:  

 

17. quadrilateral FGHJ with vertices F(–4, –2), G(–1, –
1), H(0, –4), and J(–3, –6);  

SOLUTION:  
The coordinates of the vertices of the translated 
quadrilateral are F’(–4 – 5, –2 – 2), G’(–1 – 5, –1 – 
2), H’(0 – 5, –4 – 2), and J’(–3 – 5, –6 – 2). 

 

ANSWER:  

 

18.  with vertices W(–3, –1), X(1, –1), Y(2, –4), 

and Z(–2, –4);  

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–3 – 3, –1 + 4), X’(1 – 3, –1 + 
4), Y’(2 – 3, –4 + 4), and Z’(–2 – 3, –4 + 4). 

 

ANSWER:  

 

19. trapezoid JKLM with vertices J(–4, –2), K(–1, –2), L

(0, –5), and M (–5, –5);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(–4 + 6, –2 + 5), K’(–1 + 6, –2 + 5), 
L’(0 + 6, –5 + 5), and M ’(–5 + 6, –5 + 5). 

 

ANSWER:  

 

20. PROBLEM SOLVING Brittany’s neighborhood is 
shown on the grid at the right. 

 
a. If she leaves home and travels 4 blocks north and 
3 blocks east, what is her new location? 
b. Use words to describe two possible translations 
that will take Brittany home from school. 

SOLUTION:  
a. Since the north side is marked upwards, travelling 
4 blocks north and 3 blocks east means moving 4 
blocks up and 3 blocks right. The point 4 blocks up 
and 3 blocks right to the home is the library. 
Therefore, her new location will be the library. 
b. The resultant vector must be . Any 
combination of vectors that form this resultant vector
will be satisfactory. 
  
 She can go west 5 blocks and then south 1 block, or 
she can go south 1 block and then west 5 blocks to 
reach the school. 

ANSWER:  
a. Library 
b. Sample answer: She can go west 5 blocks and 
then south 1 block, or she can go south 1 block and 
then west 5 blocks. 

21. FOOTBALL A wide receiver starts from his 15-
yard line on the right hash mark and runs a route that
takes him 12 yards to the left and down field for a 
gain of 17 yards. Write a translation vector to 
describe the receiver’s route. 

 

SOLUTION:  
The receiver starts on the right hash of the 15-yard 
line and moves 12 yards left and then 17 yards down 
field, or upwards as shown in the diagram.  

 
So, a translation vector that represents the receiver's 

route would be    

ANSWER:  
 

22. MULTI-STEP Each type of chess piece has a rule
for how it can be moved. A knight can move two 
squares horizontally and then one square vertically, 
or two squares vertically and one square 
horizontally. The bishop can only move diagonally. 
When a chess piece moves to a space that is 
occupied by an opponent’s piece, it is attacking that
piece. 

                            
a. What is the maximum number of knights that 
could be placed on an 8 by 8 chessboard so that 
none of the pieces can attack each other? What is 
the maximum number of bishops?  
b. Explain your solution process.  

SOLUTION:  
a-b.  I began by analyzing the movements of a single
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. Therefore,  is the 
maximum number of knight on an 8 by 8 
chessboard so that none can attack each other.  
      The bishops can move diagonally in any 
direction. I began by filling the entire first row of the 
chessboard with bishops. I crossed off all of the 
squares that could no longer be occupied by 
another bishop. From the remaining spaces 
available, you can fit the most bishops along the last 
row. Because the first and last square on the row 
can be attacked by a bishop on the opposite side of
the board, there are only 6 spaces available. So, 14
bishops can occupy a chessboard without being 
able to attack one another. 

 

ANSWER:  
a.  32; 14 
b. I began by analyzing the movements of a single 
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. The bishops can move 
diagonally in any direction. I began by filling the 
entire first row of the chessboard with bishops. I 
crossed off all of the squares that could no longer 
be occupied by another bishop. From the remaining
spaces available, you can fit the most bishops along 
the last row. Because the first and last square on the
row can be attacked by a bishop on the opposite 
side of the board, there are only 6 spaces available. 
So, 14 bishops can occupy a chessboard without 
being able to attack one another. 

Write each translation vector that maps the 
blue preimage to the green image. 

23.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue triangle is at (–2, 4). The top vertex of the green
triangle is at (1, –1), Subtract the coordinates. 
  
1 – (–2) = 3 
–1 – 4 = –5 
  
The triangle has been translated 3 units right and 5 

units down. So, the translation vector is  

ANSWER:  
 

24.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue pentagon is at (2, 0). The top vertex of the green
pentagon is at (–4, 4), Subtract the coordinates. 
  
–4 – (2) = –6 
4 – 0 = 4 
  
The pentagon has been translated 6 units left and 4 

units up. So, the translation vector is  

ANSWER:  
 

25. CONCERTS Dexter’s family buys tickets every 
year for a concert. Last year they were in seats C3, 
C4, C5, and C6. This year, they will be in seats D16, 
D17, D18, and D19. Write a translation in words and 
using vector notation that can be used to describe the
change in their seating. 

 

SOLUTION:  
Pick a seat from the new row and compare it to the 
corresponding seat in the previous row. The seat 
D16 is 13 seats right and 1 row back to C3. 
Therefore, the translation vector can be represented 

as  

ANSWER:  
They move to the right 13 seats and back one row; 

 

SENSE-MAKING Graph the translation of each
function along the given vector. Then write the 
equation of the translated image. 

26.   

 

SOLUTION:  

The translation of translates each point of 

 4 units right and 1 unit up. Thus,  the vertex 
of (0, 0) will translate to (4, 1). (1, 1) translates to (5, 
2) and (–1, 1) translates to (3, 2), etc. 
  

 
The equation for the translated function is y  = (x – 4)
2
 + 1. 

ANSWER:  

 
y = (x – 4)

2
 + 1 

27.   

 

SOLUTION:  

The translation of    translates each point of 

 2 units left. Thus,  the intercept of (0, 0) 
will translate to (–2, 0). (1, –1) translates to (–1, –1) 
and (–1, 1) translates to (–3, 1), etc. 
  

 
The equation of the translated function is y  = –(x + 

2)
3. 

ANSWER:  

 
y = –(x + 2)

3 

28. ROLLER COASTERS The length of the roller 
coaster track from the top of a hill to the bottom of 
the hill is 125 feet at a 53° angle with the vertical. If 
the position at the top of the hill is (x, y), use function 
notation to describe the translation to the bottom of 
the hill. Round to the nearest foot. 

SOLUTION:  
We have a triangle as shown. 

 
Use trigonometric ratios to find the vertical and 
horizontal changes of the coordinates of points from 
A to B. 
  

 

  
The vertex B is 75 ft down and 100 ft left to A. 
Therefore, the translation is (x, y) → (x – 75, y  – 
100). 

ANSWER:  
(x, y) → (x + 75, y  – 100) 

29. MULTIPLE REPRESENTATIONS In this 
problem, you will investigate reflections over a pair of
parallel lines. 

 
a. GEOMETRIC On patty paper, draw and 
a pair of vertical lines  l and m. Reflect in line l  by 
folding the patty paper. Then reflect, , in line 

m. Label the final image . 

b. GEOMETRIC Repeat the process in part a for 

reflected in vertical lines n and p  and 

 reflected in vertical lines q and r. 
c. TABULAR Copy and complete the table below. 

 
d. VERBAL Describe the result of two reflections 
in two vertical lines using one transformation. 

SOLUTION:  
a. 
Step 1: Draw ABC and line l and line m.  
Step 2: Fold the paper on line l.  Sketch the figure 
A'B'C'. 
Step 3: Fold the paper on line m.  Sketch the figure 
A''B''C''. 

 
  
b. 
Draw another triangle DEF and line n and line p  . 
Reflect twice following the steps in part a.  

 
  
Draw another triangle JKL and line q and line r . 
Reflect twice following the steps in part a.  
  

 
  
c. 

   
  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

ANSWER:  
a. 

 
b. 

 

 

c.  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

30. REASONING Determine a rule to find the final 
image of a point that is translated along 

and then . 

SOLUTION:  

Translating along  and then along   is 

same as translating along . Therefore, 

the translation vector is  

ANSWER:  
 

31. CHALLENGE A line y  = mx + b is translated using

the vector . Write the equation of the translated

line. What is the value of the y-intercept? 

SOLUTION:  

The vector  maps the point (x, y) → (x + a, y  +

b).  
  
Step 1: Identify two points on the line y  = mx + b. 

When x = 0, y  = b. When y  = 0, x = . So two 

points on the line y  = mx + b are (0, b) and ( , 
0).  
  
Step 2: Find the location of these points under the 
vector translation .  

(0, b) → (0 + a, b + b) → (a, 2b) 
  

( , 0) → (  + a, 0 + b) → (  + a, b) 
  
Step 3: Use these points to determine the equation 
of the translated line.  
  

 
  
Since the line is translated with its orientation 
unchanged we would expect the slope of the line to 
remain unchanged. Substituting the point (a, 2b) into
the equation  we will find   , the y -
intercept of the translated line.  

 
  
Note that if we had used the second point on the 
translated line, we would have arrived at the same 
value for the new y -intercept. 

 
  
Substituting the value of the new y -intercept into the
equation, we arrive at the equation for the translated
line.  

 
Combine like terms.  

 

ANSWER:  

y = m(x – a) + 2b; 2b – ma 

32. OPEN-ENDED Draw a figure on the coordinate 
plane so that the figure has the same orientation after
it is reflected in the line y  = 1. Explain what must be 
true in order for this to occur. 

SOLUTION:  
Draw figure ABCD with vertices at  A(–4, 8), B (4, 
8), C (4, 4), and D(–, 4). Draw the line y  = 1. 

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

 
In order for the figures ABCD and A'B'C'D' to be the
same, they must match up when you fold the grid in 
half horizontally at the y = 1 line. 

ANSWER:  

 
Sample answer: in order for the figure to be the 
same, it must match up when you fold it in half 
horizontally at the y  = 1 line. 

33. WRITING IN MATH Compare and contrast 
function notation and vector notation for translations. 

SOLUTION:  
Both vector notation and function notation describe 
the distance a figure is translated in the horizontal 
and vertical directions. Vector notation only 
describes the movement. It does not determine the 
beginning and ending locations. Function notation 
does both. It will give the initial point, the distance of 
the horizontal and vertical translation, and the ending 
point. For example, the translation a units to the right 
and b units up from the point (x, y) would be written 

 in vector notation and (x, y) → (x + a, y  + b) 

in function notation. 

ANSWER:  
Sample answer: Both vector notation and function 
notation describe the distance a figure is translated in
the horizontal and vertical directions. Vector notation 
does not give a rule in terms of initial location, but 
function notation does. For example, the translation a 
units to the right and b units up from the point (x, y) 

would be written  in vector notation and (x, y) 

→ (x + a, y  + b) in function notation. 

34. WRITING IN MATH Recall from Lesson 3-1 that
an invariant point maps onto itself. Can invariant 
points occur with translations? Explain why or why 
not. 

SOLUTION:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

ANSWER:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

35. On a grid triangle PQR has vertices P(2, 1), Q(3, –
1), and R(–1, –2) as shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). Find the coordinates of the vertices of triangle 
P'Q'R'. 
  
P' =  
Q' =  
R' =  
  
b. Which point lies in the interior of triangle P'Q'R'? 
A (0, –1) 
B (2, –4) 
C (–2, –4) 
D (–2, 2) 

SOLUTION:  
PQR has vertices P(2, 1), Q(3, –1), and R(–1, –2) as
shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). So the coordinates of the vertices of triangle 
P'Q'R' can be found by subtracting 2 from each x-
coordinate and adding 3 to each y-coordinate. 
  
P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. To find which point lies in the interior of triangle 
P'Q'R', either plot the image triangle on the 
coordinate plane and check, or notice that all of the 
image triangle is in quadrants I and II, and only 
answer choice D (–2, 2) is in either of those 
quadrants. 
  

ANSWER:  
a. P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. D 

36. Which of the following is the image of the line 
 under the translation (x, y) → (
)?  

A  
B  
C  
D  

SOLUTION:  
The translation of   can be 
thought of graphically, as a translation of the line 

 one unit to the left and one unit up. This 
would result in the translation graph seen below. The 
resulting line would be  . The correct 
choice is C. 

 

ANSWER:  
C 

37. Which of the following vectors will translate a point 
with the coordinates (3, –5) up and to the left on a 
coordinate plane? 
  
A  
B  
C  
D  

SOLUTION:  
The coordinates of the point do not matter, if a 
translation vector is to move a point up and to the 

left, the vector must be of the form , where a is
negative and b is positive. 
  
The correct answer is choice C. 

ANSWER:  
C 

38. Given a triangle with vertices A(–7, –1), B(–2, –3) 
and C(2, 4), which of the following represents the 
coordinates of the vertices of the image after a 
translation of the triangle 5 units right and 3 units up? 
  
A A(–4, 4), B(1, 2) and C(5, 9) 
B A(–2, 2), B(3, 0) and C(7, 7) 
C A(–12, 2), B(–7, 0) and C(–3, 7) 
D A(–2, –4), B(3, –6) and C(7, 1) 

SOLUTION:  
To translate A(–7, –1), B(–2, –3) and C(2, 4) five 
units right and three units up, add 5 to each x-
coordinate and add 3 to each y-coordinate.  
  
A(–7, –1), B(–2, –3), C(2, 4) → A(–7 + 5, –1 + 3), B
(–2 + 5, –3 + 3), C(2 + 5, 4 + 3)  
which is equivalent to  A(–2, 2), B(3, 0), C(7, 7).  

ANSWER:  
B 

39. Which of the following statements is true for both the
translation  and the translation 

?  
A   A point and its image have the same y-
coordinate. 
B   Points on the x-axis are mapped to other points 
on the x-axis. 
C   The translation vector is . 
D    A point in Quadrant I is mapped to another point
in Quadrant I. 

SOLUTION:  
Option A cannot be true, as the 
translation   would translate 
each y-coordinate up 2 units.  
Option B cannot be true, as the translation 

 would translate the point (2,0) 
to (2,2), a point no longer on the x-axis.  
Option C cannot be true, as the translation vertex 
for   would be , not . 
Option D is the correct choice as any point with 
positive x and y  coordinates will remain positive with 
either translation. Therefore they will remain in 
Quadrant I. 

ANSWER:  
D 

40. What is the distance between any point and its image
under the translation ? 
Round to the nearest tenth. 

SOLUTION:  
The distance between any point and its image are the
same, under the same translation. Therefore, choose 
any point, find its image under the 
translation  , and then use 
the Distance Formula to find the distance between 
these two points.  
  
Example: The image of point  would be 

.  

 
      

ANSWER:  
7.2 

41. Under which of the following translations does the 
image of rectangle JKLM not overlap rectangle 
JKLM? 

               
A     
B    
C    
D     
E     

SOLUTION:  
For JKLM to not overlap its image, the translation of 
the x-coordinates would have to be either more than 
3 or less than negative 3, since the length of the 
rectangle is 3 units. The only choice for which this is 
true is D.  

ANSWER:  
D 

Copy the figure and the given translation 
vector. Then draw the translation of the figure 
along the translation vector. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point B' by marking off this distance along the line 
through vertex B, starting at B and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points C' and D'. 
Then connect vertices B', C', and D' to form the 
translated image. 
  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point W' by marking off this distance along the line 
through vertex W, starting at W and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect vertices W', X ', Y' and Z' to form 
the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

4. trapezoid JKLM with vertices J(2, 4), K(1, 1), L(5, 1)

and M (4, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(2 + 7, 4 + 1), K’(1 + 7, 1 + 1), L’(5 +
7, 1 + 1) and M ’(4 + 7, 4 + 1). 

 

ANSWER:  

 

5.  with vertices D(–8, 8), F(–10, 4), and G(–7, 

6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are D’(–8 + 5, 8 – 2), F’(–10 + 5, 4 – 2), and
G’(–7 + 5, 6 – 2). 

 

ANSWER:  

 

6. parallelogram WXYZ with vertices W(–6, –5), X(–2, –
5), Y(–1, –8), and Z(–5, –8); 

 

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–6 – 1, –5 + 4), X’(–2 – 1, –5 
+ 4), Y’(–1 – 1, –8 + 4), and Z’(–5 – 1, –8 + 4). 
  

   

ANSWER:  

 

7. VIDEO GAMES The object of the video game 
shown is to manipulate the colored tiles left or right 
as they fall from the top of the screen to completely 
fill each row without leaving empty spaces. If the 
starting position of the tile piece at the top of the 
screen is (x, y), use function notation to describe the 
translation that will fill the indicated row. 

 

SOLUTION:  
There is only one block space for the row to be 
complete. For the object to fit in the place, it should 
be moved 3 places right and 5 places down. So, the 

translation vector should be  

Therefore, the translation is  

ANSWER:  
 

TOOLS  Copy the figure and the given 
translation vector. Then draw the translation of 
the figure along the translation vector. 

8.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point J' by marking off this distance along the line 
through vertex J, starting at J and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect vertices J', K',  L', and M' to form
the translated image. 

 

ANSWER:  

 

9.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point A ' by marking off this distance along the line 
through vertex A , starting at A  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points B' and C'. 
Then connect vertices A ', B', and C' to form the 
translated image. 

 

ANSWER:  

 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
  
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point X ' by marking off this distance along the line 
through vertex X , starting at X  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect vertices X ', Y', and Z' to form the 
translated image. 

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point D' by marking off this distance along the line 
through vertex D, starting at D and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect vertices D', F', G' and H' to form 
the translated image. 

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point V' by marking off this distance along the line 
through vertex V, starting at V and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect vertices V', W', X ', Y' and Z' 
to form the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

14.  with vertices A(1, 6), B(3, 2), and C(4, 

7);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are A’(1 + 4, 6 – 1), B’(3 + 4, 2 – 1), and 
C’(4 + 4, 7 – 1). 

 

ANSWER:  

 

15.  with vertices M (4, –5), N(5, –8), and P(8, –
6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are M ’(4 – 2, –5 + 5), N’(5 – 2, –8 + 5), and 
P’(8 – , –6 + 5). 

 

ANSWER:  

 

16. rectangle QRST with vertices Q(–8, 4), R(–8, 2), S(–
3, 2), and T(–3, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
rectangle are Q’(–8 + 2, 4 + 3), R’(–8 + 2, 2 + 3), 
S’(–3 + 2, 2 + 3), and T’(–3 + 2, 4 + 3). 

 

ANSWER:  

 

17. quadrilateral FGHJ with vertices F(–4, –2), G(–1, –
1), H(0, –4), and J(–3, –6);  

SOLUTION:  
The coordinates of the vertices of the translated 
quadrilateral are F’(–4 – 5, –2 – 2), G’(–1 – 5, –1 – 
2), H’(0 – 5, –4 – 2), and J’(–3 – 5, –6 – 2). 

 

ANSWER:  

 

18.  with vertices W(–3, –1), X(1, –1), Y(2, –4), 

and Z(–2, –4);  

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–3 – 3, –1 + 4), X’(1 – 3, –1 + 
4), Y’(2 – 3, –4 + 4), and Z’(–2 – 3, –4 + 4). 

 

ANSWER:  

 

19. trapezoid JKLM with vertices J(–4, –2), K(–1, –2), L

(0, –5), and M (–5, –5);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(–4 + 6, –2 + 5), K’(–1 + 6, –2 + 5), 
L’(0 + 6, –5 + 5), and M ’(–5 + 6, –5 + 5). 

 

ANSWER:  

 

20. PROBLEM SOLVING Brittany’s neighborhood is 
shown on the grid at the right. 

 
a. If she leaves home and travels 4 blocks north and 
3 blocks east, what is her new location? 
b. Use words to describe two possible translations 
that will take Brittany home from school. 

SOLUTION:  
a. Since the north side is marked upwards, travelling 
4 blocks north and 3 blocks east means moving 4 
blocks up and 3 blocks right. The point 4 blocks up 
and 3 blocks right to the home is the library. 
Therefore, her new location will be the library. 
b. The resultant vector must be . Any 
combination of vectors that form this resultant vector
will be satisfactory. 
  
 She can go west 5 blocks and then south 1 block, or 
she can go south 1 block and then west 5 blocks to 
reach the school. 

ANSWER:  
a. Library 
b. Sample answer: She can go west 5 blocks and 
then south 1 block, or she can go south 1 block and 
then west 5 blocks. 

21. FOOTBALL A wide receiver starts from his 15-
yard line on the right hash mark and runs a route that
takes him 12 yards to the left and down field for a 
gain of 17 yards. Write a translation vector to 
describe the receiver’s route. 

 

SOLUTION:  
The receiver starts on the right hash of the 15-yard 
line and moves 12 yards left and then 17 yards down 
field, or upwards as shown in the diagram.  

 
So, a translation vector that represents the receiver's 

route would be    

ANSWER:  
 

22. MULTI-STEP Each type of chess piece has a rule
for how it can be moved. A knight can move two 
squares horizontally and then one square vertically, 
or two squares vertically and one square 
horizontally. The bishop can only move diagonally. 
When a chess piece moves to a space that is 
occupied by an opponent’s piece, it is attacking that
piece. 

                            
a. What is the maximum number of knights that 
could be placed on an 8 by 8 chessboard so that 
none of the pieces can attack each other? What is 
the maximum number of bishops?  
b. Explain your solution process.  

SOLUTION:  
a-b.  I began by analyzing the movements of a single
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. Therefore,  is the 
maximum number of knight on an 8 by 8 
chessboard so that none can attack each other.  
      The bishops can move diagonally in any 
direction. I began by filling the entire first row of the 
chessboard with bishops. I crossed off all of the 
squares that could no longer be occupied by 
another bishop. From the remaining spaces 
available, you can fit the most bishops along the last 
row. Because the first and last square on the row 
can be attacked by a bishop on the opposite side of
the board, there are only 6 spaces available. So, 14
bishops can occupy a chessboard without being 
able to attack one another. 

 

ANSWER:  
a.  32; 14 
b. I began by analyzing the movements of a single 
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. The bishops can move 
diagonally in any direction. I began by filling the 
entire first row of the chessboard with bishops. I 
crossed off all of the squares that could no longer 
be occupied by another bishop. From the remaining
spaces available, you can fit the most bishops along 
the last row. Because the first and last square on the
row can be attacked by a bishop on the opposite 
side of the board, there are only 6 spaces available. 
So, 14 bishops can occupy a chessboard without 
being able to attack one another. 

Write each translation vector that maps the 
blue preimage to the green image. 

23.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue triangle is at (–2, 4). The top vertex of the green
triangle is at (1, –1), Subtract the coordinates. 
  
1 – (–2) = 3 
–1 – 4 = –5 
  
The triangle has been translated 3 units right and 5 

units down. So, the translation vector is  

ANSWER:  
 

24.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue pentagon is at (2, 0). The top vertex of the green
pentagon is at (–4, 4), Subtract the coordinates. 
  
–4 – (2) = –6 
4 – 0 = 4 
  
The pentagon has been translated 6 units left and 4 

units up. So, the translation vector is  

ANSWER:  
 

25. CONCERTS Dexter’s family buys tickets every 
year for a concert. Last year they were in seats C3, 
C4, C5, and C6. This year, they will be in seats D16, 
D17, D18, and D19. Write a translation in words and 
using vector notation that can be used to describe the
change in their seating. 

 

SOLUTION:  
Pick a seat from the new row and compare it to the 
corresponding seat in the previous row. The seat 
D16 is 13 seats right and 1 row back to C3. 
Therefore, the translation vector can be represented 

as  

ANSWER:  
They move to the right 13 seats and back one row; 

 

SENSE-MAKING Graph the translation of each
function along the given vector. Then write the 
equation of the translated image. 

26.   

 

SOLUTION:  

The translation of translates each point of 

 4 units right and 1 unit up. Thus,  the vertex 
of (0, 0) will translate to (4, 1). (1, 1) translates to (5, 
2) and (–1, 1) translates to (3, 2), etc. 
  

 
The equation for the translated function is y  = (x – 4)
2
 + 1. 

ANSWER:  

 
y = (x – 4)

2
 + 1 

27.   

 

SOLUTION:  

The translation of    translates each point of 

 2 units left. Thus,  the intercept of (0, 0) 
will translate to (–2, 0). (1, –1) translates to (–1, –1) 
and (–1, 1) translates to (–3, 1), etc. 
  

 
The equation of the translated function is y  = –(x + 

2)
3. 

ANSWER:  

 
y = –(x + 2)

3 

28. ROLLER COASTERS The length of the roller 
coaster track from the top of a hill to the bottom of 
the hill is 125 feet at a 53° angle with the vertical. If 
the position at the top of the hill is (x, y), use function 
notation to describe the translation to the bottom of 
the hill. Round to the nearest foot. 

SOLUTION:  
We have a triangle as shown. 

 
Use trigonometric ratios to find the vertical and 
horizontal changes of the coordinates of points from 
A to B. 
  

 

  
The vertex B is 75 ft down and 100 ft left to A. 
Therefore, the translation is (x, y) → (x – 75, y  – 
100). 

ANSWER:  
(x, y) → (x + 75, y  – 100) 

29. MULTIPLE REPRESENTATIONS In this 
problem, you will investigate reflections over a pair of
parallel lines. 

 
a. GEOMETRIC On patty paper, draw and 
a pair of vertical lines  l and m. Reflect in line l  by 
folding the patty paper. Then reflect, , in line 

m. Label the final image . 

b. GEOMETRIC Repeat the process in part a for 

reflected in vertical lines n and p  and 

 reflected in vertical lines q and r. 
c. TABULAR Copy and complete the table below. 

 
d. VERBAL Describe the result of two reflections 
in two vertical lines using one transformation. 

SOLUTION:  
a. 
Step 1: Draw ABC and line l and line m.  
Step 2: Fold the paper on line l.  Sketch the figure 
A'B'C'. 
Step 3: Fold the paper on line m.  Sketch the figure 
A''B''C''. 

 
  
b. 
Draw another triangle DEF and line n and line p  . 
Reflect twice following the steps in part a.  

 
  
Draw another triangle JKL and line q and line r . 
Reflect twice following the steps in part a.  
  

 
  
c. 

   
  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

ANSWER:  
a. 

 
b. 

 

 

c.  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

30. REASONING Determine a rule to find the final 
image of a point that is translated along 

and then . 

SOLUTION:  

Translating along  and then along   is 

same as translating along . Therefore, 

the translation vector is  

ANSWER:  
 

31. CHALLENGE A line y  = mx + b is translated using

the vector . Write the equation of the translated

line. What is the value of the y-intercept? 

SOLUTION:  

The vector  maps the point (x, y) → (x + a, y  +

b).  
  
Step 1: Identify two points on the line y  = mx + b. 

When x = 0, y  = b. When y  = 0, x = . So two 

points on the line y  = mx + b are (0, b) and ( , 
0).  
  
Step 2: Find the location of these points under the 
vector translation .  

(0, b) → (0 + a, b + b) → (a, 2b) 
  

( , 0) → (  + a, 0 + b) → (  + a, b) 
  
Step 3: Use these points to determine the equation 
of the translated line.  
  

 
  
Since the line is translated with its orientation 
unchanged we would expect the slope of the line to 
remain unchanged. Substituting the point (a, 2b) into
the equation  we will find   , the y -
intercept of the translated line.  

 
  
Note that if we had used the second point on the 
translated line, we would have arrived at the same 
value for the new y -intercept. 

 
  
Substituting the value of the new y -intercept into the
equation, we arrive at the equation for the translated
line.  

 
Combine like terms.  

 

ANSWER:  

y = m(x – a) + 2b; 2b – ma 

32. OPEN-ENDED Draw a figure on the coordinate 
plane so that the figure has the same orientation after
it is reflected in the line y  = 1. Explain what must be 
true in order for this to occur. 

SOLUTION:  
Draw figure ABCD with vertices at  A(–4, 8), B (4, 
8), C (4, 4), and D(–, 4). Draw the line y  = 1. 

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

 
In order for the figures ABCD and A'B'C'D' to be the
same, they must match up when you fold the grid in 
half horizontally at the y = 1 line. 

ANSWER:  

 
Sample answer: in order for the figure to be the 
same, it must match up when you fold it in half 
horizontally at the y  = 1 line. 

33. WRITING IN MATH Compare and contrast 
function notation and vector notation for translations. 

SOLUTION:  
Both vector notation and function notation describe 
the distance a figure is translated in the horizontal 
and vertical directions. Vector notation only 
describes the movement. It does not determine the 
beginning and ending locations. Function notation 
does both. It will give the initial point, the distance of 
the horizontal and vertical translation, and the ending 
point. For example, the translation a units to the right 
and b units up from the point (x, y) would be written 

 in vector notation and (x, y) → (x + a, y  + b) 

in function notation. 

ANSWER:  
Sample answer: Both vector notation and function 
notation describe the distance a figure is translated in
the horizontal and vertical directions. Vector notation 
does not give a rule in terms of initial location, but 
function notation does. For example, the translation a 
units to the right and b units up from the point (x, y) 

would be written  in vector notation and (x, y) 

→ (x + a, y  + b) in function notation. 

34. WRITING IN MATH Recall from Lesson 3-1 that
an invariant point maps onto itself. Can invariant 
points occur with translations? Explain why or why 
not. 

SOLUTION:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

ANSWER:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

35. On a grid triangle PQR has vertices P(2, 1), Q(3, –
1), and R(–1, –2) as shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). Find the coordinates of the vertices of triangle 
P'Q'R'. 
  
P' =  
Q' =  
R' =  
  
b. Which point lies in the interior of triangle P'Q'R'? 
A (0, –1) 
B (2, –4) 
C (–2, –4) 
D (–2, 2) 

SOLUTION:  
PQR has vertices P(2, 1), Q(3, –1), and R(–1, –2) as
shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). So the coordinates of the vertices of triangle 
P'Q'R' can be found by subtracting 2 from each x-
coordinate and adding 3 to each y-coordinate. 
  
P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. To find which point lies in the interior of triangle 
P'Q'R', either plot the image triangle on the 
coordinate plane and check, or notice that all of the 
image triangle is in quadrants I and II, and only 
answer choice D (–2, 2) is in either of those 
quadrants. 
  

ANSWER:  
a. P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. D 

36. Which of the following is the image of the line 
 under the translation (x, y) → (
)?  

A  
B  
C  
D  

SOLUTION:  
The translation of   can be 
thought of graphically, as a translation of the line 

 one unit to the left and one unit up. This 
would result in the translation graph seen below. The 
resulting line would be  . The correct 
choice is C. 

 

ANSWER:  
C 

37. Which of the following vectors will translate a point 
with the coordinates (3, –5) up and to the left on a 
coordinate plane? 
  
A  
B  
C  
D  

SOLUTION:  
The coordinates of the point do not matter, if a 
translation vector is to move a point up and to the 

left, the vector must be of the form , where a is
negative and b is positive. 
  
The correct answer is choice C. 

ANSWER:  
C 

38. Given a triangle with vertices A(–7, –1), B(–2, –3) 
and C(2, 4), which of the following represents the 
coordinates of the vertices of the image after a 
translation of the triangle 5 units right and 3 units up? 
  
A A(–4, 4), B(1, 2) and C(5, 9) 
B A(–2, 2), B(3, 0) and C(7, 7) 
C A(–12, 2), B(–7, 0) and C(–3, 7) 
D A(–2, –4), B(3, –6) and C(7, 1) 

SOLUTION:  
To translate A(–7, –1), B(–2, –3) and C(2, 4) five 
units right and three units up, add 5 to each x-
coordinate and add 3 to each y-coordinate.  
  
A(–7, –1), B(–2, –3), C(2, 4) → A(–7 + 5, –1 + 3), B
(–2 + 5, –3 + 3), C(2 + 5, 4 + 3)  
which is equivalent to  A(–2, 2), B(3, 0), C(7, 7).  

ANSWER:  
B 

39. Which of the following statements is true for both the
translation  and the translation 

?  
A   A point and its image have the same y-
coordinate. 
B   Points on the x-axis are mapped to other points 
on the x-axis. 
C   The translation vector is . 
D    A point in Quadrant I is mapped to another point
in Quadrant I. 

SOLUTION:  
Option A cannot be true, as the 
translation   would translate 
each y-coordinate up 2 units.  
Option B cannot be true, as the translation 

 would translate the point (2,0) 
to (2,2), a point no longer on the x-axis.  
Option C cannot be true, as the translation vertex 
for   would be , not . 
Option D is the correct choice as any point with 
positive x and y  coordinates will remain positive with 
either translation. Therefore they will remain in 
Quadrant I. 

ANSWER:  
D 

40. What is the distance between any point and its image
under the translation ? 
Round to the nearest tenth. 

SOLUTION:  
The distance between any point and its image are the
same, under the same translation. Therefore, choose 
any point, find its image under the 
translation  , and then use 
the Distance Formula to find the distance between 
these two points.  
  
Example: The image of point  would be 

.  

 
      

ANSWER:  
7.2 

41. Under which of the following translations does the 
image of rectangle JKLM not overlap rectangle 
JKLM? 

               
A     
B    
C    
D     
E     

SOLUTION:  
For JKLM to not overlap its image, the translation of 
the x-coordinates would have to be either more than 
3 or less than negative 3, since the length of the 
rectangle is 3 units. The only choice for which this is 
true is D.  

ANSWER:  
D 
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3-2 Translations 



Copy the figure and the given translation 
vector. Then draw the translation of the figure 
along the translation vector. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point B' by marking off this distance along the line 
through vertex B, starting at B and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points C' and D'. 
Then connect vertices B', C', and D' to form the 
translated image. 
  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point W' by marking off this distance along the line 
through vertex W, starting at W and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect vertices W', X ', Y' and Z' to form 
the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

4. trapezoid JKLM with vertices J(2, 4), K(1, 1), L(5, 1)

and M (4, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(2 + 7, 4 + 1), K’(1 + 7, 1 + 1), L’(5 +
7, 1 + 1) and M ’(4 + 7, 4 + 1). 

 

ANSWER:  

 

5.  with vertices D(–8, 8), F(–10, 4), and G(–7, 

6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are D’(–8 + 5, 8 – 2), F’(–10 + 5, 4 – 2), and
G’(–7 + 5, 6 – 2). 

 

ANSWER:  

 

6. parallelogram WXYZ with vertices W(–6, –5), X(–2, –
5), Y(–1, –8), and Z(–5, –8); 

 

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–6 – 1, –5 + 4), X’(–2 – 1, –5 
+ 4), Y’(–1 – 1, –8 + 4), and Z’(–5 – 1, –8 + 4). 
  

   

ANSWER:  

 

7. VIDEO GAMES The object of the video game 
shown is to manipulate the colored tiles left or right 
as they fall from the top of the screen to completely 
fill each row without leaving empty spaces. If the 
starting position of the tile piece at the top of the 
screen is (x, y), use function notation to describe the 
translation that will fill the indicated row. 

 

SOLUTION:  
There is only one block space for the row to be 
complete. For the object to fit in the place, it should 
be moved 3 places right and 5 places down. So, the 

translation vector should be  

Therefore, the translation is  

ANSWER:  
 

TOOLS  Copy the figure and the given 
translation vector. Then draw the translation of 
the figure along the translation vector. 

8.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point J' by marking off this distance along the line 
through vertex J, starting at J and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect vertices J', K',  L', and M' to form
the translated image. 

 

ANSWER:  

 

9.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point A ' by marking off this distance along the line 
through vertex A , starting at A  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points B' and C'. 
Then connect vertices A ', B', and C' to form the 
translated image. 

 

ANSWER:  

 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
  
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point X ' by marking off this distance along the line 
through vertex X , starting at X  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect vertices X ', Y', and Z' to form the 
translated image. 

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point D' by marking off this distance along the line 
through vertex D, starting at D and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect vertices D', F', G' and H' to form 
the translated image. 

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point V' by marking off this distance along the line 
through vertex V, starting at V and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect vertices V', W', X ', Y' and Z' 
to form the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

14.  with vertices A(1, 6), B(3, 2), and C(4, 

7);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are A’(1 + 4, 6 – 1), B’(3 + 4, 2 – 1), and 
C’(4 + 4, 7 – 1). 

 

ANSWER:  

 

15.  with vertices M (4, –5), N(5, –8), and P(8, –
6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are M ’(4 – 2, –5 + 5), N’(5 – 2, –8 + 5), and 
P’(8 – , –6 + 5). 

 

ANSWER:  

 

16. rectangle QRST with vertices Q(–8, 4), R(–8, 2), S(–
3, 2), and T(–3, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
rectangle are Q’(–8 + 2, 4 + 3), R’(–8 + 2, 2 + 3), 
S’(–3 + 2, 2 + 3), and T’(–3 + 2, 4 + 3). 

 

ANSWER:  

 

17. quadrilateral FGHJ with vertices F(–4, –2), G(–1, –
1), H(0, –4), and J(–3, –6);  

SOLUTION:  
The coordinates of the vertices of the translated 
quadrilateral are F’(–4 – 5, –2 – 2), G’(–1 – 5, –1 – 
2), H’(0 – 5, –4 – 2), and J’(–3 – 5, –6 – 2). 

 

ANSWER:  

 

18.  with vertices W(–3, –1), X(1, –1), Y(2, –4), 

and Z(–2, –4);  

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–3 – 3, –1 + 4), X’(1 – 3, –1 + 
4), Y’(2 – 3, –4 + 4), and Z’(–2 – 3, –4 + 4). 

 

ANSWER:  

 

19. trapezoid JKLM with vertices J(–4, –2), K(–1, –2), L

(0, –5), and M (–5, –5);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(–4 + 6, –2 + 5), K’(–1 + 6, –2 + 5), 
L’(0 + 6, –5 + 5), and M ’(–5 + 6, –5 + 5). 

 

ANSWER:  

 

20. PROBLEM SOLVING Brittany’s neighborhood is 
shown on the grid at the right. 

 
a. If she leaves home and travels 4 blocks north and 
3 blocks east, what is her new location? 
b. Use words to describe two possible translations 
that will take Brittany home from school. 

SOLUTION:  
a. Since the north side is marked upwards, travelling 
4 blocks north and 3 blocks east means moving 4 
blocks up and 3 blocks right. The point 4 blocks up 
and 3 blocks right to the home is the library. 
Therefore, her new location will be the library. 
b. The resultant vector must be . Any 
combination of vectors that form this resultant vector
will be satisfactory. 
  
 She can go west 5 blocks and then south 1 block, or 
she can go south 1 block and then west 5 blocks to 
reach the school. 

ANSWER:  
a. Library 
b. Sample answer: She can go west 5 blocks and 
then south 1 block, or she can go south 1 block and 
then west 5 blocks. 

21. FOOTBALL A wide receiver starts from his 15-
yard line on the right hash mark and runs a route that
takes him 12 yards to the left and down field for a 
gain of 17 yards. Write a translation vector to 
describe the receiver’s route. 

 

SOLUTION:  
The receiver starts on the right hash of the 15-yard 
line and moves 12 yards left and then 17 yards down 
field, or upwards as shown in the diagram.  

 
So, a translation vector that represents the receiver's 

route would be    

ANSWER:  
 

22. MULTI-STEP Each type of chess piece has a rule
for how it can be moved. A knight can move two 
squares horizontally and then one square vertically, 
or two squares vertically and one square 
horizontally. The bishop can only move diagonally. 
When a chess piece moves to a space that is 
occupied by an opponent’s piece, it is attacking that
piece. 

                            
a. What is the maximum number of knights that 
could be placed on an 8 by 8 chessboard so that 
none of the pieces can attack each other? What is 
the maximum number of bishops?  
b. Explain your solution process.  

SOLUTION:  
a-b.  I began by analyzing the movements of a single
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. Therefore,  is the 
maximum number of knight on an 8 by 8 
chessboard so that none can attack each other.  
      The bishops can move diagonally in any 
direction. I began by filling the entire first row of the 
chessboard with bishops. I crossed off all of the 
squares that could no longer be occupied by 
another bishop. From the remaining spaces 
available, you can fit the most bishops along the last 
row. Because the first and last square on the row 
can be attacked by a bishop on the opposite side of
the board, there are only 6 spaces available. So, 14
bishops can occupy a chessboard without being 
able to attack one another. 

 

ANSWER:  
a.  32; 14 
b. I began by analyzing the movements of a single 
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. The bishops can move 
diagonally in any direction. I began by filling the 
entire first row of the chessboard with bishops. I 
crossed off all of the squares that could no longer 
be occupied by another bishop. From the remaining
spaces available, you can fit the most bishops along 
the last row. Because the first and last square on the
row can be attacked by a bishop on the opposite 
side of the board, there are only 6 spaces available. 
So, 14 bishops can occupy a chessboard without 
being able to attack one another. 

Write each translation vector that maps the 
blue preimage to the green image. 

23.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue triangle is at (–2, 4). The top vertex of the green
triangle is at (1, –1), Subtract the coordinates. 
  
1 – (–2) = 3 
–1 – 4 = –5 
  
The triangle has been translated 3 units right and 5 

units down. So, the translation vector is  

ANSWER:  
 

24.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue pentagon is at (2, 0). The top vertex of the green
pentagon is at (–4, 4), Subtract the coordinates. 
  
–4 – (2) = –6 
4 – 0 = 4 
  
The pentagon has been translated 6 units left and 4 

units up. So, the translation vector is  

ANSWER:  
 

25. CONCERTS Dexter’s family buys tickets every 
year for a concert. Last year they were in seats C3, 
C4, C5, and C6. This year, they will be in seats D16, 
D17, D18, and D19. Write a translation in words and 
using vector notation that can be used to describe the
change in their seating. 

 

SOLUTION:  
Pick a seat from the new row and compare it to the 
corresponding seat in the previous row. The seat 
D16 is 13 seats right and 1 row back to C3. 
Therefore, the translation vector can be represented 

as  

ANSWER:  
They move to the right 13 seats and back one row; 

 

SENSE-MAKING Graph the translation of each
function along the given vector. Then write the 
equation of the translated image. 

26.   

 

SOLUTION:  

The translation of translates each point of 

 4 units right and 1 unit up. Thus,  the vertex 
of (0, 0) will translate to (4, 1). (1, 1) translates to (5, 
2) and (–1, 1) translates to (3, 2), etc. 
  

 
The equation for the translated function is y  = (x – 4)
2
 + 1. 

ANSWER:  

 
y = (x – 4)

2
 + 1 

27.   

 

SOLUTION:  

The translation of    translates each point of 

 2 units left. Thus,  the intercept of (0, 0) 
will translate to (–2, 0). (1, –1) translates to (–1, –1) 
and (–1, 1) translates to (–3, 1), etc. 
  

 
The equation of the translated function is y  = –(x + 

2)
3. 

ANSWER:  

 
y = –(x + 2)

3 

28. ROLLER COASTERS The length of the roller 
coaster track from the top of a hill to the bottom of 
the hill is 125 feet at a 53° angle with the vertical. If 
the position at the top of the hill is (x, y), use function 
notation to describe the translation to the bottom of 
the hill. Round to the nearest foot. 

SOLUTION:  
We have a triangle as shown. 

 
Use trigonometric ratios to find the vertical and 
horizontal changes of the coordinates of points from 
A to B. 
  

 

  
The vertex B is 75 ft down and 100 ft left to A. 
Therefore, the translation is (x, y) → (x – 75, y  – 
100). 

ANSWER:  
(x, y) → (x + 75, y  – 100) 

29. MULTIPLE REPRESENTATIONS In this 
problem, you will investigate reflections over a pair of
parallel lines. 

 
a. GEOMETRIC On patty paper, draw and 
a pair of vertical lines  l and m. Reflect in line l  by 
folding the patty paper. Then reflect, , in line 

m. Label the final image . 

b. GEOMETRIC Repeat the process in part a for 

reflected in vertical lines n and p  and 

 reflected in vertical lines q and r. 
c. TABULAR Copy and complete the table below. 

 
d. VERBAL Describe the result of two reflections 
in two vertical lines using one transformation. 

SOLUTION:  
a. 
Step 1: Draw ABC and line l and line m.  
Step 2: Fold the paper on line l.  Sketch the figure 
A'B'C'. 
Step 3: Fold the paper on line m.  Sketch the figure 
A''B''C''. 

 
  
b. 
Draw another triangle DEF and line n and line p  . 
Reflect twice following the steps in part a.  

 
  
Draw another triangle JKL and line q and line r . 
Reflect twice following the steps in part a.  
  

 
  
c. 

   
  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

ANSWER:  
a. 

 
b. 

 

 

c.  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

30. REASONING Determine a rule to find the final 
image of a point that is translated along 

and then . 

SOLUTION:  

Translating along  and then along   is 

same as translating along . Therefore, 

the translation vector is  

ANSWER:  
 

31. CHALLENGE A line y  = mx + b is translated using

the vector . Write the equation of the translated

line. What is the value of the y-intercept? 

SOLUTION:  

The vector  maps the point (x, y) → (x + a, y  +

b).  
  
Step 1: Identify two points on the line y  = mx + b. 

When x = 0, y  = b. When y  = 0, x = . So two 

points on the line y  = mx + b are (0, b) and ( , 
0).  
  
Step 2: Find the location of these points under the 
vector translation .  

(0, b) → (0 + a, b + b) → (a, 2b) 
  

( , 0) → (  + a, 0 + b) → (  + a, b) 
  
Step 3: Use these points to determine the equation 
of the translated line.  
  

 
  
Since the line is translated with its orientation 
unchanged we would expect the slope of the line to 
remain unchanged. Substituting the point (a, 2b) into
the equation  we will find   , the y -
intercept of the translated line.  

 
  
Note that if we had used the second point on the 
translated line, we would have arrived at the same 
value for the new y -intercept. 

 
  
Substituting the value of the new y -intercept into the
equation, we arrive at the equation for the translated
line.  

 
Combine like terms.  

 

ANSWER:  

y = m(x – a) + 2b; 2b – ma 

32. OPEN-ENDED Draw a figure on the coordinate 
plane so that the figure has the same orientation after
it is reflected in the line y  = 1. Explain what must be 
true in order for this to occur. 

SOLUTION:  
Draw figure ABCD with vertices at  A(–4, 8), B (4, 
8), C (4, 4), and D(–, 4). Draw the line y  = 1. 

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

 
In order for the figures ABCD and A'B'C'D' to be the
same, they must match up when you fold the grid in 
half horizontally at the y = 1 line. 

ANSWER:  

 
Sample answer: in order for the figure to be the 
same, it must match up when you fold it in half 
horizontally at the y  = 1 line. 

33. WRITING IN MATH Compare and contrast 
function notation and vector notation for translations. 

SOLUTION:  
Both vector notation and function notation describe 
the distance a figure is translated in the horizontal 
and vertical directions. Vector notation only 
describes the movement. It does not determine the 
beginning and ending locations. Function notation 
does both. It will give the initial point, the distance of 
the horizontal and vertical translation, and the ending 
point. For example, the translation a units to the right 
and b units up from the point (x, y) would be written 

 in vector notation and (x, y) → (x + a, y  + b) 

in function notation. 

ANSWER:  
Sample answer: Both vector notation and function 
notation describe the distance a figure is translated in
the horizontal and vertical directions. Vector notation 
does not give a rule in terms of initial location, but 
function notation does. For example, the translation a 
units to the right and b units up from the point (x, y) 

would be written  in vector notation and (x, y) 

→ (x + a, y  + b) in function notation. 

34. WRITING IN MATH Recall from Lesson 3-1 that
an invariant point maps onto itself. Can invariant 
points occur with translations? Explain why or why 
not. 

SOLUTION:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

ANSWER:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

35. On a grid triangle PQR has vertices P(2, 1), Q(3, –
1), and R(–1, –2) as shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). Find the coordinates of the vertices of triangle 
P'Q'R'. 
  
P' =  
Q' =  
R' =  
  
b. Which point lies in the interior of triangle P'Q'R'? 
A (0, –1) 
B (2, –4) 
C (–2, –4) 
D (–2, 2) 

SOLUTION:  
PQR has vertices P(2, 1), Q(3, –1), and R(–1, –2) as
shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). So the coordinates of the vertices of triangle 
P'Q'R' can be found by subtracting 2 from each x-
coordinate and adding 3 to each y-coordinate. 
  
P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. To find which point lies in the interior of triangle 
P'Q'R', either plot the image triangle on the 
coordinate plane and check, or notice that all of the 
image triangle is in quadrants I and II, and only 
answer choice D (–2, 2) is in either of those 
quadrants. 
  

ANSWER:  
a. P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. D 

36. Which of the following is the image of the line 
 under the translation (x, y) → (
)?  

A  
B  
C  
D  

SOLUTION:  
The translation of   can be 
thought of graphically, as a translation of the line 

 one unit to the left and one unit up. This 
would result in the translation graph seen below. The 
resulting line would be  . The correct 
choice is C. 

 

ANSWER:  
C 

37. Which of the following vectors will translate a point 
with the coordinates (3, –5) up and to the left on a 
coordinate plane? 
  
A  
B  
C  
D  

SOLUTION:  
The coordinates of the point do not matter, if a 
translation vector is to move a point up and to the 

left, the vector must be of the form , where a is
negative and b is positive. 
  
The correct answer is choice C. 

ANSWER:  
C 

38. Given a triangle with vertices A(–7, –1), B(–2, –3) 
and C(2, 4), which of the following represents the 
coordinates of the vertices of the image after a 
translation of the triangle 5 units right and 3 units up? 
  
A A(–4, 4), B(1, 2) and C(5, 9) 
B A(–2, 2), B(3, 0) and C(7, 7) 
C A(–12, 2), B(–7, 0) and C(–3, 7) 
D A(–2, –4), B(3, –6) and C(7, 1) 

SOLUTION:  
To translate A(–7, –1), B(–2, –3) and C(2, 4) five 
units right and three units up, add 5 to each x-
coordinate and add 3 to each y-coordinate.  
  
A(–7, –1), B(–2, –3), C(2, 4) → A(–7 + 5, –1 + 3), B
(–2 + 5, –3 + 3), C(2 + 5, 4 + 3)  
which is equivalent to  A(–2, 2), B(3, 0), C(7, 7).  

ANSWER:  
B 

39. Which of the following statements is true for both the
translation  and the translation 

?  
A   A point and its image have the same y-
coordinate. 
B   Points on the x-axis are mapped to other points 
on the x-axis. 
C   The translation vector is . 
D    A point in Quadrant I is mapped to another point
in Quadrant I. 

SOLUTION:  
Option A cannot be true, as the 
translation   would translate 
each y-coordinate up 2 units.  
Option B cannot be true, as the translation 

 would translate the point (2,0) 
to (2,2), a point no longer on the x-axis.  
Option C cannot be true, as the translation vertex 
for   would be , not . 
Option D is the correct choice as any point with 
positive x and y  coordinates will remain positive with 
either translation. Therefore they will remain in 
Quadrant I. 

ANSWER:  
D 

40. What is the distance between any point and its image
under the translation ? 
Round to the nearest tenth. 

SOLUTION:  
The distance between any point and its image are the
same, under the same translation. Therefore, choose 
any point, find its image under the 
translation  , and then use 
the Distance Formula to find the distance between 
these two points.  
  
Example: The image of point  would be 

.  

 
      

ANSWER:  
7.2 

41. Under which of the following translations does the 
image of rectangle JKLM not overlap rectangle 
JKLM? 

               
A     
B    
C    
D     
E     

SOLUTION:  
For JKLM to not overlap its image, the translation of 
the x-coordinates would have to be either more than 
3 or less than negative 3, since the length of the 
rectangle is 3 units. The only choice for which this is 
true is D.  

ANSWER:  
D 

Copy the figure and the given translation 
vector. Then draw the translation of the figure 
along the translation vector. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point B' by marking off this distance along the line 
through vertex B, starting at B and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points C' and D'. 
Then connect vertices B', C', and D' to form the 
translated image. 
  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point W' by marking off this distance along the line 
through vertex W, starting at W and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect vertices W', X ', Y' and Z' to form 
the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

4. trapezoid JKLM with vertices J(2, 4), K(1, 1), L(5, 1)

and M (4, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(2 + 7, 4 + 1), K’(1 + 7, 1 + 1), L’(5 +
7, 1 + 1) and M ’(4 + 7, 4 + 1). 

 

ANSWER:  

 

5.  with vertices D(–8, 8), F(–10, 4), and G(–7, 

6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are D’(–8 + 5, 8 – 2), F’(–10 + 5, 4 – 2), and
G’(–7 + 5, 6 – 2). 

 

ANSWER:  

 

6. parallelogram WXYZ with vertices W(–6, –5), X(–2, –
5), Y(–1, –8), and Z(–5, –8); 

 

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–6 – 1, –5 + 4), X’(–2 – 1, –5 
+ 4), Y’(–1 – 1, –8 + 4), and Z’(–5 – 1, –8 + 4). 
  

   

ANSWER:  

 

7. VIDEO GAMES The object of the video game 
shown is to manipulate the colored tiles left or right 
as they fall from the top of the screen to completely 
fill each row without leaving empty spaces. If the 
starting position of the tile piece at the top of the 
screen is (x, y), use function notation to describe the 
translation that will fill the indicated row. 

 

SOLUTION:  
There is only one block space for the row to be 
complete. For the object to fit in the place, it should 
be moved 3 places right and 5 places down. So, the 

translation vector should be  

Therefore, the translation is  

ANSWER:  
 

TOOLS  Copy the figure and the given 
translation vector. Then draw the translation of 
the figure along the translation vector. 

8.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point J' by marking off this distance along the line 
through vertex J, starting at J and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect vertices J', K',  L', and M' to form
the translated image. 

 

ANSWER:  

 

9.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point A ' by marking off this distance along the line 
through vertex A , starting at A  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points B' and C'. 
Then connect vertices A ', B', and C' to form the 
translated image. 

 

ANSWER:  

 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
  
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point X ' by marking off this distance along the line 
through vertex X , starting at X  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect vertices X ', Y', and Z' to form the 
translated image. 

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point D' by marking off this distance along the line 
through vertex D, starting at D and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect vertices D', F', G' and H' to form 
the translated image. 

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point V' by marking off this distance along the line 
through vertex V, starting at V and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect vertices V', W', X ', Y' and Z' 
to form the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

14.  with vertices A(1, 6), B(3, 2), and C(4, 

7);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are A’(1 + 4, 6 – 1), B’(3 + 4, 2 – 1), and 
C’(4 + 4, 7 – 1). 

 

ANSWER:  

 

15.  with vertices M (4, –5), N(5, –8), and P(8, –
6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are M ’(4 – 2, –5 + 5), N’(5 – 2, –8 + 5), and 
P’(8 – , –6 + 5). 

 

ANSWER:  

 

16. rectangle QRST with vertices Q(–8, 4), R(–8, 2), S(–
3, 2), and T(–3, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
rectangle are Q’(–8 + 2, 4 + 3), R’(–8 + 2, 2 + 3), 
S’(–3 + 2, 2 + 3), and T’(–3 + 2, 4 + 3). 

 

ANSWER:  

 

17. quadrilateral FGHJ with vertices F(–4, –2), G(–1, –
1), H(0, –4), and J(–3, –6);  

SOLUTION:  
The coordinates of the vertices of the translated 
quadrilateral are F’(–4 – 5, –2 – 2), G’(–1 – 5, –1 – 
2), H’(0 – 5, –4 – 2), and J’(–3 – 5, –6 – 2). 

 

ANSWER:  

 

18.  with vertices W(–3, –1), X(1, –1), Y(2, –4), 

and Z(–2, –4);  

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–3 – 3, –1 + 4), X’(1 – 3, –1 + 
4), Y’(2 – 3, –4 + 4), and Z’(–2 – 3, –4 + 4). 

 

ANSWER:  

 

19. trapezoid JKLM with vertices J(–4, –2), K(–1, –2), L

(0, –5), and M (–5, –5);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(–4 + 6, –2 + 5), K’(–1 + 6, –2 + 5), 
L’(0 + 6, –5 + 5), and M ’(–5 + 6, –5 + 5). 

 

ANSWER:  

 

20. PROBLEM SOLVING Brittany’s neighborhood is 
shown on the grid at the right. 

 
a. If she leaves home and travels 4 blocks north and 
3 blocks east, what is her new location? 
b. Use words to describe two possible translations 
that will take Brittany home from school. 

SOLUTION:  
a. Since the north side is marked upwards, travelling 
4 blocks north and 3 blocks east means moving 4 
blocks up and 3 blocks right. The point 4 blocks up 
and 3 blocks right to the home is the library. 
Therefore, her new location will be the library. 
b. The resultant vector must be . Any 
combination of vectors that form this resultant vector
will be satisfactory. 
  
 She can go west 5 blocks and then south 1 block, or 
she can go south 1 block and then west 5 blocks to 
reach the school. 

ANSWER:  
a. Library 
b. Sample answer: She can go west 5 blocks and 
then south 1 block, or she can go south 1 block and 
then west 5 blocks. 

21. FOOTBALL A wide receiver starts from his 15-
yard line on the right hash mark and runs a route that
takes him 12 yards to the left and down field for a 
gain of 17 yards. Write a translation vector to 
describe the receiver’s route. 

 

SOLUTION:  
The receiver starts on the right hash of the 15-yard 
line and moves 12 yards left and then 17 yards down 
field, or upwards as shown in the diagram.  

 
So, a translation vector that represents the receiver's 

route would be    

ANSWER:  
 

22. MULTI-STEP Each type of chess piece has a rule
for how it can be moved. A knight can move two 
squares horizontally and then one square vertically, 
or two squares vertically and one square 
horizontally. The bishop can only move diagonally. 
When a chess piece moves to a space that is 
occupied by an opponent’s piece, it is attacking that
piece. 

                            
a. What is the maximum number of knights that 
could be placed on an 8 by 8 chessboard so that 
none of the pieces can attack each other? What is 
the maximum number of bishops?  
b. Explain your solution process.  

SOLUTION:  
a-b.  I began by analyzing the movements of a single
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. Therefore,  is the 
maximum number of knight on an 8 by 8 
chessboard so that none can attack each other.  
      The bishops can move diagonally in any 
direction. I began by filling the entire first row of the 
chessboard with bishops. I crossed off all of the 
squares that could no longer be occupied by 
another bishop. From the remaining spaces 
available, you can fit the most bishops along the last 
row. Because the first and last square on the row 
can be attacked by a bishop on the opposite side of
the board, there are only 6 spaces available. So, 14
bishops can occupy a chessboard without being 
able to attack one another. 

 

ANSWER:  
a.  32; 14 
b. I began by analyzing the movements of a single 
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. The bishops can move 
diagonally in any direction. I began by filling the 
entire first row of the chessboard with bishops. I 
crossed off all of the squares that could no longer 
be occupied by another bishop. From the remaining
spaces available, you can fit the most bishops along 
the last row. Because the first and last square on the
row can be attacked by a bishop on the opposite 
side of the board, there are only 6 spaces available. 
So, 14 bishops can occupy a chessboard without 
being able to attack one another. 

Write each translation vector that maps the 
blue preimage to the green image. 

23.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue triangle is at (–2, 4). The top vertex of the green
triangle is at (1, –1), Subtract the coordinates. 
  
1 – (–2) = 3 
–1 – 4 = –5 
  
The triangle has been translated 3 units right and 5 

units down. So, the translation vector is  

ANSWER:  
 

24.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue pentagon is at (2, 0). The top vertex of the green
pentagon is at (–4, 4), Subtract the coordinates. 
  
–4 – (2) = –6 
4 – 0 = 4 
  
The pentagon has been translated 6 units left and 4 

units up. So, the translation vector is  

ANSWER:  
 

25. CONCERTS Dexter’s family buys tickets every 
year for a concert. Last year they were in seats C3, 
C4, C5, and C6. This year, they will be in seats D16, 
D17, D18, and D19. Write a translation in words and 
using vector notation that can be used to describe the
change in their seating. 

 

SOLUTION:  
Pick a seat from the new row and compare it to the 
corresponding seat in the previous row. The seat 
D16 is 13 seats right and 1 row back to C3. 
Therefore, the translation vector can be represented 

as  

ANSWER:  
They move to the right 13 seats and back one row; 

 

SENSE-MAKING Graph the translation of each
function along the given vector. Then write the 
equation of the translated image. 

26.   

 

SOLUTION:  

The translation of translates each point of 

 4 units right and 1 unit up. Thus,  the vertex 
of (0, 0) will translate to (4, 1). (1, 1) translates to (5, 
2) and (–1, 1) translates to (3, 2), etc. 
  

 
The equation for the translated function is y  = (x – 4)
2
 + 1. 

ANSWER:  

 
y = (x – 4)

2
 + 1 

27.   

 

SOLUTION:  

The translation of    translates each point of 

 2 units left. Thus,  the intercept of (0, 0) 
will translate to (–2, 0). (1, –1) translates to (–1, –1) 
and (–1, 1) translates to (–3, 1), etc. 
  

 
The equation of the translated function is y  = –(x + 

2)
3. 

ANSWER:  

 
y = –(x + 2)

3 

28. ROLLER COASTERS The length of the roller 
coaster track from the top of a hill to the bottom of 
the hill is 125 feet at a 53° angle with the vertical. If 
the position at the top of the hill is (x, y), use function 
notation to describe the translation to the bottom of 
the hill. Round to the nearest foot. 

SOLUTION:  
We have a triangle as shown. 

 
Use trigonometric ratios to find the vertical and 
horizontal changes of the coordinates of points from 
A to B. 
  

 

  
The vertex B is 75 ft down and 100 ft left to A. 
Therefore, the translation is (x, y) → (x – 75, y  – 
100). 

ANSWER:  
(x, y) → (x + 75, y  – 100) 

29. MULTIPLE REPRESENTATIONS In this 
problem, you will investigate reflections over a pair of
parallel lines. 

 
a. GEOMETRIC On patty paper, draw and 
a pair of vertical lines  l and m. Reflect in line l  by 
folding the patty paper. Then reflect, , in line 

m. Label the final image . 

b. GEOMETRIC Repeat the process in part a for 

reflected in vertical lines n and p  and 

 reflected in vertical lines q and r. 
c. TABULAR Copy and complete the table below. 

 
d. VERBAL Describe the result of two reflections 
in two vertical lines using one transformation. 

SOLUTION:  
a. 
Step 1: Draw ABC and line l and line m.  
Step 2: Fold the paper on line l.  Sketch the figure 
A'B'C'. 
Step 3: Fold the paper on line m.  Sketch the figure 
A''B''C''. 

 
  
b. 
Draw another triangle DEF and line n and line p  . 
Reflect twice following the steps in part a.  

 
  
Draw another triangle JKL and line q and line r . 
Reflect twice following the steps in part a.  
  

 
  
c. 

   
  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

ANSWER:  
a. 

 
b. 

 

 

c.  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

30. REASONING Determine a rule to find the final 
image of a point that is translated along 

and then . 

SOLUTION:  

Translating along  and then along   is 

same as translating along . Therefore, 

the translation vector is  

ANSWER:  
 

31. CHALLENGE A line y  = mx + b is translated using

the vector . Write the equation of the translated

line. What is the value of the y-intercept? 

SOLUTION:  

The vector  maps the point (x, y) → (x + a, y  +

b).  
  
Step 1: Identify two points on the line y  = mx + b. 

When x = 0, y  = b. When y  = 0, x = . So two 

points on the line y  = mx + b are (0, b) and ( , 
0).  
  
Step 2: Find the location of these points under the 
vector translation .  

(0, b) → (0 + a, b + b) → (a, 2b) 
  

( , 0) → (  + a, 0 + b) → (  + a, b) 
  
Step 3: Use these points to determine the equation 
of the translated line.  
  

 
  
Since the line is translated with its orientation 
unchanged we would expect the slope of the line to 
remain unchanged. Substituting the point (a, 2b) into
the equation  we will find   , the y -
intercept of the translated line.  

 
  
Note that if we had used the second point on the 
translated line, we would have arrived at the same 
value for the new y -intercept. 

 
  
Substituting the value of the new y -intercept into the
equation, we arrive at the equation for the translated
line.  

 
Combine like terms.  

 

ANSWER:  

y = m(x – a) + 2b; 2b – ma 

32. OPEN-ENDED Draw a figure on the coordinate 
plane so that the figure has the same orientation after
it is reflected in the line y  = 1. Explain what must be 
true in order for this to occur. 

SOLUTION:  
Draw figure ABCD with vertices at  A(–4, 8), B (4, 
8), C (4, 4), and D(–, 4). Draw the line y  = 1. 

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

 
In order for the figures ABCD and A'B'C'D' to be the
same, they must match up when you fold the grid in 
half horizontally at the y = 1 line. 

ANSWER:  

 
Sample answer: in order for the figure to be the 
same, it must match up when you fold it in half 
horizontally at the y  = 1 line. 

33. WRITING IN MATH Compare and contrast 
function notation and vector notation for translations. 

SOLUTION:  
Both vector notation and function notation describe 
the distance a figure is translated in the horizontal 
and vertical directions. Vector notation only 
describes the movement. It does not determine the 
beginning and ending locations. Function notation 
does both. It will give the initial point, the distance of 
the horizontal and vertical translation, and the ending 
point. For example, the translation a units to the right 
and b units up from the point (x, y) would be written 

 in vector notation and (x, y) → (x + a, y  + b) 

in function notation. 

ANSWER:  
Sample answer: Both vector notation and function 
notation describe the distance a figure is translated in
the horizontal and vertical directions. Vector notation 
does not give a rule in terms of initial location, but 
function notation does. For example, the translation a 
units to the right and b units up from the point (x, y) 

would be written  in vector notation and (x, y) 

→ (x + a, y  + b) in function notation. 

34. WRITING IN MATH Recall from Lesson 3-1 that
an invariant point maps onto itself. Can invariant 
points occur with translations? Explain why or why 
not. 

SOLUTION:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

ANSWER:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

35. On a grid triangle PQR has vertices P(2, 1), Q(3, –
1), and R(–1, –2) as shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). Find the coordinates of the vertices of triangle 
P'Q'R'. 
  
P' =  
Q' =  
R' =  
  
b. Which point lies in the interior of triangle P'Q'R'? 
A (0, –1) 
B (2, –4) 
C (–2, –4) 
D (–2, 2) 

SOLUTION:  
PQR has vertices P(2, 1), Q(3, –1), and R(–1, –2) as
shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). So the coordinates of the vertices of triangle 
P'Q'R' can be found by subtracting 2 from each x-
coordinate and adding 3 to each y-coordinate. 
  
P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. To find which point lies in the interior of triangle 
P'Q'R', either plot the image triangle on the 
coordinate plane and check, or notice that all of the 
image triangle is in quadrants I and II, and only 
answer choice D (–2, 2) is in either of those 
quadrants. 
  

ANSWER:  
a. P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. D 

36. Which of the following is the image of the line 
 under the translation (x, y) → (
)?  

A  
B  
C  
D  

SOLUTION:  
The translation of   can be 
thought of graphically, as a translation of the line 

 one unit to the left and one unit up. This 
would result in the translation graph seen below. The 
resulting line would be  . The correct 
choice is C. 

 

ANSWER:  
C 

37. Which of the following vectors will translate a point 
with the coordinates (3, –5) up and to the left on a 
coordinate plane? 
  
A  
B  
C  
D  

SOLUTION:  
The coordinates of the point do not matter, if a 
translation vector is to move a point up and to the 

left, the vector must be of the form , where a is
negative and b is positive. 
  
The correct answer is choice C. 

ANSWER:  
C 

38. Given a triangle with vertices A(–7, –1), B(–2, –3) 
and C(2, 4), which of the following represents the 
coordinates of the vertices of the image after a 
translation of the triangle 5 units right and 3 units up? 
  
A A(–4, 4), B(1, 2) and C(5, 9) 
B A(–2, 2), B(3, 0) and C(7, 7) 
C A(–12, 2), B(–7, 0) and C(–3, 7) 
D A(–2, –4), B(3, –6) and C(7, 1) 

SOLUTION:  
To translate A(–7, –1), B(–2, –3) and C(2, 4) five 
units right and three units up, add 5 to each x-
coordinate and add 3 to each y-coordinate.  
  
A(–7, –1), B(–2, –3), C(2, 4) → A(–7 + 5, –1 + 3), B
(–2 + 5, –3 + 3), C(2 + 5, 4 + 3)  
which is equivalent to  A(–2, 2), B(3, 0), C(7, 7).  

ANSWER:  
B 

39. Which of the following statements is true for both the
translation  and the translation 

?  
A   A point and its image have the same y-
coordinate. 
B   Points on the x-axis are mapped to other points 
on the x-axis. 
C   The translation vector is . 
D    A point in Quadrant I is mapped to another point
in Quadrant I. 

SOLUTION:  
Option A cannot be true, as the 
translation   would translate 
each y-coordinate up 2 units.  
Option B cannot be true, as the translation 

 would translate the point (2,0) 
to (2,2), a point no longer on the x-axis.  
Option C cannot be true, as the translation vertex 
for   would be , not . 
Option D is the correct choice as any point with 
positive x and y  coordinates will remain positive with 
either translation. Therefore they will remain in 
Quadrant I. 

ANSWER:  
D 

40. What is the distance between any point and its image
under the translation ? 
Round to the nearest tenth. 

SOLUTION:  
The distance between any point and its image are the
same, under the same translation. Therefore, choose 
any point, find its image under the 
translation  , and then use 
the Distance Formula to find the distance between 
these two points.  
  
Example: The image of point  would be 

.  

 
      

ANSWER:  
7.2 

41. Under which of the following translations does the 
image of rectangle JKLM not overlap rectangle 
JKLM? 

               
A     
B    
C    
D     
E     

SOLUTION:  
For JKLM to not overlap its image, the translation of 
the x-coordinates would have to be either more than 
3 or less than negative 3, since the length of the 
rectangle is 3 units. The only choice for which this is 
true is D.  

ANSWER:  
D 
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3-2 Translations 



Copy the figure and the given translation 
vector. Then draw the translation of the figure 
along the translation vector. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point B' by marking off this distance along the line 
through vertex B, starting at B and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points C' and D'. 
Then connect vertices B', C', and D' to form the 
translated image. 
  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point W' by marking off this distance along the line 
through vertex W, starting at W and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect vertices W', X ', Y' and Z' to form 
the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

4. trapezoid JKLM with vertices J(2, 4), K(1, 1), L(5, 1)

and M (4, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(2 + 7, 4 + 1), K’(1 + 7, 1 + 1), L’(5 +
7, 1 + 1) and M ’(4 + 7, 4 + 1). 

 

ANSWER:  

 

5.  with vertices D(–8, 8), F(–10, 4), and G(–7, 

6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are D’(–8 + 5, 8 – 2), F’(–10 + 5, 4 – 2), and
G’(–7 + 5, 6 – 2). 

 

ANSWER:  

 

6. parallelogram WXYZ with vertices W(–6, –5), X(–2, –
5), Y(–1, –8), and Z(–5, –8); 

 

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–6 – 1, –5 + 4), X’(–2 – 1, –5 
+ 4), Y’(–1 – 1, –8 + 4), and Z’(–5 – 1, –8 + 4). 
  

   

ANSWER:  

 

7. VIDEO GAMES The object of the video game 
shown is to manipulate the colored tiles left or right 
as they fall from the top of the screen to completely 
fill each row without leaving empty spaces. If the 
starting position of the tile piece at the top of the 
screen is (x, y), use function notation to describe the 
translation that will fill the indicated row. 

 

SOLUTION:  
There is only one block space for the row to be 
complete. For the object to fit in the place, it should 
be moved 3 places right and 5 places down. So, the 

translation vector should be  

Therefore, the translation is  

ANSWER:  
 

TOOLS  Copy the figure and the given 
translation vector. Then draw the translation of 
the figure along the translation vector. 

8.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point J' by marking off this distance along the line 
through vertex J, starting at J and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect vertices J', K',  L', and M' to form
the translated image. 

 

ANSWER:  

 

9.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point A ' by marking off this distance along the line 
through vertex A , starting at A  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points B' and C'. 
Then connect vertices A ', B', and C' to form the 
translated image. 

 

ANSWER:  

 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
  
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point X ' by marking off this distance along the line 
through vertex X , starting at X  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect vertices X ', Y', and Z' to form the 
translated image. 

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point D' by marking off this distance along the line 
through vertex D, starting at D and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect vertices D', F', G' and H' to form 
the translated image. 

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point V' by marking off this distance along the line 
through vertex V, starting at V and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect vertices V', W', X ', Y' and Z' 
to form the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

14.  with vertices A(1, 6), B(3, 2), and C(4, 

7);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are A’(1 + 4, 6 – 1), B’(3 + 4, 2 – 1), and 
C’(4 + 4, 7 – 1). 

 

ANSWER:  

 

15.  with vertices M (4, –5), N(5, –8), and P(8, –
6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are M ’(4 – 2, –5 + 5), N’(5 – 2, –8 + 5), and 
P’(8 – , –6 + 5). 

 

ANSWER:  

 

16. rectangle QRST with vertices Q(–8, 4), R(–8, 2), S(–
3, 2), and T(–3, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
rectangle are Q’(–8 + 2, 4 + 3), R’(–8 + 2, 2 + 3), 
S’(–3 + 2, 2 + 3), and T’(–3 + 2, 4 + 3). 

 

ANSWER:  

 

17. quadrilateral FGHJ with vertices F(–4, –2), G(–1, –
1), H(0, –4), and J(–3, –6);  

SOLUTION:  
The coordinates of the vertices of the translated 
quadrilateral are F’(–4 – 5, –2 – 2), G’(–1 – 5, –1 – 
2), H’(0 – 5, –4 – 2), and J’(–3 – 5, –6 – 2). 

 

ANSWER:  

 

18.  with vertices W(–3, –1), X(1, –1), Y(2, –4), 

and Z(–2, –4);  

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–3 – 3, –1 + 4), X’(1 – 3, –1 + 
4), Y’(2 – 3, –4 + 4), and Z’(–2 – 3, –4 + 4). 

 

ANSWER:  

 

19. trapezoid JKLM with vertices J(–4, –2), K(–1, –2), L

(0, –5), and M (–5, –5);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(–4 + 6, –2 + 5), K’(–1 + 6, –2 + 5), 
L’(0 + 6, –5 + 5), and M ’(–5 + 6, –5 + 5). 

 

ANSWER:  

 

20. PROBLEM SOLVING Brittany’s neighborhood is 
shown on the grid at the right. 

 
a. If she leaves home and travels 4 blocks north and 
3 blocks east, what is her new location? 
b. Use words to describe two possible translations 
that will take Brittany home from school. 

SOLUTION:  
a. Since the north side is marked upwards, travelling 
4 blocks north and 3 blocks east means moving 4 
blocks up and 3 blocks right. The point 4 blocks up 
and 3 blocks right to the home is the library. 
Therefore, her new location will be the library. 
b. The resultant vector must be . Any 
combination of vectors that form this resultant vector
will be satisfactory. 
  
 She can go west 5 blocks and then south 1 block, or 
she can go south 1 block and then west 5 blocks to 
reach the school. 

ANSWER:  
a. Library 
b. Sample answer: She can go west 5 blocks and 
then south 1 block, or she can go south 1 block and 
then west 5 blocks. 

21. FOOTBALL A wide receiver starts from his 15-
yard line on the right hash mark and runs a route that
takes him 12 yards to the left and down field for a 
gain of 17 yards. Write a translation vector to 
describe the receiver’s route. 

 

SOLUTION:  
The receiver starts on the right hash of the 15-yard 
line and moves 12 yards left and then 17 yards down 
field, or upwards as shown in the diagram.  

 
So, a translation vector that represents the receiver's 

route would be    

ANSWER:  
 

22. MULTI-STEP Each type of chess piece has a rule
for how it can be moved. A knight can move two 
squares horizontally and then one square vertically, 
or two squares vertically and one square 
horizontally. The bishop can only move diagonally. 
When a chess piece moves to a space that is 
occupied by an opponent’s piece, it is attacking that
piece. 

                            
a. What is the maximum number of knights that 
could be placed on an 8 by 8 chessboard so that 
none of the pieces can attack each other? What is 
the maximum number of bishops?  
b. Explain your solution process.  

SOLUTION:  
a-b.  I began by analyzing the movements of a single
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. Therefore,  is the 
maximum number of knight on an 8 by 8 
chessboard so that none can attack each other.  
      The bishops can move diagonally in any 
direction. I began by filling the entire first row of the 
chessboard with bishops. I crossed off all of the 
squares that could no longer be occupied by 
another bishop. From the remaining spaces 
available, you can fit the most bishops along the last 
row. Because the first and last square on the row 
can be attacked by a bishop on the opposite side of
the board, there are only 6 spaces available. So, 14
bishops can occupy a chessboard without being 
able to attack one another. 

 

ANSWER:  
a.  32; 14 
b. I began by analyzing the movements of a single 
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. The bishops can move 
diagonally in any direction. I began by filling the 
entire first row of the chessboard with bishops. I 
crossed off all of the squares that could no longer 
be occupied by another bishop. From the remaining
spaces available, you can fit the most bishops along 
the last row. Because the first and last square on the
row can be attacked by a bishop on the opposite 
side of the board, there are only 6 spaces available. 
So, 14 bishops can occupy a chessboard without 
being able to attack one another. 

Write each translation vector that maps the 
blue preimage to the green image. 

23.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue triangle is at (–2, 4). The top vertex of the green
triangle is at (1, –1), Subtract the coordinates. 
  
1 – (–2) = 3 
–1 – 4 = –5 
  
The triangle has been translated 3 units right and 5 

units down. So, the translation vector is  

ANSWER:  
 

24.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue pentagon is at (2, 0). The top vertex of the green
pentagon is at (–4, 4), Subtract the coordinates. 
  
–4 – (2) = –6 
4 – 0 = 4 
  
The pentagon has been translated 6 units left and 4 

units up. So, the translation vector is  

ANSWER:  
 

25. CONCERTS Dexter’s family buys tickets every 
year for a concert. Last year they were in seats C3, 
C4, C5, and C6. This year, they will be in seats D16, 
D17, D18, and D19. Write a translation in words and 
using vector notation that can be used to describe the
change in their seating. 

 

SOLUTION:  
Pick a seat from the new row and compare it to the 
corresponding seat in the previous row. The seat 
D16 is 13 seats right and 1 row back to C3. 
Therefore, the translation vector can be represented 

as  

ANSWER:  
They move to the right 13 seats and back one row; 

 

SENSE-MAKING Graph the translation of each
function along the given vector. Then write the 
equation of the translated image. 

26.   

 

SOLUTION:  

The translation of translates each point of 

 4 units right and 1 unit up. Thus,  the vertex 
of (0, 0) will translate to (4, 1). (1, 1) translates to (5, 
2) and (–1, 1) translates to (3, 2), etc. 
  

 
The equation for the translated function is y  = (x – 4)
2
 + 1. 

ANSWER:  

 
y = (x – 4)

2
 + 1 

27.   

 

SOLUTION:  

The translation of    translates each point of 

 2 units left. Thus,  the intercept of (0, 0) 
will translate to (–2, 0). (1, –1) translates to (–1, –1) 
and (–1, 1) translates to (–3, 1), etc. 
  

 
The equation of the translated function is y  = –(x + 

2)
3. 

ANSWER:  

 
y = –(x + 2)

3 

28. ROLLER COASTERS The length of the roller 
coaster track from the top of a hill to the bottom of 
the hill is 125 feet at a 53° angle with the vertical. If 
the position at the top of the hill is (x, y), use function 
notation to describe the translation to the bottom of 
the hill. Round to the nearest foot. 

SOLUTION:  
We have a triangle as shown. 

 
Use trigonometric ratios to find the vertical and 
horizontal changes of the coordinates of points from 
A to B. 
  

 

  
The vertex B is 75 ft down and 100 ft left to A. 
Therefore, the translation is (x, y) → (x – 75, y  – 
100). 

ANSWER:  
(x, y) → (x + 75, y  – 100) 

29. MULTIPLE REPRESENTATIONS In this 
problem, you will investigate reflections over a pair of
parallel lines. 

 
a. GEOMETRIC On patty paper, draw and 
a pair of vertical lines  l and m. Reflect in line l  by 
folding the patty paper. Then reflect, , in line 

m. Label the final image . 

b. GEOMETRIC Repeat the process in part a for 

reflected in vertical lines n and p  and 

 reflected in vertical lines q and r. 
c. TABULAR Copy and complete the table below. 

 
d. VERBAL Describe the result of two reflections 
in two vertical lines using one transformation. 

SOLUTION:  
a. 
Step 1: Draw ABC and line l and line m.  
Step 2: Fold the paper on line l.  Sketch the figure 
A'B'C'. 
Step 3: Fold the paper on line m.  Sketch the figure 
A''B''C''. 

 
  
b. 
Draw another triangle DEF and line n and line p  . 
Reflect twice following the steps in part a.  

 
  
Draw another triangle JKL and line q and line r . 
Reflect twice following the steps in part a.  
  

 
  
c. 

   
  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

ANSWER:  
a. 

 
b. 

 

 

c.  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

30. REASONING Determine a rule to find the final 
image of a point that is translated along 

and then . 

SOLUTION:  

Translating along  and then along   is 

same as translating along . Therefore, 

the translation vector is  

ANSWER:  
 

31. CHALLENGE A line y  = mx + b is translated using

the vector . Write the equation of the translated

line. What is the value of the y-intercept? 

SOLUTION:  

The vector  maps the point (x, y) → (x + a, y  +

b).  
  
Step 1: Identify two points on the line y  = mx + b. 

When x = 0, y  = b. When y  = 0, x = . So two 

points on the line y  = mx + b are (0, b) and ( , 
0).  
  
Step 2: Find the location of these points under the 
vector translation .  

(0, b) → (0 + a, b + b) → (a, 2b) 
  

( , 0) → (  + a, 0 + b) → (  + a, b) 
  
Step 3: Use these points to determine the equation 
of the translated line.  
  

 
  
Since the line is translated with its orientation 
unchanged we would expect the slope of the line to 
remain unchanged. Substituting the point (a, 2b) into
the equation  we will find   , the y -
intercept of the translated line.  

 
  
Note that if we had used the second point on the 
translated line, we would have arrived at the same 
value for the new y -intercept. 

 
  
Substituting the value of the new y -intercept into the
equation, we arrive at the equation for the translated
line.  

 
Combine like terms.  

 

ANSWER:  

y = m(x – a) + 2b; 2b – ma 

32. OPEN-ENDED Draw a figure on the coordinate 
plane so that the figure has the same orientation after
it is reflected in the line y  = 1. Explain what must be 
true in order for this to occur. 

SOLUTION:  
Draw figure ABCD with vertices at  A(–4, 8), B (4, 
8), C (4, 4), and D(–, 4). Draw the line y  = 1. 

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

 
In order for the figures ABCD and A'B'C'D' to be the
same, they must match up when you fold the grid in 
half horizontally at the y = 1 line. 

ANSWER:  

 
Sample answer: in order for the figure to be the 
same, it must match up when you fold it in half 
horizontally at the y  = 1 line. 

33. WRITING IN MATH Compare and contrast 
function notation and vector notation for translations. 

SOLUTION:  
Both vector notation and function notation describe 
the distance a figure is translated in the horizontal 
and vertical directions. Vector notation only 
describes the movement. It does not determine the 
beginning and ending locations. Function notation 
does both. It will give the initial point, the distance of 
the horizontal and vertical translation, and the ending 
point. For example, the translation a units to the right 
and b units up from the point (x, y) would be written 

 in vector notation and (x, y) → (x + a, y  + b) 

in function notation. 

ANSWER:  
Sample answer: Both vector notation and function 
notation describe the distance a figure is translated in
the horizontal and vertical directions. Vector notation 
does not give a rule in terms of initial location, but 
function notation does. For example, the translation a 
units to the right and b units up from the point (x, y) 

would be written  in vector notation and (x, y) 

→ (x + a, y  + b) in function notation. 

34. WRITING IN MATH Recall from Lesson 3-1 that
an invariant point maps onto itself. Can invariant 
points occur with translations? Explain why or why 
not. 

SOLUTION:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

ANSWER:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

35. On a grid triangle PQR has vertices P(2, 1), Q(3, –
1), and R(–1, –2) as shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). Find the coordinates of the vertices of triangle 
P'Q'R'. 
  
P' =  
Q' =  
R' =  
  
b. Which point lies in the interior of triangle P'Q'R'? 
A (0, –1) 
B (2, –4) 
C (–2, –4) 
D (–2, 2) 

SOLUTION:  
PQR has vertices P(2, 1), Q(3, –1), and R(–1, –2) as
shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). So the coordinates of the vertices of triangle 
P'Q'R' can be found by subtracting 2 from each x-
coordinate and adding 3 to each y-coordinate. 
  
P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. To find which point lies in the interior of triangle 
P'Q'R', either plot the image triangle on the 
coordinate plane and check, or notice that all of the 
image triangle is in quadrants I and II, and only 
answer choice D (–2, 2) is in either of those 
quadrants. 
  

ANSWER:  
a. P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. D 

36. Which of the following is the image of the line 
 under the translation (x, y) → (
)?  

A  
B  
C  
D  

SOLUTION:  
The translation of   can be 
thought of graphically, as a translation of the line 

 one unit to the left and one unit up. This 
would result in the translation graph seen below. The 
resulting line would be  . The correct 
choice is C. 

 

ANSWER:  
C 

37. Which of the following vectors will translate a point 
with the coordinates (3, –5) up and to the left on a 
coordinate plane? 
  
A  
B  
C  
D  

SOLUTION:  
The coordinates of the point do not matter, if a 
translation vector is to move a point up and to the 

left, the vector must be of the form , where a is
negative and b is positive. 
  
The correct answer is choice C. 

ANSWER:  
C 

38. Given a triangle with vertices A(–7, –1), B(–2, –3) 
and C(2, 4), which of the following represents the 
coordinates of the vertices of the image after a 
translation of the triangle 5 units right and 3 units up? 
  
A A(–4, 4), B(1, 2) and C(5, 9) 
B A(–2, 2), B(3, 0) and C(7, 7) 
C A(–12, 2), B(–7, 0) and C(–3, 7) 
D A(–2, –4), B(3, –6) and C(7, 1) 

SOLUTION:  
To translate A(–7, –1), B(–2, –3) and C(2, 4) five 
units right and three units up, add 5 to each x-
coordinate and add 3 to each y-coordinate.  
  
A(–7, –1), B(–2, –3), C(2, 4) → A(–7 + 5, –1 + 3), B
(–2 + 5, –3 + 3), C(2 + 5, 4 + 3)  
which is equivalent to  A(–2, 2), B(3, 0), C(7, 7).  

ANSWER:  
B 

39. Which of the following statements is true for both the
translation  and the translation 

?  
A   A point and its image have the same y-
coordinate. 
B   Points on the x-axis are mapped to other points 
on the x-axis. 
C   The translation vector is . 
D    A point in Quadrant I is mapped to another point
in Quadrant I. 

SOLUTION:  
Option A cannot be true, as the 
translation   would translate 
each y-coordinate up 2 units.  
Option B cannot be true, as the translation 

 would translate the point (2,0) 
to (2,2), a point no longer on the x-axis.  
Option C cannot be true, as the translation vertex 
for   would be , not . 
Option D is the correct choice as any point with 
positive x and y  coordinates will remain positive with 
either translation. Therefore they will remain in 
Quadrant I. 

ANSWER:  
D 

40. What is the distance between any point and its image
under the translation ? 
Round to the nearest tenth. 

SOLUTION:  
The distance between any point and its image are the
same, under the same translation. Therefore, choose 
any point, find its image under the 
translation  , and then use 
the Distance Formula to find the distance between 
these two points.  
  
Example: The image of point  would be 

.  

 
      

ANSWER:  
7.2 

41. Under which of the following translations does the 
image of rectangle JKLM not overlap rectangle 
JKLM? 

               
A     
B    
C    
D     
E     

SOLUTION:  
For JKLM to not overlap its image, the translation of 
the x-coordinates would have to be either more than 
3 or less than negative 3, since the length of the 
rectangle is 3 units. The only choice for which this is 
true is D.  

ANSWER:  
D 

Copy the figure and the given translation 
vector. Then draw the translation of the figure 
along the translation vector. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point B' by marking off this distance along the line 
through vertex B, starting at B and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points C' and D'. 
Then connect vertices B', C', and D' to form the 
translated image. 
  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point W' by marking off this distance along the line 
through vertex W, starting at W and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect vertices W', X ', Y' and Z' to form 
the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

4. trapezoid JKLM with vertices J(2, 4), K(1, 1), L(5, 1)

and M (4, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(2 + 7, 4 + 1), K’(1 + 7, 1 + 1), L’(5 +
7, 1 + 1) and M ’(4 + 7, 4 + 1). 

 

ANSWER:  

 

5.  with vertices D(–8, 8), F(–10, 4), and G(–7, 

6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are D’(–8 + 5, 8 – 2), F’(–10 + 5, 4 – 2), and
G’(–7 + 5, 6 – 2). 

 

ANSWER:  

 

6. parallelogram WXYZ with vertices W(–6, –5), X(–2, –
5), Y(–1, –8), and Z(–5, –8); 

 

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–6 – 1, –5 + 4), X’(–2 – 1, –5 
+ 4), Y’(–1 – 1, –8 + 4), and Z’(–5 – 1, –8 + 4). 
  

   

ANSWER:  

 

7. VIDEO GAMES The object of the video game 
shown is to manipulate the colored tiles left or right 
as they fall from the top of the screen to completely 
fill each row without leaving empty spaces. If the 
starting position of the tile piece at the top of the 
screen is (x, y), use function notation to describe the 
translation that will fill the indicated row. 

 

SOLUTION:  
There is only one block space for the row to be 
complete. For the object to fit in the place, it should 
be moved 3 places right and 5 places down. So, the 

translation vector should be  

Therefore, the translation is  

ANSWER:  
 

TOOLS  Copy the figure and the given 
translation vector. Then draw the translation of 
the figure along the translation vector. 

8.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point J' by marking off this distance along the line 
through vertex J, starting at J and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect vertices J', K',  L', and M' to form
the translated image. 

 

ANSWER:  

 

9.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point A ' by marking off this distance along the line 
through vertex A , starting at A  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points B' and C'. 
Then connect vertices A ', B', and C' to form the 
translated image. 

 

ANSWER:  

 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
  
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point X ' by marking off this distance along the line 
through vertex X , starting at X  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect vertices X ', Y', and Z' to form the 
translated image. 

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point D' by marking off this distance along the line 
through vertex D, starting at D and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect vertices D', F', G' and H' to form 
the translated image. 

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point V' by marking off this distance along the line 
through vertex V, starting at V and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect vertices V', W', X ', Y' and Z' 
to form the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

14.  with vertices A(1, 6), B(3, 2), and C(4, 

7);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are A’(1 + 4, 6 – 1), B’(3 + 4, 2 – 1), and 
C’(4 + 4, 7 – 1). 

 

ANSWER:  

 

15.  with vertices M (4, –5), N(5, –8), and P(8, –
6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are M ’(4 – 2, –5 + 5), N’(5 – 2, –8 + 5), and 
P’(8 – , –6 + 5). 

 

ANSWER:  

 

16. rectangle QRST with vertices Q(–8, 4), R(–8, 2), S(–
3, 2), and T(–3, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
rectangle are Q’(–8 + 2, 4 + 3), R’(–8 + 2, 2 + 3), 
S’(–3 + 2, 2 + 3), and T’(–3 + 2, 4 + 3). 

 

ANSWER:  

 

17. quadrilateral FGHJ with vertices F(–4, –2), G(–1, –
1), H(0, –4), and J(–3, –6);  

SOLUTION:  
The coordinates of the vertices of the translated 
quadrilateral are F’(–4 – 5, –2 – 2), G’(–1 – 5, –1 – 
2), H’(0 – 5, –4 – 2), and J’(–3 – 5, –6 – 2). 

 

ANSWER:  

 

18.  with vertices W(–3, –1), X(1, –1), Y(2, –4), 

and Z(–2, –4);  

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–3 – 3, –1 + 4), X’(1 – 3, –1 + 
4), Y’(2 – 3, –4 + 4), and Z’(–2 – 3, –4 + 4). 

 

ANSWER:  

 

19. trapezoid JKLM with vertices J(–4, –2), K(–1, –2), L

(0, –5), and M (–5, –5);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(–4 + 6, –2 + 5), K’(–1 + 6, –2 + 5), 
L’(0 + 6, –5 + 5), and M ’(–5 + 6, –5 + 5). 

 

ANSWER:  

 

20. PROBLEM SOLVING Brittany’s neighborhood is 
shown on the grid at the right. 

 
a. If she leaves home and travels 4 blocks north and 
3 blocks east, what is her new location? 
b. Use words to describe two possible translations 
that will take Brittany home from school. 

SOLUTION:  
a. Since the north side is marked upwards, travelling 
4 blocks north and 3 blocks east means moving 4 
blocks up and 3 blocks right. The point 4 blocks up 
and 3 blocks right to the home is the library. 
Therefore, her new location will be the library. 
b. The resultant vector must be . Any 
combination of vectors that form this resultant vector
will be satisfactory. 
  
 She can go west 5 blocks and then south 1 block, or 
she can go south 1 block and then west 5 blocks to 
reach the school. 

ANSWER:  
a. Library 
b. Sample answer: She can go west 5 blocks and 
then south 1 block, or she can go south 1 block and 
then west 5 blocks. 

21. FOOTBALL A wide receiver starts from his 15-
yard line on the right hash mark and runs a route that
takes him 12 yards to the left and down field for a 
gain of 17 yards. Write a translation vector to 
describe the receiver’s route. 

 

SOLUTION:  
The receiver starts on the right hash of the 15-yard 
line and moves 12 yards left and then 17 yards down 
field, or upwards as shown in the diagram.  

 
So, a translation vector that represents the receiver's 

route would be    

ANSWER:  
 

22. MULTI-STEP Each type of chess piece has a rule
for how it can be moved. A knight can move two 
squares horizontally and then one square vertically, 
or two squares vertically and one square 
horizontally. The bishop can only move diagonally. 
When a chess piece moves to a space that is 
occupied by an opponent’s piece, it is attacking that
piece. 

                            
a. What is the maximum number of knights that 
could be placed on an 8 by 8 chessboard so that 
none of the pieces can attack each other? What is 
the maximum number of bishops?  
b. Explain your solution process.  

SOLUTION:  
a-b.  I began by analyzing the movements of a single
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. Therefore,  is the 
maximum number of knight on an 8 by 8 
chessboard so that none can attack each other.  
      The bishops can move diagonally in any 
direction. I began by filling the entire first row of the 
chessboard with bishops. I crossed off all of the 
squares that could no longer be occupied by 
another bishop. From the remaining spaces 
available, you can fit the most bishops along the last 
row. Because the first and last square on the row 
can be attacked by a bishop on the opposite side of
the board, there are only 6 spaces available. So, 14
bishops can occupy a chessboard without being 
able to attack one another. 

 

ANSWER:  
a.  32; 14 
b. I began by analyzing the movements of a single 
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. The bishops can move 
diagonally in any direction. I began by filling the 
entire first row of the chessboard with bishops. I 
crossed off all of the squares that could no longer 
be occupied by another bishop. From the remaining
spaces available, you can fit the most bishops along 
the last row. Because the first and last square on the
row can be attacked by a bishop on the opposite 
side of the board, there are only 6 spaces available. 
So, 14 bishops can occupy a chessboard without 
being able to attack one another. 

Write each translation vector that maps the 
blue preimage to the green image. 

23.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue triangle is at (–2, 4). The top vertex of the green
triangle is at (1, –1), Subtract the coordinates. 
  
1 – (–2) = 3 
–1 – 4 = –5 
  
The triangle has been translated 3 units right and 5 

units down. So, the translation vector is  

ANSWER:  
 

24.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue pentagon is at (2, 0). The top vertex of the green
pentagon is at (–4, 4), Subtract the coordinates. 
  
–4 – (2) = –6 
4 – 0 = 4 
  
The pentagon has been translated 6 units left and 4 

units up. So, the translation vector is  

ANSWER:  
 

25. CONCERTS Dexter’s family buys tickets every 
year for a concert. Last year they were in seats C3, 
C4, C5, and C6. This year, they will be in seats D16, 
D17, D18, and D19. Write a translation in words and 
using vector notation that can be used to describe the
change in their seating. 

 

SOLUTION:  
Pick a seat from the new row and compare it to the 
corresponding seat in the previous row. The seat 
D16 is 13 seats right and 1 row back to C3. 
Therefore, the translation vector can be represented 

as  

ANSWER:  
They move to the right 13 seats and back one row; 

 

SENSE-MAKING Graph the translation of each
function along the given vector. Then write the 
equation of the translated image. 

26.   

 

SOLUTION:  

The translation of translates each point of 

 4 units right and 1 unit up. Thus,  the vertex 
of (0, 0) will translate to (4, 1). (1, 1) translates to (5, 
2) and (–1, 1) translates to (3, 2), etc. 
  

 
The equation for the translated function is y  = (x – 4)
2
 + 1. 

ANSWER:  

 
y = (x – 4)

2
 + 1 

27.   

 

SOLUTION:  

The translation of    translates each point of 

 2 units left. Thus,  the intercept of (0, 0) 
will translate to (–2, 0). (1, –1) translates to (–1, –1) 
and (–1, 1) translates to (–3, 1), etc. 
  

 
The equation of the translated function is y  = –(x + 

2)
3. 

ANSWER:  

 
y = –(x + 2)

3 

28. ROLLER COASTERS The length of the roller 
coaster track from the top of a hill to the bottom of 
the hill is 125 feet at a 53° angle with the vertical. If 
the position at the top of the hill is (x, y), use function 
notation to describe the translation to the bottom of 
the hill. Round to the nearest foot. 

SOLUTION:  
We have a triangle as shown. 

 
Use trigonometric ratios to find the vertical and 
horizontal changes of the coordinates of points from 
A to B. 
  

 

  
The vertex B is 75 ft down and 100 ft left to A. 
Therefore, the translation is (x, y) → (x – 75, y  – 
100). 

ANSWER:  
(x, y) → (x + 75, y  – 100) 

29. MULTIPLE REPRESENTATIONS In this 
problem, you will investigate reflections over a pair of
parallel lines. 

 
a. GEOMETRIC On patty paper, draw and 
a pair of vertical lines  l and m. Reflect in line l  by 
folding the patty paper. Then reflect, , in line 

m. Label the final image . 

b. GEOMETRIC Repeat the process in part a for 

reflected in vertical lines n and p  and 

 reflected in vertical lines q and r. 
c. TABULAR Copy and complete the table below. 

 
d. VERBAL Describe the result of two reflections 
in two vertical lines using one transformation. 

SOLUTION:  
a. 
Step 1: Draw ABC and line l and line m.  
Step 2: Fold the paper on line l.  Sketch the figure 
A'B'C'. 
Step 3: Fold the paper on line m.  Sketch the figure 
A''B''C''. 

 
  
b. 
Draw another triangle DEF and line n and line p  . 
Reflect twice following the steps in part a.  

 
  
Draw another triangle JKL and line q and line r . 
Reflect twice following the steps in part a.  
  

 
  
c. 

   
  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

ANSWER:  
a. 

 
b. 

 

 

c.  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

30. REASONING Determine a rule to find the final 
image of a point that is translated along 

and then . 

SOLUTION:  

Translating along  and then along   is 

same as translating along . Therefore, 

the translation vector is  

ANSWER:  
 

31. CHALLENGE A line y  = mx + b is translated using

the vector . Write the equation of the translated

line. What is the value of the y-intercept? 

SOLUTION:  

The vector  maps the point (x, y) → (x + a, y  +

b).  
  
Step 1: Identify two points on the line y  = mx + b. 

When x = 0, y  = b. When y  = 0, x = . So two 

points on the line y  = mx + b are (0, b) and ( , 
0).  
  
Step 2: Find the location of these points under the 
vector translation .  

(0, b) → (0 + a, b + b) → (a, 2b) 
  

( , 0) → (  + a, 0 + b) → (  + a, b) 
  
Step 3: Use these points to determine the equation 
of the translated line.  
  

 
  
Since the line is translated with its orientation 
unchanged we would expect the slope of the line to 
remain unchanged. Substituting the point (a, 2b) into
the equation  we will find   , the y -
intercept of the translated line.  

 
  
Note that if we had used the second point on the 
translated line, we would have arrived at the same 
value for the new y -intercept. 

 
  
Substituting the value of the new y -intercept into the
equation, we arrive at the equation for the translated
line.  

 
Combine like terms.  

 

ANSWER:  

y = m(x – a) + 2b; 2b – ma 

32. OPEN-ENDED Draw a figure on the coordinate 
plane so that the figure has the same orientation after
it is reflected in the line y  = 1. Explain what must be 
true in order for this to occur. 

SOLUTION:  
Draw figure ABCD with vertices at  A(–4, 8), B (4, 
8), C (4, 4), and D(–, 4). Draw the line y  = 1. 

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

 
In order for the figures ABCD and A'B'C'D' to be the
same, they must match up when you fold the grid in 
half horizontally at the y = 1 line. 

ANSWER:  

 
Sample answer: in order for the figure to be the 
same, it must match up when you fold it in half 
horizontally at the y  = 1 line. 

33. WRITING IN MATH Compare and contrast 
function notation and vector notation for translations. 

SOLUTION:  
Both vector notation and function notation describe 
the distance a figure is translated in the horizontal 
and vertical directions. Vector notation only 
describes the movement. It does not determine the 
beginning and ending locations. Function notation 
does both. It will give the initial point, the distance of 
the horizontal and vertical translation, and the ending 
point. For example, the translation a units to the right 
and b units up from the point (x, y) would be written 

 in vector notation and (x, y) → (x + a, y  + b) 

in function notation. 

ANSWER:  
Sample answer: Both vector notation and function 
notation describe the distance a figure is translated in
the horizontal and vertical directions. Vector notation 
does not give a rule in terms of initial location, but 
function notation does. For example, the translation a 
units to the right and b units up from the point (x, y) 

would be written  in vector notation and (x, y) 

→ (x + a, y  + b) in function notation. 

34. WRITING IN MATH Recall from Lesson 3-1 that
an invariant point maps onto itself. Can invariant 
points occur with translations? Explain why or why 
not. 

SOLUTION:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

ANSWER:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

35. On a grid triangle PQR has vertices P(2, 1), Q(3, –
1), and R(–1, –2) as shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). Find the coordinates of the vertices of triangle 
P'Q'R'. 
  
P' =  
Q' =  
R' =  
  
b. Which point lies in the interior of triangle P'Q'R'? 
A (0, –1) 
B (2, –4) 
C (–2, –4) 
D (–2, 2) 

SOLUTION:  
PQR has vertices P(2, 1), Q(3, –1), and R(–1, –2) as
shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). So the coordinates of the vertices of triangle 
P'Q'R' can be found by subtracting 2 from each x-
coordinate and adding 3 to each y-coordinate. 
  
P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. To find which point lies in the interior of triangle 
P'Q'R', either plot the image triangle on the 
coordinate plane and check, or notice that all of the 
image triangle is in quadrants I and II, and only 
answer choice D (–2, 2) is in either of those 
quadrants. 
  

ANSWER:  
a. P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. D 

36. Which of the following is the image of the line 
 under the translation (x, y) → (
)?  

A  
B  
C  
D  

SOLUTION:  
The translation of   can be 
thought of graphically, as a translation of the line 

 one unit to the left and one unit up. This 
would result in the translation graph seen below. The 
resulting line would be  . The correct 
choice is C. 

 

ANSWER:  
C 

37. Which of the following vectors will translate a point 
with the coordinates (3, –5) up and to the left on a 
coordinate plane? 
  
A  
B  
C  
D  

SOLUTION:  
The coordinates of the point do not matter, if a 
translation vector is to move a point up and to the 

left, the vector must be of the form , where a is
negative and b is positive. 
  
The correct answer is choice C. 

ANSWER:  
C 

38. Given a triangle with vertices A(–7, –1), B(–2, –3) 
and C(2, 4), which of the following represents the 
coordinates of the vertices of the image after a 
translation of the triangle 5 units right and 3 units up? 
  
A A(–4, 4), B(1, 2) and C(5, 9) 
B A(–2, 2), B(3, 0) and C(7, 7) 
C A(–12, 2), B(–7, 0) and C(–3, 7) 
D A(–2, –4), B(3, –6) and C(7, 1) 

SOLUTION:  
To translate A(–7, –1), B(–2, –3) and C(2, 4) five 
units right and three units up, add 5 to each x-
coordinate and add 3 to each y-coordinate.  
  
A(–7, –1), B(–2, –3), C(2, 4) → A(–7 + 5, –1 + 3), B
(–2 + 5, –3 + 3), C(2 + 5, 4 + 3)  
which is equivalent to  A(–2, 2), B(3, 0), C(7, 7).  

ANSWER:  
B 

39. Which of the following statements is true for both the
translation  and the translation 

?  
A   A point and its image have the same y-
coordinate. 
B   Points on the x-axis are mapped to other points 
on the x-axis. 
C   The translation vector is . 
D    A point in Quadrant I is mapped to another point
in Quadrant I. 

SOLUTION:  
Option A cannot be true, as the 
translation   would translate 
each y-coordinate up 2 units.  
Option B cannot be true, as the translation 

 would translate the point (2,0) 
to (2,2), a point no longer on the x-axis.  
Option C cannot be true, as the translation vertex 
for   would be , not . 
Option D is the correct choice as any point with 
positive x and y  coordinates will remain positive with 
either translation. Therefore they will remain in 
Quadrant I. 

ANSWER:  
D 

40. What is the distance between any point and its image
under the translation ? 
Round to the nearest tenth. 

SOLUTION:  
The distance between any point and its image are the
same, under the same translation. Therefore, choose 
any point, find its image under the 
translation  , and then use 
the Distance Formula to find the distance between 
these two points.  
  
Example: The image of point  would be 

.  

 
      

ANSWER:  
7.2 

41. Under which of the following translations does the 
image of rectangle JKLM not overlap rectangle 
JKLM? 

               
A     
B    
C    
D     
E     

SOLUTION:  
For JKLM to not overlap its image, the translation of 
the x-coordinates would have to be either more than 
3 or less than negative 3, since the length of the 
rectangle is 3 units. The only choice for which this is 
true is D.  

ANSWER:  
D 
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3-2 Translations 



Copy the figure and the given translation 
vector. Then draw the translation of the figure 
along the translation vector. 

1.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point B' by marking off this distance along the line 
through vertex B, starting at B and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points C' and D'. 
Then connect vertices B', C', and D' to form the 
translated image. 
  

 

ANSWER:  

 

2.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

3.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point W' by marking off this distance along the line 
through vertex W, starting at W and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points X ', Y' and 
Z'. Then connect vertices W', X ', Y' and Z' to form 
the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

4. trapezoid JKLM with vertices J(2, 4), K(1, 1), L(5, 1)

and M (4, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(2 + 7, 4 + 1), K’(1 + 7, 1 + 1), L’(5 +
7, 1 + 1) and M ’(4 + 7, 4 + 1). 

 

ANSWER:  

 

5.  with vertices D(–8, 8), F(–10, 4), and G(–7, 

6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are D’(–8 + 5, 8 – 2), F’(–10 + 5, 4 – 2), and
G’(–7 + 5, 6 – 2). 

 

ANSWER:  

 

6. parallelogram WXYZ with vertices W(–6, –5), X(–2, –
5), Y(–1, –8), and Z(–5, –8); 

 

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–6 – 1, –5 + 4), X’(–2 – 1, –5 
+ 4), Y’(–1 – 1, –8 + 4), and Z’(–5 – 1, –8 + 4). 
  

   

ANSWER:  

 

7. VIDEO GAMES The object of the video game 
shown is to manipulate the colored tiles left or right 
as they fall from the top of the screen to completely 
fill each row without leaving empty spaces. If the 
starting position of the tile piece at the top of the 
screen is (x, y), use function notation to describe the 
translation that will fill the indicated row. 

 

SOLUTION:  
There is only one block space for the row to be 
complete. For the object to fit in the place, it should 
be moved 3 places right and 5 places down. So, the 

translation vector should be  

Therefore, the translation is  

ANSWER:  
 

TOOLS  Copy the figure and the given 
translation vector. Then draw the translation of 
the figure along the translation vector. 

8.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 

 

Step 2 : Measure the length of vector . Locate 
point J' by marking off this distance along the line 
through vertex J, starting at J and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points K', L', and 
M'. Then connect vertices J', K',  L', and M' to form
the translated image. 

 

ANSWER:  

 

9.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point A ' by marking off this distance along the line 
through vertex A , starting at A  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points B' and C'. 
Then connect vertices A ', B', and C' to form the 
translated image. 

 

ANSWER:  

 

10.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
  
Step 2 : Measure the length of vector . Locate 
point Q' by marking off this distance along the line 
through vertex Q, starting at Q and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points R', S', and 
T'. Then connect vertices Q', R', S', and T' to form 
the translated image. 

 

ANSWER:  

 

11.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 
vector . 
 
Step 2 : Measure the length of vector . Locate 
point X ' by marking off this distance along the line 
through vertex X , starting at X  and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points Y' and Z'. 
Then connect vertices X ', Y', and Z' to form the 
translated image. 

 

ANSWER:  

 

12.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point D' by marking off this distance along the line 
through vertex D, starting at D and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points F', G' and 
H'. Then connect vertices D', F', G' and H' to form 
the translated image. 

 

ANSWER:  

 

13.   

SOLUTION:  
Step 1: Draw a line through each vertex parallel to 

vector . 
 

Step 2 : Measure the length of vector . Locate 
point V' by marking off this distance along the line 
through vertex V, starting at V and in the same 
direction as the vector. 
 
Step 3: Repeat Step 2 to locate points W', X ', Y' 
and Z'. Then connect vertices V', W', X ', Y' and Z' 
to form the translated image. 

 

ANSWER:  

 

Graph each figure and its image along the given
vector. 

14.  with vertices A(1, 6), B(3, 2), and C(4, 

7);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are A’(1 + 4, 6 – 1), B’(3 + 4, 2 – 1), and 
C’(4 + 4, 7 – 1). 

 

ANSWER:  

 

15.  with vertices M (4, –5), N(5, –8), and P(8, –
6);  

SOLUTION:  
The coordinates of the vertices of the translated 
triangle are M ’(4 – 2, –5 + 5), N’(5 – 2, –8 + 5), and 
P’(8 – , –6 + 5). 

 

ANSWER:  

 

16. rectangle QRST with vertices Q(–8, 4), R(–8, 2), S(–
3, 2), and T(–3, 4);  

SOLUTION:  
The coordinates of the vertices of the translated 
rectangle are Q’(–8 + 2, 4 + 3), R’(–8 + 2, 2 + 3), 
S’(–3 + 2, 2 + 3), and T’(–3 + 2, 4 + 3). 

 

ANSWER:  

 

17. quadrilateral FGHJ with vertices F(–4, –2), G(–1, –
1), H(0, –4), and J(–3, –6);  

SOLUTION:  
The coordinates of the vertices of the translated 
quadrilateral are F’(–4 – 5, –2 – 2), G’(–1 – 5, –1 – 
2), H’(0 – 5, –4 – 2), and J’(–3 – 5, –6 – 2). 

 

ANSWER:  

 

18.  with vertices W(–3, –1), X(1, –1), Y(2, –4), 

and Z(–2, –4);  

SOLUTION:  
The coordinates of the vertices of the translated 
parallelogram are W’(–3 – 3, –1 + 4), X’(1 – 3, –1 + 
4), Y’(2 – 3, –4 + 4), and Z’(–2 – 3, –4 + 4). 

 

ANSWER:  

 

19. trapezoid JKLM with vertices J(–4, –2), K(–1, –2), L

(0, –5), and M (–5, –5);  

SOLUTION:  
The coordinates of the vertices of the translated 
trapezoid are J’(–4 + 6, –2 + 5), K’(–1 + 6, –2 + 5), 
L’(0 + 6, –5 + 5), and M ’(–5 + 6, –5 + 5). 

 

ANSWER:  

 

20. PROBLEM SOLVING Brittany’s neighborhood is 
shown on the grid at the right. 

 
a. If she leaves home and travels 4 blocks north and 
3 blocks east, what is her new location? 
b. Use words to describe two possible translations 
that will take Brittany home from school. 

SOLUTION:  
a. Since the north side is marked upwards, travelling 
4 blocks north and 3 blocks east means moving 4 
blocks up and 3 blocks right. The point 4 blocks up 
and 3 blocks right to the home is the library. 
Therefore, her new location will be the library. 
b. The resultant vector must be . Any 
combination of vectors that form this resultant vector
will be satisfactory. 
  
 She can go west 5 blocks and then south 1 block, or 
she can go south 1 block and then west 5 blocks to 
reach the school. 

ANSWER:  
a. Library 
b. Sample answer: She can go west 5 blocks and 
then south 1 block, or she can go south 1 block and 
then west 5 blocks. 

21. FOOTBALL A wide receiver starts from his 15-
yard line on the right hash mark and runs a route that
takes him 12 yards to the left and down field for a 
gain of 17 yards. Write a translation vector to 
describe the receiver’s route. 

 

SOLUTION:  
The receiver starts on the right hash of the 15-yard 
line and moves 12 yards left and then 17 yards down 
field, or upwards as shown in the diagram.  

 
So, a translation vector that represents the receiver's 

route would be    

ANSWER:  
 

22. MULTI-STEP Each type of chess piece has a rule
for how it can be moved. A knight can move two 
squares horizontally and then one square vertically, 
or two squares vertically and one square 
horizontally. The bishop can only move diagonally. 
When a chess piece moves to a space that is 
occupied by an opponent’s piece, it is attacking that
piece. 

                            
a. What is the maximum number of knights that 
could be placed on an 8 by 8 chessboard so that 
none of the pieces can attack each other? What is 
the maximum number of bishops?  
b. Explain your solution process.  

SOLUTION:  
a-b.  I began by analyzing the movements of a single
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. Therefore,  is the 
maximum number of knight on an 8 by 8 
chessboard so that none can attack each other.  
      The bishops can move diagonally in any 
direction. I began by filling the entire first row of the 
chessboard with bishops. I crossed off all of the 
squares that could no longer be occupied by 
another bishop. From the remaining spaces 
available, you can fit the most bishops along the last 
row. Because the first and last square on the row 
can be attacked by a bishop on the opposite side of
the board, there are only 6 spaces available. So, 14
bishops can occupy a chessboard without being 
able to attack one another. 

 

ANSWER:  
a.  32; 14 
b. I began by analyzing the movements of a single 
knight. I observed that if a knight began on a black 
square, it would always move to a white square, 
and vice versa. Thus, if I place a knight on every 
white square or every black square, it could never 
attack another piece. The bishops can move 
diagonally in any direction. I began by filling the 
entire first row of the chessboard with bishops. I 
crossed off all of the squares that could no longer 
be occupied by another bishop. From the remaining
spaces available, you can fit the most bishops along 
the last row. Because the first and last square on the
row can be attacked by a bishop on the opposite 
side of the board, there are only 6 spaces available. 
So, 14 bishops can occupy a chessboard without 
being able to attack one another. 

Write each translation vector that maps the 
blue preimage to the green image. 

23.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue triangle is at (–2, 4). The top vertex of the green
triangle is at (1, –1), Subtract the coordinates. 
  
1 – (–2) = 3 
–1 – 4 = –5 
  
The triangle has been translated 3 units right and 5 

units down. So, the translation vector is  

ANSWER:  
 

24.   

SOLUTION:  
Use one point as a test point. The top vertex of the 
blue pentagon is at (2, 0). The top vertex of the green
pentagon is at (–4, 4), Subtract the coordinates. 
  
–4 – (2) = –6 
4 – 0 = 4 
  
The pentagon has been translated 6 units left and 4 

units up. So, the translation vector is  

ANSWER:  
 

25. CONCERTS Dexter’s family buys tickets every 
year for a concert. Last year they were in seats C3, 
C4, C5, and C6. This year, they will be in seats D16, 
D17, D18, and D19. Write a translation in words and 
using vector notation that can be used to describe the
change in their seating. 

 

SOLUTION:  
Pick a seat from the new row and compare it to the 
corresponding seat in the previous row. The seat 
D16 is 13 seats right and 1 row back to C3. 
Therefore, the translation vector can be represented 

as  

ANSWER:  
They move to the right 13 seats and back one row; 

 

SENSE-MAKING Graph the translation of each
function along the given vector. Then write the 
equation of the translated image. 

26.   

 

SOLUTION:  

The translation of translates each point of 

 4 units right and 1 unit up. Thus,  the vertex 
of (0, 0) will translate to (4, 1). (1, 1) translates to (5, 
2) and (–1, 1) translates to (3, 2), etc. 
  

 
The equation for the translated function is y  = (x – 4)
2
 + 1. 

ANSWER:  

 
y = (x – 4)

2
 + 1 

27.   

 

SOLUTION:  

The translation of    translates each point of 

 2 units left. Thus,  the intercept of (0, 0) 
will translate to (–2, 0). (1, –1) translates to (–1, –1) 
and (–1, 1) translates to (–3, 1), etc. 
  

 
The equation of the translated function is y  = –(x + 

2)
3. 

ANSWER:  

 
y = –(x + 2)

3 

28. ROLLER COASTERS The length of the roller 
coaster track from the top of a hill to the bottom of 
the hill is 125 feet at a 53° angle with the vertical. If 
the position at the top of the hill is (x, y), use function 
notation to describe the translation to the bottom of 
the hill. Round to the nearest foot. 

SOLUTION:  
We have a triangle as shown. 

 
Use trigonometric ratios to find the vertical and 
horizontal changes of the coordinates of points from 
A to B. 
  

 

  
The vertex B is 75 ft down and 100 ft left to A. 
Therefore, the translation is (x, y) → (x – 75, y  – 
100). 

ANSWER:  
(x, y) → (x + 75, y  – 100) 

29. MULTIPLE REPRESENTATIONS In this 
problem, you will investigate reflections over a pair of
parallel lines. 

 
a. GEOMETRIC On patty paper, draw and 
a pair of vertical lines  l and m. Reflect in line l  by 
folding the patty paper. Then reflect, , in line 

m. Label the final image . 

b. GEOMETRIC Repeat the process in part a for 

reflected in vertical lines n and p  and 

 reflected in vertical lines q and r. 
c. TABULAR Copy and complete the table below. 

 
d. VERBAL Describe the result of two reflections 
in two vertical lines using one transformation. 

SOLUTION:  
a. 
Step 1: Draw ABC and line l and line m.  
Step 2: Fold the paper on line l.  Sketch the figure 
A'B'C'. 
Step 3: Fold the paper on line m.  Sketch the figure 
A''B''C''. 

 
  
b. 
Draw another triangle DEF and line n and line p  . 
Reflect twice following the steps in part a.  

 
  
Draw another triangle JKL and line q and line r . 
Reflect twice following the steps in part a.  
  

 
  
c. 

   
  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

ANSWER:  
a. 

 
b. 

 

 

c.  
d. Sample answer: the composition of two reflections
in vertical lines can be described by a horizontal 
translation that is twice the distance between the two
vertical lines. 

30. REASONING Determine a rule to find the final 
image of a point that is translated along 

and then . 

SOLUTION:  

Translating along  and then along   is 

same as translating along . Therefore, 

the translation vector is  

ANSWER:  
 

31. CHALLENGE A line y  = mx + b is translated using

the vector . Write the equation of the translated

line. What is the value of the y-intercept? 

SOLUTION:  

The vector  maps the point (x, y) → (x + a, y  +

b).  
  
Step 1: Identify two points on the line y  = mx + b. 

When x = 0, y  = b. When y  = 0, x = . So two 

points on the line y  = mx + b are (0, b) and ( , 
0).  
  
Step 2: Find the location of these points under the 
vector translation .  

(0, b) → (0 + a, b + b) → (a, 2b) 
  

( , 0) → (  + a, 0 + b) → (  + a, b) 
  
Step 3: Use these points to determine the equation 
of the translated line.  
  

 
  
Since the line is translated with its orientation 
unchanged we would expect the slope of the line to 
remain unchanged. Substituting the point (a, 2b) into
the equation  we will find   , the y -
intercept of the translated line.  

 
  
Note that if we had used the second point on the 
translated line, we would have arrived at the same 
value for the new y -intercept. 

 
  
Substituting the value of the new y -intercept into the
equation, we arrive at the equation for the translated
line.  

 
Combine like terms.  

 

ANSWER:  

y = m(x – a) + 2b; 2b – ma 

32. OPEN-ENDED Draw a figure on the coordinate 
plane so that the figure has the same orientation after
it is reflected in the line y  = 1. Explain what must be 
true in order for this to occur. 

SOLUTION:  
Draw figure ABCD with vertices at  A(–4, 8), B (4, 
8), C (4, 4), and D(–, 4). Draw the line y  = 1. 

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

 
In order for the figures ABCD and A'B'C'D' to be the
same, they must match up when you fold the grid in 
half horizontally at the y = 1 line. 

ANSWER:  

 
Sample answer: in order for the figure to be the 
same, it must match up when you fold it in half 
horizontally at the y  = 1 line. 

33. WRITING IN MATH Compare and contrast 
function notation and vector notation for translations. 

SOLUTION:  
Both vector notation and function notation describe 
the distance a figure is translated in the horizontal 
and vertical directions. Vector notation only 
describes the movement. It does not determine the 
beginning and ending locations. Function notation 
does both. It will give the initial point, the distance of 
the horizontal and vertical translation, and the ending 
point. For example, the translation a units to the right 
and b units up from the point (x, y) would be written 

 in vector notation and (x, y) → (x + a, y  + b) 

in function notation. 

ANSWER:  
Sample answer: Both vector notation and function 
notation describe the distance a figure is translated in
the horizontal and vertical directions. Vector notation 
does not give a rule in terms of initial location, but 
function notation does. For example, the translation a 
units to the right and b units up from the point (x, y) 

would be written  in vector notation and (x, y) 

→ (x + a, y  + b) in function notation. 

34. WRITING IN MATH Recall from Lesson 3-1 that
an invariant point maps onto itself. Can invariant 
points occur with translations? Explain why or why 
not. 

SOLUTION:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

ANSWER:  
Sample answer: No; since an image must move in 
order for a translation to have taken place, and the 
orientation of the figure must remain the same, no 
point can be invariant in a translation. If any of the 
points remain invariant, the resulting figure is the 
original figure. 

35. On a grid triangle PQR has vertices P(2, 1), Q(3, –
1), and R(–1, –2) as shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). Find the coordinates of the vertices of triangle 
P'Q'R'. 
  
P' =  
Q' =  
R' =  
  
b. Which point lies in the interior of triangle P'Q'R'? 
A (0, –1) 
B (2, –4) 
C (–2, –4) 
D (–2, 2) 

SOLUTION:  
PQR has vertices P(2, 1), Q(3, –1), and R(–1, –2) as
shown.   

 
a. Triangle PQR is translated along (x, y) → (x – 2, y
+ 3). So the coordinates of the vertices of triangle 
P'Q'R' can be found by subtracting 2 from each x-
coordinate and adding 3 to each y-coordinate. 
  
P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. To find which point lies in the interior of triangle 
P'Q'R', either plot the image triangle on the 
coordinate plane and check, or notice that all of the 
image triangle is in quadrants I and II, and only 
answer choice D (–2, 2) is in either of those 
quadrants. 
  

ANSWER:  
a. P' = (0, 4) 
Q' = (1, 2) 
R' = (–3, 1) 
  
b. D 

36. Which of the following is the image of the line 
 under the translation (x, y) → (
)?  

A  
B  
C  
D  

SOLUTION:  
The translation of   can be 
thought of graphically, as a translation of the line 

 one unit to the left and one unit up. This 
would result in the translation graph seen below. The 
resulting line would be  . The correct 
choice is C. 

 

ANSWER:  
C 

37. Which of the following vectors will translate a point 
with the coordinates (3, –5) up and to the left on a 
coordinate plane? 
  
A  
B  
C  
D  

SOLUTION:  
The coordinates of the point do not matter, if a 
translation vector is to move a point up and to the 

left, the vector must be of the form , where a is
negative and b is positive. 
  
The correct answer is choice C. 

ANSWER:  
C 

38. Given a triangle with vertices A(–7, –1), B(–2, –3) 
and C(2, 4), which of the following represents the 
coordinates of the vertices of the image after a 
translation of the triangle 5 units right and 3 units up? 
  
A A(–4, 4), B(1, 2) and C(5, 9) 
B A(–2, 2), B(3, 0) and C(7, 7) 
C A(–12, 2), B(–7, 0) and C(–3, 7) 
D A(–2, –4), B(3, –6) and C(7, 1) 

SOLUTION:  
To translate A(–7, –1), B(–2, –3) and C(2, 4) five 
units right and three units up, add 5 to each x-
coordinate and add 3 to each y-coordinate.  
  
A(–7, –1), B(–2, –3), C(2, 4) → A(–7 + 5, –1 + 3), B
(–2 + 5, –3 + 3), C(2 + 5, 4 + 3)  
which is equivalent to  A(–2, 2), B(3, 0), C(7, 7).  

ANSWER:  
B 

39. Which of the following statements is true for both the
translation  and the translation 

?  
A   A point and its image have the same y-
coordinate. 
B   Points on the x-axis are mapped to other points 
on the x-axis. 
C   The translation vector is . 
D    A point in Quadrant I is mapped to another point
in Quadrant I. 

SOLUTION:  
Option A cannot be true, as the 
translation   would translate 
each y-coordinate up 2 units.  
Option B cannot be true, as the translation 

 would translate the point (2,0) 
to (2,2), a point no longer on the x-axis.  
Option C cannot be true, as the translation vertex 
for   would be , not . 
Option D is the correct choice as any point with 
positive x and y  coordinates will remain positive with 
either translation. Therefore they will remain in 
Quadrant I. 

ANSWER:  
D 

40. What is the distance between any point and its image
under the translation ? 
Round to the nearest tenth. 

SOLUTION:  
The distance between any point and its image are the
same, under the same translation. Therefore, choose 
any point, find its image under the 
translation  , and then use 
the Distance Formula to find the distance between 
these two points.  
  
Example: The image of point  would be 

.  

 
      

ANSWER:  
7.2 

41. Under which of the following translations does the 
image of rectangle JKLM not overlap rectangle 
JKLM? 

               
A     
B    
C    
D     
E     

SOLUTION:  
For JKLM to not overlap its image, the translation of 
the x-coordinates would have to be either more than 
3 or less than negative 3, since the length of the 
rectangle is 3 units. The only choice for which this is 
true is D.  

ANSWER:  
D 
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