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LESSON 1.1

Translations
CAREER PREPARATION: Essential Geometry Skills
Did you know?
Aerospace engineers use computer-aided
design (CAD) for designing spacecraft. They use
transformations such as translations in examining
components.

Consider this situation…
An aerospace engineer examines the simple design of
the bottom of a rocket that has three nozzles labeled
A, B, and C. In the diagram, the design of Nozzle A is
transformed into the designs of Nozzle B and Nozzle C.
Judging by appearance, is Nozzle B a translation of
Nozzle A? Is Nozzle C? Explain.

?

Photo credit: SpeedKingz/Shutterstock.com

A

?

B

C

A

B

C

A translation is transformation that
would allow you to slide one image
onto another without rotating,
reflecting, or changing the size.

Let’s find out… how you can use translations to solve this problem on your own in the Career
Preparation Exercises.
Lesson Objective
In this lesson, you will describe the effect of translations on figures.
• You will identify a translation.
• You will find the coordinates of a translated figure.
• You will describe a translation in the coordinate plane.
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Geometry Essentials
A transformation is a function that changes the position, shape, or size of a figure. The
original figure is called the preimage. The resulting figure after a transformation is called
the image. Suppose ∆ABC is transformed to create an image. You can express this as
∆ABC ã ∆A′B′C′ as shown.
Use arrows to show
transformations.

Preimage:
Original figure

∆ABC ã ∆A′B′C′

A translation is a transformation where every
point in a figure is moved the same distance
and in the same direction to create its image.
In the figure shown, ∆ABC ã ∆A′B′C′.

Image: Use prime
(′) notation to label
image points of the
transformed figure.

A
C
B

A′
C′
B′

If ∆ABC ã ∆A′B′C′ from a translation, the following must be true.
• Corresponding side lengths are equal, so AB = A′B′, AC = A′C′, and BC = B′C′.
A
C
B

A′
C′
B′

• Distances between corresponding points are the same, so AA′ = BB′ = CC′.
A
C
B

A′
C′
B′

• Figure ABC is translated in the same direction, angle measures are preserved.
So, m∠A = m∠A′, m∠B = m∠B′, m∠C = m∠C′.
A
C
B

A′
C′
B′

2
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Identifying Translations
Example 1

Identifying Translations

In the figure shown, Kateri draws ABCD to represent
a sight glass window of a rocket. She then sketches
A′B′C′D′ to represent a translation of the window to
another part of the rocket. What must be true for her
diagram to be correct?

A

B

C

D

Solution
For ABCD ã A′B′C′D′ from a translation,
the following must be true.

A′

B′

D′

C′

Corresponding sides:
AB = A′B′, BC = B′C′, CD = C′D′, and A′D′ = A′D′
Corresponding vertices:
AA′ = B′B′ = CC′ = DD′
Direction:
AA′, B′B′, CC′, and DD′ all move in the same direction.
Check
Check lengths by using a ruler to measure. One way to check direction is by using a protractor
to measure angles relative to a horizontal line. The angle measures should all be the same.

Example 2

Analyzing a Transformation

Does ∆ X′Y′Z′ appear to be the image of ∆XYZ after a translation? Explain.
X

7 in.
5 in.

Y
Z

3 in.

Y′
3 in.

7 in.
Z′

X′

5 in.

Solution
The corresponding sides of the original figure and its image have equal length because
XY = X′Y′ = 7 in., YZ = Y′Z′ = 5 in., and XZ = X′Z′ = 3 in.
However, judging by appearance, XX′ ≠ YY′ ≠ ZZ′.
Therefore, ∆X′Y′Z′ is not a translation of ∆XYZ.
Check
Use a ruler to check the distances between corresponding points.

Copyright © 2021 NS4ed™ Pathway2Careers™ | All rights reserved.
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Build Your Skills: Try Identifying Translations
Use the figures shown.

Did you know?
Civil engineers use translations of figures
in computer-aided drawings of buildings,
bridges, and transportation systems.

Figure B

Figure C

Figure A

Figure E
Figure D

1. Identify the figures that appear to be
translations of Figure A. Explain.
2. Identify the figures that do not appear to
be translations of Figure A. Explain.

Geometry Essentials
Translations in the Coordinate Plane
When you graph a translation of a figure in the coordinate plane, you perform the same
change of each point left or right, up or down. The diagram shows a translation of a
triangle 3 units right and 2 units up.
Image

2 units up
Photo credit: Syda Productions/Shutterstock.com

3 units right
Preimage

You can also describe translations algebraically. The general form of a translation rule is
(x, y) ã (x + a, y + b), where a represents the distance to the left or right and b represents
the distance up or down. So, the translation above is given as (x, y) ã (x + 3, y + 2).

4
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Descriptions and Rules
Description

Result

Rule

Right a units

Add a to the x-coordinate.

(x, y) ã (x + a, y)

Left a units

Subtract a from the x-coordinate.

(x, y) ã (x − a, y)

Up b units

Add b to the y-coordinate.

(x, y) ã (x, y + b)

Down b units

Subtract b from the y-coordinate.

(x, y) ã (x, y − b)

Finding the Coordinates of a Translated Figure
Example 3

Graphing Translations by a Verbal Description

Triangle ABC has vertices A(-3, 3), B(-4, -2), and C(2, -2). Graph ∆ABC and its image after a
translation 3 units right and 2 units down.
Solution
Step 1: Graph ∆ABC.

y

Step 2: Determine the vertices of ∆A′B′C′ 3 units
right and 2 units down from ∆ABC.

4

A

2

A(−3, 3) ã A′(−3 + 3, 3 − 2)
ã A′(0, 1)
B(−4, −2) ã B′(−4 + 3, −2 − 2)

x
–4

–2

0

2

–2

B

4
C

–4

ã B′(−1, −4)
C(2, −2) ã C′(2 + 3, −2 − 2)
ã C′(5, −4)
Photo credit: Syda Productions/Shutterstock.com

The coordinates of ∆A′B′C′ are A′(0, 1),
B′(−1, −4), and C′(5, −4).

y
4

A

Step 3: Graph ∆A′B′C′.

2
–4

–2

–2

B
B′

Copyright © 2021 NS4ed™ Pathway2Careers™ | All rights reserved.
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2

4
C
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Example 4

Describing Translations Algebraically

In the coordinate plane shown, ∆D′E′F′ is the image
of ∆DEF after a translation. What is an algebraic rule
that represents the translation?

y
E
D

Solution
Determine a and b from the graph. Then substitute using
the rule (x, y) ã (x + a, y + b).

4
2

E′
D′
x

–4

–2

0

2

4

–2

(x, y) ã (x + a, y + b)

General translation rule

a = 5 and b = 0

5 units right and 0 units vertically

(x, y) ã (x + 5, y + 0)

Substitute.

(x, y) ã (x + 5, y)

Simplify.

F

–4

F′

The translation rule is (x, y) ã (x + 5, y).

Example 5

Graphing Translations Given a Coordinate Rule

Figure HJKL has vertices H(2, 2), J(4, 5), K(6, 5), and L(4, 2). Graph HJKL and its image after a
translation using the rule (x, y) ã (x - 4, y + 2).
Solution
Step 1: Determine the coordinates of H′J ′K′L′.
Preimage
(x, y)

Rule
(x, y) ã (x - 4, y + 2)

Image
(x - 4, y + 2)

H(2, 2)

(2, 2) ã (2 − 4, 2 + 2)

H′(−2, 4)

J(4, 5)

(4, 5) ã (4 − 4, 5 + 2)

J′(0, 7)

K(6, 5)

(6, 5) ã (6 − 4, 5 + 2)

K′(2, 7)

L(4, 2)

(4, 2) ã (4 − 4, 2 + 2)

L′(0, 4)

Step 2: Graph HJKL and H′J ′K′L′.
y
K′

6
H′

4
2

–2

0

6
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J′

K

L′
H
2

L
4

x
6

Chapter 1 Transformational Geometry

15/07/21 4:56 PM

Build Your Skills: Try Finding the Coordinates of a Translated Figure
Triangle XYZ has coordinates X(- , ),
Y 2, ) and Z 2, - ).

Did you know?
Aerospace technicians use translations
to plan on how to assemble rocket
engines, rocket engine turbomachinery,
and space vehicles.

. Graph ∆XYZ and its image after a
translation 5 units left and 3 units up.
. What is the translation rule described in
Exercise 3?
. Graph ∆XYZ and its image after a
translation using the rule
(x, y) ã (x − 2, y − 1).

Career Preparation: Practice
se the figures shown. Figure A is the original figure.
A

. Which figure(s) appear to be translations of Figure A. Explain.
2. Which figure(s) do not appear to be translations of Figure A.
Explain.

B

C

D

Triangle EFG has ertices E , - ), F , 2), and G(-2, 2). Graph ∆EFG
and its image after each translation.
. 2 units left, 5 units down

. 3 units right, 4 units up

Photo credit: MikeDotta/Shutterstock.com

Triangle A′B′C′ is the image of ∆ABC after a translation. Write an algebraic rule that
represents each translation.
.

.

y
A′

6

6

A
A′

4

B′

2
0

y

B
2

4

C
6

8

–2

Copyright © 2021 NS4ed™ Pathway2Careers™ | All rights reserved.
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2

C′
x

B′

A

0

B
C′
2

4

C
6

x
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7. Figure MNPQ has vertices M(−2, −2), N(−4, −5), P(−6, −5), and Q(−4, −2). Graph MNPQ and
its image after a translation using the rule (x, y) ã (x + 4, y + 4).
8. Writing Triangle L′M′N′ is the image of ∆LMN after a translation. Describe the relationship
between the corresponding sides and vertices of the original figure and its image.
9. Error Analysis In the coordinate plane, Jacy says that
the translation rule that translates VWXY to V′W′X′Y′ is
(x, y) ã (x, y + 4). What error did he make?

W y
V

–4

Y
–2
V′

Y′

Use It On the Job

X

2
0
–2

W′

x
2

4
X′

–4

10. An aerospace engineer examines the simple design of the bottom of a rocket that has
three nozzles labeled A, B, and C. In the diagram, the design of Nozzle A is transformed
into the designs of Nozzle B and Nozzle C. Judging by appearance, is Nozzle B a
translation of Nozzle A? Is Nozzle C? Explain.

A

B

C

11. The aerospace engineer draws a diagram showing a planned flight test of a rocket that will
eventually be used to travel to Mars. The rocket will launch and land as shown.

Launch
pad

Launch position

Land position

When the rocket lands, does it appear to be a translation of the rocket before launch? Does
the launch pad affect your answer? Explain.

8
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Career Preparation: Check
1. In the coordinate plane, what is the
description of the translation of ∆ABC?
A

4

y

2. Identify the transformations that appear
to be translations. Select all that apply.
a.

B

2
–4

–2
A′

Preimage
C
2
B′

0
–2
–4

d.

x
4

b.

Preimage

Image

c.

A. 2 units left and 5 units down

Image

e.
Preimage

C′

Preimage

Image

Image

f.
Preimage

Image

Preimage

B. 2 units right and 5 units up

Image

C. 5 units right and 2 units down
D. 2 units left and 5 units up
3. If a figure is translated 2 units
down only, the translation rule is
(x, y) ã

.

A. (x − 2, y)

C. (x + 2, y)

B. (x, y + 2)

D. (x, y − 2)

4. A mailbox is placed on a sidewalk.
A duplicate mailbox is then placed
3 blocks west and four blocks south
of the first mailbox. How would you
describe this translation in terms of the
number of blocks?
A. left 4, down

C. right 4, up 3

B. left 3, down 4

D. right 3, up 4

5. In the coordinate plane, what are the coordinates of the
image of ∆HJK after a translation 1 unit right and 4 units up?

4

A. H′(7, 1); J′(7, –1); K′(4, –2)
B. H′(7, 1); J′(7, 0); K′(4, 2)
C. H′(4, 4); J′(4, 2); K′(1, 1)
D. H′(4, 4); J′(2, 4); K′(0, 1)

Copyright © 2021 NS4ed™ Pathway2Careers™ | All rights reserved.
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y

2
–4

–2

0

2

–2
–4

H

x
4

J
K
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6. Look at the red wedges labeled in the artwork. If Wedge A
is the original figure, which wedge(s) can be considered
images after a translation of Wedge A?

C

A. Wedges B and C

A

D

B

B. Wedge C only
C. Wedges B, C, and D
D. Wedges C and D
7. For each graph, ∆ABC ã ∆A′B′C′ after a translation. Match each graph with the correct rule.
(x, y) ã (x + 3, y - 2) (x, y) ã (x + 4, y + 1) (x, y) ã (x - 4, y - 1)
y

4

B′

2

B

x

0
–2
C′
–2

–4
C
A

B
A′
–6

–4

–2

❏

❏

❏

❏

❏

❏

❏

❏

2

y

2

x
0

–2

C

❏

2
B′

–4

C′

y
A

A′
–8

B′
–6 –4

–2

2
x
0
–2
Photo credit: Bloomicon/Shutterstock.com

C

B

C′

10
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Photo credit: LIUDMILA ERMOLENKO/Shutterstock.com; best pixels/Shutterstock.com; best pixels/Shutterstock.com

A

A′

8. WXYZ with vertices W(−2, −3), X(−2, 4), Y(3, 4), and Z(3, −3) is translated 2 units left and
3 units up. Complete the table to find the vertices of W′X′Y′Z′.
Preimage

Change
2 units left; 3 units up

Image

W(−2, −3)

(−2 − 2, −2 + 3)

W′(−4, 1)

Use It On the Job
9. A carpenter duplicates an existing window
(preimage) by constructing a new window
(image) four feet to the right. Which
translation rule represents this situation?
Preimage

10. An interior decorator is deciding the best
layout for picture frames above a desk.
Which frames could be considered the
preimage and image after a translation?

Image
1
3

4

Photo credit: Bloomicon/Shutterstock.com

Photo credit: LIUDMILA ERMOLENKO/Shutterstock.com; best pixels/Shutterstock.com

2

A. (x, y) ã (x, y + 4)

A. Frames 1 and 2

B. (x, y) ã (x + 4, y)

B. Frames 2 and 4

C. (x, y) ã (x + 4, y + 4)

C. Frames 1 and 3

D. (x, y) ã (x − 4, y)

D. Frames 1, 2, and 4

Copyright © 2021 NS4ed™ Pathway2Careers™ | All rights reserved.
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LESSON 1.1

Translations
CAREER PREPARATION: Essential Geometry Skills
Common Core State Standards
8.G.3 Describe the effect of dilations, translations, rotations, and reflections on two-dimensional
figures using coordinates.
Mathematical Practices 1, 6, 7

Lesson Objective
In this lesson, you will describe the effect of translations on figures.
• You will identify a translation.
• You will find the coordinates of a translated figure.
• You will describe a translation in the coordinate plane.

Career Connections
The skills taught in this lesson will be applied in the following career-focused lesson:
• Lesson 1.2, Apply Translations, which focuses on computer-numerically controlled tool
programmers.

Vocabulary
•
•
•
•

transformation
preimage
image
translation

Copyright © 2021 NS4ed™ Pathway2Careers™ | All rights reserved.
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Teaching Support
Geometry Essentials
Prerequisite Skill From previous coursework, students should know basic geometric
symbols and labeling of vertices. They should understand notation used between two
figures such as equal side length and equal angle measure. They should also be familiar
with using a protractor to measure angles.
Use Tools Students should be encouraged to draw figures using geometry software—
especially software that allows them to create transformations of figures.
Cooperative Learning Have students work in groups of two. One student can draw a
triangle using a straight edge and label the vertices. Using a ruler and protractor, the other
student can determine side lengths and angle measures before sketching an image of the
triangle. For each triangle, have them discuss how they should mark the corresponding
sides and angles and how they should label the vertices of the image.
Language Support Some students might get confused with the term preimage with
the term image. Emphasize that pre- means before, so it is the image before the
transformation. You can also refer to the preimage as the “original figure.”

Identifying Translations
Language Support Students can think of translating a figure as sliding or moving it from one
spot to another.

Example 1

Identifying Translations

Teaching Strategy Have students redraw each figure separately side by side. Then identify the
corresponding sides and vertices before listing the translation criteria.

Example 2

Analyzing a Transformation

Avoid Common Errors For a figure and its image, angles and side lengths might look the same.
Students must verify that all corresponding side lengths and angle measures are equal, and
that direction has been preserved.

Build Your Skills: Try Identifying Translations
Answers
1. Figures D and E; When you compare each figure with Figure A, the corresponding sides
appear to have equal length, the length between corresponding vertices appear to be the
same, and all points move in the same direction, which preserves angle measures.
2. Figure B and Figure C; Figure B appears to be larger, so the side lengths do not have equal
length. The distances between the corresponding vertices of Figure A and Figure C are not
the same.
2
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Geometry Essentials
Prerequisite Skill In previous coursework, students drew polygons in the coordinate plane
given the coordinates of the vertices.
Multiple Representation Without showing exact coordinates, show students different
examples of moving a figure in a coordinate plane and ask how the movement would
affect x- and y-values of the vertices.

Finding the Coordinates of a Translated Figure
Alternative Method Students can make a left-right-up-down table as shown. Have them
memorize the table first before writing down the coordinates of each image or using algebraic
rules of translations.
Change

Coordinates

Positive Direction

Negative Direction

Horizontal

x-values (a)

Right
x+a

Left
x-a

Vertical

y-values (b)

Up
y+b

Down
y-b

Example 4

Graphing Translations by a Verbal Description

Teaching Strategy Have students evaluate expressions x + a, x - a, y + b, and y - b for different
values first before actually finding the coordinates of images.
Prerequisite Skill Challenge students to use what they know about adding and subtracting
integers to verify that the image is correct.

Build Your Skills: Try Finding the Coordinates of a Translated Figure
Answers
3. X′

Y′

6
4

X

5.

y

X′

–4

0
–2
Z′ –2
–4

Y′
x

–6
x

–6

2

Y

Y

2
–8

y

X

2

–4

–2

0

2

–2
–4

Z
Z′

Z

4. (x, y) ã (x - 5, y + 1)

Copyright © 2021 NS4ed™ Pathway2Careers™ | All rights reserved.
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Career Preparation: Practice
Check Understanding Have students draw a simple figure. Then have them draw a figure that
is a lateral translation of the figure (slides both horizontally and vertically). Have them describe
algebraically and verbally what criteria was met so the transformation is a translation.
Answers
1. Figures C and D; When comparing either figure with Figure A, the corresponding sides
have the same length, the distances between corresponding vertices are the same, and all
points of both images move in the same direction so angle measures are preserved.
2. Figure B; the corresponding sides have the same length, but the distances between
corresponding vertices are not the same.
3.

G

y

2

4.

F

6

x
–4

–2

0

2

–2

G′

G
E

–4
–6

0

2

4

E′
6

x

E
E′

5. (x, y) ã (x + 3, y + 1)
2
–6

–2

F

2

–2

–8

7.

F′

4

4

F′

y G′

y
Q′

0
–2
P′
N′
–2
Q
M

–4

6. (x, y) ã (x - 4, y - 1)
M′
x
2

–4
P

N

–6

8. The corresponding sides have the same length. Also, the lengths between corresponding
vertices are the same, and each point of the image moves in the same direction, so angle
measures are preserved.
9. He switched the direction of the reflection between VWXY and V′W′X′Y′.
10. no; yes; The corresponding sides of Nozzle B are longer. When the sides do not have the
same length, there is no translation. The corresponding sides of Nozzle C appear to have
the same length, the distances between corresponding vertices appear to be the same,
and all parts of the Nozzle A appear to move in the same direction so angle measures
are preserved.
11. yes; The rocket maintains the same size, and the distance between corresponding parts
remains the same regardless of the height of the launch pad. Also, each part of the rocket
moves in the same direction so angle measures are preserved.

4
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Career Preparation: Check
Test-Taking Tip If students have trouble determining the vertices of an image algebraically,
they can use a graph to visualize the translation first. For example, in Exercise 7, they can graph
WXYZ and determine the vertices of the image by counting the appropriate units on the graph
and labeling the vertices, and then complete the table.
Answers
1. A
4. B
7.

2. c, d

3. D

5. C

6. B

(x, y) ã (x + 3, y - 2) (x, y) ã (x + 4, y + 1) (x, y) ã (x - 4, y - 1)
y

4
A

A′
B′

2

B

x

0
–2
C′
–2

–4
C
A

B
A′
–6

–4

–2

✘

❏

✘

❏

❏

❏

❏

✘

2

y

2

x
0

–2

C

❏

2
B′

–4

C′

y
A

A′
–8

B′
–6 –4
C

B
–2

2
x
0
–2

C′
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8.

Preimage

Change
2 units left; 3 units up

Image

W(-2, -3)

(-2 - 2, -2 + 3)

W′(-4, 1)

X(-2, 4)

(-2 - 2, 4 + 3)

X′(–4, 7)

Y(3, 4)

(3 - 2, 4 + 3)

Y′(1, 7)

Z(3, -3)

(3 - 2, -3 + 3)

Z′(1, 0)

9. B
10. C

6
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LESSON 1.2

Apply Translations
CAREER SPOTLIGHT: Computer Numerically Controlled
Tool Programmers
Occupation Description
Consumer products are made with many metal and plastic
parts that are produced by machines operated by machine
workers. These workers are separated into two groups: those
who set up machines for operation and those who operate
machines during production. Many workers perform both tasks.
Computer numerically controlled machine tool programmers,
or CNC programmers, develop computer programs to
control the machining or processing of metal or plastic parts
by automatic machine tools, equipment, or systems.

Education
Many CNC programmers usually need to complete
coursework beyond high school. Some community colleges
and other schools offer courses and certificate programs in
CNC programming.

Potential Employers

Photo credit: SasinTipchai/Shutterstock.com

The largest employers of metal and plastic machine
workers are as follows:
Fabricated metal product manufacturing

26%

Plastics and rubber products manufacturing

16%

Transportation equipment manufacturing

14%

Primary metal manufacturing

12%

Machinery manufacturing

10%

Watch a Video about computer numerically controlled
machine tool programmers.
https://cdn.careeronestop.org/OccVids/OccupationVideos/514011.00.mp4
Copyright © 2021 NS4ed™ Pathway2Careers™ | All rights reserved.
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Career Cluster
Manufacturing
Career Pathway
Production
Career Outlook
Salary Projections:
• Low-End Salary, $37,730
Median Salary, $57,740
High-End Salary, $88,860
• Jobs in 2019: 25,700
• Job Projections for 2029:
31,300 (increase of 22%)
Geometry Concepts
• Apply translations in the
coordinate plane.
• Write translation rules.
Is this a good career for me?
Computer numerically controlled
machine tool programmers:
• Program equipment to
perform production tasks.
• Select production equipment
according to product
specifications.
• Determine production
equipment settings.
• Study blueprints or other
instructions to determine
equipment setup
requirements.
13
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Lesson Objective
In this lesson, you will look at how computer numerically controlled tool (CNC)
programmers could use translations in a coordinate plane in planning their work.
Translations in the Coordinate Plane
Recall that translations in the coordinate
plane can be described by using the rule
(x, y) → (x + a, y + b). The signs of
a and b are determined by the left/right
and up/down directions. The diagram shows
Figure A translated 6 units to the right and
5 units down, described by the rule
(x, y) → (x + 6, y − 5).

y
+6

6
4

A

–5

2
x
–6

–4

0

–2

–2

2
A′

4

6

–4
–6

1

Step Into the Career: Writing Translation Rules

Miguel is a CNC programmer. He is using a computer-aided design (CAD) program
to model a profile (shape) he wants to cut from a sheet of metal. This is shown on a
coordinate plane, which represents the sheet.
y
2
–4

–2

2

Photo credit: Aumm graphixphoto/Shutterstock.com

x
0

4

–2
ABC

ABC

Y
Z

X

Miguel can describe the path needed to cut from one vertex to another using a sequence
of translation rules to map one vertex to another. Describe the translation rules that Miguel
can use to cut the profile starting from the vertex (−2, 3) in a clockwise direction.

14
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Devise a Plan
Step 1: Identify the coordinates of each vertex.
Step 2: Write the rules to translate from one vertex to the next.

Walk Through the Solution
Step 1: Identify the coordinates of each vertex.

y

(–2, 3)

Start at (−2, 3). Going around clockwise, the next
vertices are (4, 3), (4, −3), (1, −2), and back to (−2, 3).

2
x
–4

Clockwise means to
move in the same
direction that hands
move around in a clock.

0

–2

7 6 5

2

4

–2

11 12 1
10
2
9
3
8

(4, 3)

4

(1, –2)

(4, –3)

Clockwise

Step 2: Write the rules to translate from one vertex to the next.
From (-2, 3) to (4, 3):
Vertex (4, 3) is 6 units directly to the right of (−2, 3), so the rule is (x, y) → (x + 6, y).
From (4, 3) to (4, -3):
Vertex (4, −3) is 6 units directly down from (4, 3), so the rule is (x, y) → (x, y − 6).
From (4, -3) to (1, -2):
Vertex (1, −2) is 3 units to the left of and 1 unit up from (4, −3), so the rule is
(x, y) → (x − 3, y + 1).
From (1, -2) to (-2, 3):
Vertex (−2, 3) is 3 units to the left of and 5 units up from (1, −2), so the rule is
(x, y) → (x − 3, y + 5).
So, the translation rules that describes the path to cut the profile are:
(x, y) → (x + 6, y), (x, y) → (x, y − 6), (x − 3, y + 1), and (x, y) → (x − 3, y + 5)

Photo credit: Aumm graphixphoto/Shutterstock.com

On the Job: Apply Writing Translation Rules
1. A CNC programmer is planning to cut
the profile that is shown. The coordinate
plane represents the sheet of plastic.

y
2

a. What are the coordinates of the vertices
in the coordinate plane?
b. What translation rules can the
programmer use to describe the cut
by mapping one vertex to another in a
clockwise direction?

x
–4

–2

0

2

4

–2
ABC

ABC

Y
Z

X

NS4ED_G8_0102A _SPEC07_SE
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2

Step Into the Career: Identifying Translations

Anissa is a CNC programmer setting up a profile to be
repeatedly cut from a sheet of plastic. The initial profile,
labeled Figure A, and the repeated profiles are modeled
in the coordinate plane shown. The coordinate plane
represents the sheet of plastic. Each repeated profile is
a translation of Figure A. Determine the translation rules
needed to map Figure A to the other figures.
y
B

4
C
2
x

–4

–2

0

2

4

–2
A

–4

D

Devise a Plan
Step 1: Determine a reference point in Figure A.
Since all points in the figure are mapped in the same direction and distance, you only
need to determine a single reference point to compare figures.
Step 2: Determine the coordinates of the corresponding reference points.
Step 3: Write the rules to translate from one vertex to the next.

Walk Through the Solution

Step 2: Determine the coordinates of the corresponding reference points.
The corresponding reference points are the points in the upper left corner of their
respective figures.
The coordinates of the corresponding point in Figure B are (−5, 5).
The coordinates of the corresponding point in Figure C are (1, 4).
The coordinates of the corresponding point in Figure D are (2, −3).
16
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Since the upper left corner of Figure A is on the intersection of grid lines. Use that point
as a reference point. The coordinates of that point are (−4, −2).
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Photo credit: wellphoto/Shutterstock.com

Step 1: Determine a reference point in Figure A.

Step 3: Write the rules to translate from one vertex to the next.
From Figure A to Figure B:
The point in Figure B is 1 unit to the left of and 7 units up from the point in Figure A,
so the translation rule is (x, y) → (x − 1, y + 7).
From Figure A to Figure C:
The point in Figure C is 5 units to the right of and 6 units up from the point in Figure A,
so the translation rule is (x, y) → (x + 5, y + 6).
From Figure A to Figure D:
The point in Figure D is 6 units to the right of and 1 unit down from the point in
Figure A, so the translation rule is (x, y) → (x + 6, y − 1).

On the Job: Apply Identifying Translations
2. Nita is a CNC programmer setting up a laser machine to
cut pieces from plywood. She models the pieces using
a CAD program. The plywood is represented by the
coordinate plane shown. All pieces are transformations of
the original Figure A, having the same size and shape, but
only some are translations of Figure A.
a. Which pieces are translations of Figure A? Which pieces
are not?
b. For pieces that are translations of Figure A, what are
the translation rules from Figure A?

y
4
A

B
C

2

–4

–2
D

0

x

E
2

4

–2
–4

F

Career Spotlight: Practice

Photo credit: sspopov/Shutterstock.com

Photo credit: wellphoto/Shutterstock.com

3. A CNC programmer is setting up a machine to cut a profile
with 4 vertices and 4 straight edges from a metal sheet.
The metal sheet can be modeled on a coordinate plane.
The machine is set up to start at point P and cut clockwise
to points Q, R, S, and then back to point P. The cuts can be
modeled by the following translation rules.
From point P to point Q: (x, y) → (x − 1, y − 5)
From point Q to point R: (x, y) → (x − 5, y)
From point R to point S: (x, y) → (x + 1, y + 3)
a. If the coordinates of point S are (−4, 3), what are the coordinates of point P?
b. What is the translation rule from point S to point P?
QUICK TIP
First plot the vertex at (−4, 3) on a coordinate plane. Then work backward to determine the
coordinates of the other vertices.
Copyright © 2021 NS4ed™ Pathway2Careers™ | All rights reserved.
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4. Roger is CNC programmer setting up a profile to be
stamped repeatedly out from a piece of plywood. The
repeated profiles are modeled in the coordinate plane
shown. The coordinate plane represents the piece of
plywood. Each figure can be described as a translation
of another figure.
a. What translation rule describes the translation from
Figure A to Figure C?
b. What translation rule describes the translation from
Figure B to Figure D?

y
4
D

A

2
x

–4

–2

0
–2

C

2

4

B

–4

c. What translation rule describes the translation from
Figure D to Figure A?
5. Laurie is a CNC programmer setting up a profile to be cut from a sheet of plastic. The initial
profile is modeled in the coordinate plane shown. The coordinate plane represents the
sheet of plastic. She plans to cut another figure with the same size and shape on the same
sheet using the translation rule (x, y) → (x + 4, y − 5) on the figure shown.
y
6
4
2
x
–6

–4

–2

0

2

4

6

–2
–4

Photo credit: socrates471/Shutterstock.com

Can she use the translation rule to cut another figure from the same sheet? Explain.

Devise a Plan
Step 1: Determine the vertices of the given figure.
Step 2:

?

Step 3:

?

Step 4:

?

18
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Photo credit: DmyTo/Shutterstock.com

–6

Career Spotlight: Check
6. A CNC programmer is setting up a machine to cut a profile with 4 vertices and 4 straight
edges from a metal sheet. The metal sheet can be modeled on a coordinate plane. The
machine is set up to start at point P and cut clockwise to points Q, R, S, and then back to
point P. The cuts can be modeled by the following translation rules.
From point P to point Q: (x, y) → (x + 7, y + 1)
From point Q to point R: (x, y) → (x − 1, y − 8)
From point R to point S: (x, y) → (x − 4, y)
Complete the table.
Point

Coordinates

P
Q

(3, 4)

R
S
7. Marissa is a CNC programmer with a profile in the
shape of a 5-sided polygon with vertices A, B, C, D,
and E. The shape is modeled on a coordinate plane.
The shape has one vertex at A(−10, −8). She plans
to cut the shape clockwise from (−10, −8), using the
following sequence of translation rules.
From point A to point B: (x, y) → (x + 1, y + 8)
From point B to point C: (x, y) → (x + 7, y + 2)
From point C to point D: (x, y) → (x + 3, y − 9)
From point E to point F: (x, y) → (x − 5, y − 3)
Photo credit: socrates471/Shutterstock.com

Photo credit: DmyTo/Shutterstock.com

From point F to point A: (x, y) → (x − 6, y + 2)
Select all coordinates that represent vertices of the figure.
a. (−3, −6)
b. (1, −7)
c. (−2, 2)
d. (0, −9)
e. (−7, 1)
f. (−4, −10)
Copyright © 2021 NS4ed™ Pathway2Careers™ | All rights reserved.
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8. A CNC programmer sets up a profile to cut
repeatedly from a piece of plywood. The
repeated profiles are modeled in the coordinate
plane shown. The coordinate plane represents
the piece of plywood. Each figure can be
described as a translation of another figure.

y
6
4

Match each mapping of figures with the
translation rule.

–6

C

2

A

x

–4

–2

0

2

4

6

–2
–4
D

(x, y) ã (x - 1, y - 7)

(x, y) ã (x - 7, y - 1)

B

–6

(x, y) ã (x - 1, y + 7)

From Figure B to Figure D
From Figure C to Figure B
From Figure D to Figure A
9. Marcus is a CNC programmer setting up profiles to be stamped out from a sheet of metal.
The coordinate plane and figures represent the sheet of metal and identical figures being
stamped out. Each figure can be described as a translation of another figure. The following
translation rules relate the figures.
From Figure A to Figure B: (x, y) → (x − 5, y + 6)
From Figure C to Figure A: (x, y) → (x + 7, y − 1)
From Figure A to Figure D: (x, y) → (x − 2, y + 3)
Fill in the blank in each figure by selecting the correct letter from the panel.
y

A
4

B

2

C
D

x
–4

–2

0

2

4

–2
–4
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LESSON 1.2

Apply Translations
Common Core State Standards
8.G.3 Describe the effect of dilations, translations, rotations, and reflections on two-dimensional
figures using coordinates.
Mathematical Practices 1, 5, 8

CAREER SPOTLIGHT: Computer Numerically Controlled Tool Programmers
Computer numerically controlled machine tool programmers create programs that control
the machines used to create metal and plastic parts. Knowledge of the basic principles of
geometric transformations is applied to optimize the machining process and to keep waste at
a minimum.
• Discuss computer numerically controlled machine tool programmers with students by
reading the Career Spotlight together.
• Find local colleges and trade schools with programs in computer numerically controlled
machine tool programming.
• Research local manufacturers to find out how they utilize computer numerically controlled
machine tool programmers to facilitate the manufacturing process.

Video: Computer Numerically Controlled Tool Programmers

Photo credit: SasinTipchai/Shutterstock.com

Have students watch this video, which describes the types of projects a computer numerically
controlled tool programmers might work on.
Lesson Objective
In this lesson, you will look at how computer numerically controlled tool (CNC)
programmers could use translations in a coordinate plane in planning their work.
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Teaching Support
1

Step Into the Career: Writing Translation Rules

Miguel is a CNC programmer. He is using a computer-aided design (CAD) program
to model a profile (shape) he wants to cut from a sheet of metal. This is shown on a
coordinate plane, which represents the sheet.

y
2
x
–4

–2

0

2

4

–2
ABC

ABC

Y
Z

X

Miguel can describe the path needed to cut from one vertex to another using a sequence
of translation rules to map one vertex to another. Describe the translation rules that Miguel
can use to cut the profile starting from the vertex (−2, 3) in a clockwise direction.

Guiding Questions

8
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LANGUAGE SUPPORT Students may think of the word profile as a description of a
person. Another meaning of profile is the outline of a person’s likeness from one side. In
this context, a profile is the outline of the shape that is being made by a machine. You can
refer to profile as just a “shape.”
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Photo credit: sspopov/Shutterstock.com

• In Step 1, how can you use the coordinate plane to determine the coordinates of the vertices?
• In Step 2, how can you compare the coordinates of the vertices to determine the numbers in
the translation rules?
• In Step 2, what sign do you use in the rule when the translation is to the left? to the right?
• In Step 2, what sign do you use in the rule when the translation is up? down?

On the Job: Apply Writing Translation Rules
Answers
1a. (−4, 1), (−2, 3), (3, 3), (3, −2), (−1, −3)
1b. starting at (−4, 1): (x, y) → (x + 2, y + 2), (x, y) → (x + 5, y), (x, y) → (x, y − 5),
(x, y) → (x − 4, y − 1), (x, y) → (x − 3, y + 4)
Use these questions to check students’ understanding.
• In 1a, how did you use the coordinate plane to determine the coordinates of the vertices?
• In 1b, how did you know you were following the vertices in a clockwise direction?
• In 1b, how did you compare the vertices to determine the translation rules?
2

Step Into the Career: Identifying Translations

Anissa is a CNC programmer who is setting up a profile
to be repeatedly cut from a sheet of plastic. The initial
profile, labeled Figure A, and the repeated profiles are
modeled in the coordinate plane shown. The coordinate
plane represents the sheet of plastic. Each repeated profile
is a translation of Figure A. Determine the translation rules
needed to map Figure A to the other figures.
y
B

4
C
2
x

–4

–2

0

2

4

–2

Photo credit: Aumm graphixphoto/Shutterstock.com

Photo credit: sspopov/Shutterstock.com

A

–4

D

Guiding Questions
• In Step 1, why is the point at (−4, −2) a good choice for a reference point? Why would you not
select a point such as the point at (−3, −3), which is inside Figure A?
• In Step 2, how do you determine the coordinates of the points corresponding to the reference
point for Figure A?
• In Step 3, how do you use the corresponding points to write the translation rules?
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EXTENSION If the coordinates of the lower right corner in Figure D is (4.4, −5.3), what
are the coordinates of the corresponding corners in Figures A, B, and C? Have students
think about how to use the translation rules to determine the coordinates. (Answer: Figure A:
(−1.6, −4.3); Figure B: (−2.6, 2.7), Figure C: (3.4, 1.7))

DIFFERENTIATION: ADDITIONAL SUPPORT If students have difficulty with complex
shapes, demonstrate the example by using a square instead of a puzzle piece.

TECHNOLOGY You can use geometry software to demonstrate translations in the
coordinate plane. Place a polygon such as a rectangle with one corner at (−4, −2) and
show how the translation rules in the example map the polygon.

On the Job: Apply Identifying Translations
Answers
2a. Figures B and F; Figures C, D, and E
2b. from Figure A to Figure B: (x, y) → (x + 4, y + 1); from Figure A to Figure F:
(x, y) → (x + 6, y − 6)
Use these questions to check students’ understanding.
• In 2a, how did you know which pieces were not translations of Figure A? What must be true
for one figure to be a translation of another?
• In 2b, what point in Figure A did you use as a reference point to determine the
translation rules?
• In 2b, how did you compare the points to determine the translation rules?

10
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Career Spotlight: Practice
Solution Steps for Exercises 3–5
These steps will help guide students in solving these practice exercises.
Exercise 3
Answers
3a. (1, 5)
3b. (x, y) → (x + 5, y + 2)
Solution Steps
• Use point S at (−4, 3) and the translation rule (x, y) → (x + 1, y + 3) to determine the
coordinates of point R. ((−5, 0))
• Use point R as (−5, 0) and the translation rule (x, y) → (x − 5, y) to determine the coordinates
of point Q. ((0, 0))
• Use point Q as (0, 0) and the translation rule (x, y) → (x − 1, y − 5) to determine the
coordinates of point P. ((1, 5))
• Use point S at (−4, 3) and point P at (1, 5) to determine the translation rule from point S to
point P. ((x, y) → (x + 5, y + 2))
Exercise 4
Answers
4a. (x, y) → (x − 6, y − 7)
4b. (x, y) → (x − 5, y + 5)
4c. (x, y) → (x + 7, y + 1)
Solution Steps
• Determine reference points for Figures A, B, C, and D. (Figure A: (2, 2); Figure B: (0, −4);
Figure C: (−4, −5); Figure D: (−5, 1).
• Use points (2, 2) and (−4, −5) to write a translation rule from Figure A to Figure C.
((x, y) → (x − 6, y − 7))
• Use points (0, −4) and (−5, 1) to write a translation rule from Figure B to Figure D.
((x, y) → (x − 5, y + 5))
• Use points (−5, 1) and (2, 2) to write a translation rule from Figure D to Figure A.
((x, y) → (x + 7, y + 1))
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Exercise 5
Answer
5. no; The translated figure overlaps with the given figure.
Devise a Plan
Possible plan:
Step 1: Determine the coordinates of the vertices of the given figure.
Step 2: Apply the translation rule to the vertices.
Step 3: Use the translated vertices to graph the translated figure.
Step 4: Compare figures and answer the question.
Solution Steps
• Determine the coordinates of the vertices of the given figure. ((−7, 3), (−4, 7), (2, 6), (2, 2), (−4, 1))
• Apply the translation rule to the vertices. ((−3, −2), (0, 2), (6, 1), (6, −3), (0, −4))
• Use the translated vertices to graph the translated figure.
y
6
4
2
x
–6

–4

–2

0

2

4

6

–2
–4
–6

• Compare figures and answer the question. (The figures overlap, so she cannot use the
translation rule to cut another figure from the same sheet.)
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Career Spotlight: Check
Tips for Completing Exercises 6–9
These tips will help students in solving these exercises and similar assessment items.
Exercise 6
Answer
6.

Point

Coordinates

P

(−4, 3)

Q

(3, 4)

R

(2, −4)

S

(−2, −4)

Tip Students can first determine the coordinates of points R and S by directly applying
the translation rules. Then they can work backward to the coordinates of point P from the
coordinates of point Q.
Exercise 7
Answer
7. b, c, f
Tip Encourage students to apply the translation rules without looking at the answer choices.
Then have them select the coordinates that match. Students should understand that not all
vertices are necessarily listed.
Exercise 8
Answer
8. From Figure B to Figure D: (x, y) → (x − 7, y − 1); From Figure C to Figure B:
(x, y) → (x − 1, y − 7); From Figure D to Figure A: (x, y) → (x − 1, y + 7)
Tip Have students first identify reference points to compare between figures.
Exercise 9
Answer
9. Clockwise from the figure in quadrant II: B, D, A, C
Tip Encourage students to verify their labels by applying the translation rules to reference
points to make sure figures map to each other as they should.
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Notes
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