
TRANSLATION, REFLECTION OR ROTATION   (4.1-4.3) 
 

 
__________________________________________________________________________________ 
TRANSLATION:   Moves every point of a figure the same distance in the same direction.   
   Points are moved along parallel paths. 
 
Translations (or glides) have a vertical and a horizontal component. 
     
Move along Vector _____ = <5, 3>  

         
     
 
Move along vector <-4,1>     Move along vector <___,___> 
Pre-Image   New Image (Image)  Pre-Image  New Image (Image) 
(X, Y)  ---à  (X-4, Y + 1)   (X, Y)  ---à (______, _______) 
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Maintaining Mathematical ProficiencyMaintaining Mathematical Proficiency
Identifying Transformations (8.10.A)

Example 1  Tell whether the red figure is a translation, reflection, rotation, or dilation 
of the blue figure.

 a.  The blue fi gure b.  The red fi gure is a
   turns to form    mirror image of the
   the red fi gure,    blue fi gure, so it is
   so it is a rotation.   a refl ection.

Tell whether the red figure is a translation, reflection, rotation, 
or dilation of the blue figure.

 1.  2.  3.  4. 

Identifying Similar Figures (8.3.A)

Example 2 Which rectangle is similar to Rectangle A?

 8

4
1

6

34

Rectangle A

Rectangle B
Rectangle C

Each figure is a rectangle, so corresponding angles are congruent. 
Check to see whether corresponding side lengths are proportional.

Rectangle A and Rectangle B Rectangle A and Rectangle C

  Length of A — 
Length of B

   =   8 — 
4
   = 2   Width of A — 

Width of B
   =   4 — 

1
   = 4   Length of A — 

Length of C
   =   8 — 

6
   =   4 — 

3
     Width of A — 

Width of C
   =   4 — 

3
  

 not proportional proportional

  So, Rectangle C is similar to Rectangle A.

Tell whether the two figures are similar. Explain your reasoning.

 5. 

12

5

7

14

 6. 9

12

6

10 158

 7. 

6
3

510

 8. ABSTRACT REASONING Can you draw two squares that are not similar? Explain your reasoning.
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What You Will LearnWhat You Will Learn
 Perform translations.

 Perform compositions.

 Solve real-life problems involving compositions.

Performing Translations
A vector is a quantity that has both direction and magnitude, or size, and is 
represented in the coordinate plane by an arrow drawn from one point to another.

4.1 Lesson

vector, p. 178
initial point, p. 178
terminal point, p. 178
horizontal component, p. 178
vertical component, p. 178
component form, p. 178
transformation, p. 178
image, p. 178
preimage, p. 178
translation, p. 178
rigid motion, p. 180
composition of 

transformations, p. 180

Core VocabularyCore Vocabullarry

STUDY TIP
You can use prime 
notation to name an 
image. For example, if the 
preimage is point P, then 
its image is point P′, read 
as “point P prime.”

Core Core ConceptConcept
Vectors
The diagram shows a vector. The initial point, 
or starting point, of the vector is P, and the 
terminal point, or ending point, is Q. The vector 
is named PQ    ⃑ , which is read as “vector PQ.” The 
horizontal component of PQ    ⃑  is 5, and the vertical 
component is 3. The component form of a vector 
combines the horizontal and vertical components. 
So, the component form of PQ    ⃑  is 〈5, 3〉.

  Identifying Vector Components

In the diagram, name the vector and write its component form.

SOLUTION
 The vector is JK    ⃑. To move from the initial point J to the terminal point K, you move 
3 units right and 4 units up. So, the component form is 〈3, 4〉.

Core Core ConceptConcept
Translations
A translation moves every point of 
a fi gure the same distance in the 
same direction. More specifi cally, 
a translation maps, or moves, the 
points P and Q of a plane fi gure along 
a vector 〈a, b〉 to the points P′ and Q′, 
so that one of the following 
statements is true.

• PP′ = QQ′ and  — PP′   %  — QQ′  , or

• PP′ = QQ′ and  — PP′  and  — QQ′   are collinear.

x

y

P(x1 , y1 )

P′(x1  + a, y1  + b)

Q′(x2  + a, y2  + b)

Q(x2 , y2 )

A transformation is a function that moves or changes a fi gure in some way to 
produce a new fi gure called an image. Another name for the original fi gure is the 
preimage. The points on the preimage are the inputs for the transformation, and the 
points on the image are the outputs.

P

Q

5 units right

3 units
up

Translations map lines to parallel lines and segments to parallel segments. For 
instance, in the fi gure above,  — PQ  %  — P′Q′  .

J

K
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 Writing a Translation Rule

Write a rule for the translation of △ABC to △A′B′C′.

SOLUTION
To go from A to A′, you move 4 units left and 1 unit up, so you move along the 
vector 〈−4, 1〉. 

 So, a rule for the translation is (x, y) → (x − 4, y + 1).x

y

3

42 86

BC

A
A′

B′C′

 Translating a Figure Using a Vector

The vertices of △ABC are A(0, 3), B(2, 4), and C(1, 0). Translate △ABC using the 
vector 〈5, −1〉. 

SOLUTION

First, graph △ABC. Use 〈5, −1〉 to move each 
vertex 5 units right and 1 unit down. Label the 
image vertices. Draw △A′B′C′. Notice that the 
vectors drawn from preimage vertices to image 
vertices are parallel.

You can also express translation along the vector 〈a, b〉 using a rule, which has the 
notation (x, y) → (x + a, y + b).

x

y

2

8

B
A

C

B′(7, 3)

A′(5, 2)

C′(6, −1)

  Translating a Figure in the Coordinate Plane

Graph quadrilateral ABCD with vertices A(−1, 2), B(−1, 5), C(4, 6), and D(4, 2) 
and its image after the translation (x, y) → (x + 3, y − 1). 

SOLUTION
Graph quadrilateral ABCD. To fi nd the coordinates of the vertices of the image, add 
3 to the x-coordinates and subtract 1 from the y-coordinates of the vertices of the 
preimage. Then graph the image, as shown at the left. 

 (x, y) → (x + 3, y − 1)

 A(−1, 2) → A′(2, 1)

 B(−1, 5) → B′(2, 4)

 C(4, 6) → C′(7, 5)

 D(4, 2) → D′(7, 1)

Monitoring ProgressMonitoring Progress Help in English and Spanish at BigIdeasMath.com

 1. Name the vector and write its component form.

 2. The vertices of △LMN are L(2, 2), M(5, 3), and N(9, 1). Translate △LMN using 
the vector 〈−2, 6〉.

 3. In Example 3, write a rule to translate △A′B′C′ back to △ABC.

 4. Graph △RST with vertices R(2, 2), S(5, 2), and T(3, 5) and its image after the 
translation (x, y) → (x + 1, y + 2). 

x

y

4

6

42 6

B
C

A D
A′

B′
C′

D′

K

B
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y

2

8

B
A
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Graph quadrilateral ABCD. To fi nd the coordinates of the vertices of the image, add 
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Monitoring ProgressMonitoring Progress Help in English and Spanish at BigIdeasMath.com

 1. Name the vector and write its component form.

 2. The vertices of △LMN are L(2, 2), M(5, 3), and N(9, 1). Translate △LMN using 
the vector 〈−2, 6〉.

 3. In Example 3, write a rule to translate △A′B′C′ back to △ABC.

 4. Graph △RST with vertices R(2, 2), S(5, 2), and T(3, 5) and its image after the 
translation (x, y) → (x + 1, y + 2). 

x

y

4

6
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B′
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D′
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TRANSLATING A FIGURE 
 
 

 
Move along vector  <___,___> 
 
Pre-Image   Image 
(X,Y)   -----à (X + 3, Y – 1) 
A(-1,2)   A’ (__,___) 
B(-1,5)   B’ (__,___) 
C(4,6)    C’ (__,___) 
D(4,2)    D’ (___,__)   
 
 
 
PRACTICE 

1. Name the vector and write its component form. 
Vector ____=<___,___> 
 

 
 

2.  
 

Pre-Image   Image 
(X,Y)   -----à (_____, _____) 
L(2,2)    L’ (__,___) 
M(5,3)    M’ (__,___) 
N(9,1)    N’ (__,___) 
 

 
 
 
 

3.  
 
 Pre-Image   Image 
(X,Y)   -----à (_____, _____) 
______   __________ 
______   __________ 
______   __________ 
 

 
 
 
HW4.1; 3, 7, 11, 15, 19, 23, 24 
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REFLECTIONS (4.2) 
 
REFLECTIONS:  Uses a line as a mirror to reflect a figure. The mirror line is called the line of reflection. 
The reflected points are equidistant from the line of reflection. 
 

 
______________________________________________________________________________ 

 Reflect about line Y = 1 
        Pre-Image  Image 

     Shortcut: _________________ 
 
PRACTICE:  Graph Triangle ABC.       Reflect about line X = 2   

     Pre-Image  Image 
 
 
 
 
 
 
 
 
       Shortcut;__________________ 
 

REFLECTING ABOUT LINE Y = X 

is perpendicular to the line of reflection 
         Pre-Image  Image 

   
 
 
        Shortcut: ________________ 
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4.2 Lesson What You Will LearnWhat You Will Learn
 Perform refl ections.

 Perform glide refl ections.

 Identify lines of symmetry.

 Solve real-life problems involving refl ections.

Performing Refl ections

 Refl ecting in Horizontal and Vertical Lines

Graph △ABC with vertices A(1, 3), B(5, 2), and C(2, 1) and its image after the 
refl ection described.

a. In the line n: x = 3 b. In the line m: y = 1

SOLUTION
a. Point A is 2 units left of line n, so its 

refl ection A′ is 2 units right of line n
at (5, 3). Also, B′ is 2 units left of 
line n at (1, 2), and C′ is 1 unit right 
of line n at (4, 1).

A
B

n

C
x

y
4

2

42 6

A′

C′
B′

b. Point A is 2 units above line m, so 
A′ is 2 units below line m at (1, −1). 
Also, B′ is 1 unit below line m at 
(5, 0). Because point C is on line m, 
you know that C = C′.

A
B

m

x

y
4

2

6
A′

B′
C

C′

Monitoring ProgressMonitoring Progress Help in English and Spanish at BigIdeasMath.com

Graph △ABC from Example 1 and its image after a refl ection in the given line.

 1. x = 4 2. x = −3

 3. y = 2      4. y = −1

refl ection, p. 186
line of refl ection, p. 186
glide refl ection, p. 188
line symmetry, p. 189
line of symmetry, p. 189

Core VocabularyCore Vocabullarry

Core Core ConceptConcept
Refl ections

A refl ection is a transformation that uses a line like a mirror to refl ect a fi gure.
The mirror line is called the line of refl ection.

A refl ection in a line m maps every point 
P in the plane to a point P′, so that for 
each point one of the following properties 
is true.

• If P is not on m, then m is the 
perpendicular bisector of  — PP′  , or

• If P is on m, then P = P′.

P

m

point P not on m

P′

P

m

point P on m

P′
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 Perform refl ections.

 Perform glide refl ections.

 Identify lines of symmetry.

 Solve real-life problems involving refl ections.

Performing Refl ections

 Refl ecting in Horizontal and Vertical Lines

Graph △ABC with vertices A(1, 3), B(5, 2), and C(2, 1) and its image after the 
refl ection described.

a. In the line n: x = 3 b. In the line m: y = 1

SOLUTION
a. Point A is 2 units left of line n, so its 

refl ection A′ is 2 units right of line n
at (5, 3). Also, B′ is 2 units left of 
line n at (1, 2), and C′ is 1 unit right 
of line n at (4, 1).

A
B

n

C
x

y
4

2

42 6

A′

C′
B′

b. Point A is 2 units above line m, so 
A′ is 2 units below line m at (1, −1). 
Also, B′ is 1 unit below line m at 
(5, 0). Because point C is on line m, 
you know that C = C′.

A
B

m

x

y
4

2

6
A′

B′
C

C′
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Graph △ABC from Example 1 and its image after a refl ection in the given line.

 1. x = 4 2. x = −3

 3. y = 2      4. y = −1

refl ection, p. 186
line of refl ection, p. 186
glide refl ection, p. 188
line symmetry, p. 189
line of symmetry, p. 189
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Refl ections

A refl ection is a transformation that uses a line like a mirror to refl ect a fi gure.
The mirror line is called the line of refl ection.

A refl ection in a line m maps every point 
P in the plane to a point P′, so that for 
each point one of the following properties 
is true.

• If P is not on m, then m is the 
perpendicular bisector of  — PP′  , or

• If P is on m, then P = P′.
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of line n at (4, 1).

A
B

n

C
x

y
4

2

42 6

A′

C′
B′
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A′ is 2 units below line m at (1, −1). 
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(5, 0). Because point C is on line m, 
you know that C = C′.
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Graph △ABC from Example 1 and its image after a refl ection in the given line.

 1. x = 4 2. x = −3

 3. y = 2      4. y = −1
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Refl ections

A refl ection is a transformation that uses a line like a mirror to refl ect a fi gure.
The mirror line is called the line of refl ection.

A refl ection in a line m maps every point 
P in the plane to a point P′, so that for 
each point one of the following properties 
is true.

• If P is not on m, then m is the 
perpendicular bisector of  — PP′  , or

• If P is on m, then P = P′.
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 Refl ecting in the Line y = −x

Graph  — FG   from Example 2 and its image after a refl ection in the line y = −x. 

SOLUTION
Use the coordinate rule for refl ecting in the line 
y = −x to fi nd the coordinates of the endpoints 
of the image. Then graph  — FG   and its image.

 (a , b ) → (−b , −a )

 F(−1, 2) → F′(−2, 1)

 G(1, 2) → G′(−2, −1)

Monitoring ProgressMonitoring Progress Help in English and Spanish at BigIdeasMath.com

The vertices of △JKL are J(1, 3), K(4, 4), and L(3, 1).

 5. Graph △JKL and its image after a refl ection in the x-axis. 

 6. Graph △JKL and its image after a refl ection in the y-axis. 

 7. Graph △JKL and its image after a refl ection in the line y = x. 

 8. Graph △JKL and its image after a refl ection in the line y = −x. 

 9. In Example 3, verify that  — FF′   is perpendicular to y = −x.   

 Refl ecting in the Line y = x

Graph  — FG   with endpoints F(−1, 2) and G(1, 2) and its image after a refl ection in the 
line y = x.

SOLUTION
The slope of y = x is 1. The segment from F to 
its image,  — FF′  , is perpendicular to the line of 
refl ection y = x, so the slope of  — FF′   will be −1 
(because 1(−1) = −1). From F, move 1.5 units 
right and 1.5 units down to y = x. From that point, 
move 1.5 units right and 1.5 units down to 
locate F′(2, −1).

The slope of   — GG′   will also be −1. From G, move 
0.5 unit right and 0.5 unit down to y = x. Then move 
0.5 unit right and 0.5 unit down to locate G′(2, 1).

You can use coordinate rules to fi nd the images of points refl ected in four special lines.

REMEMBER
The product of the slopes 
of perpendicular lines 
is −1.

Core Core ConceptConcept
Coordinate Rules for Refl ections
• If (a, b) is refl ected in the x-axis, then its image is the point (a, −b). 

• If (a, b) is refl ected in the y-axis, then its image is the point (−a, b). 

• If (a, b) is refl ected in the line y = x, then its image is the point (b, a). 

• If (a, b) is refl ected in the line y = −x, then its image is the point (−b, −a).

x

y
4

−2

4−2

F G

F′

G′

y = x

F′

G′
x

y

−2

2

F G

y = −x

FF '
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 Refl ecting in the Line y = −x

Graph  — FG   from Example 2 and its image after a refl ection in the line y = −x. 

SOLUTION
Use the coordinate rule for refl ecting in the line 
y = −x to fi nd the coordinates of the endpoints 
of the image. Then graph  — FG   and its image.
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 F(−1, 2) → F′(−2, 1)

 G(1, 2) → G′(−2, −1)
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 Refl ecting in the Line y = x

Graph  — FG   with endpoints F(−1, 2) and G(1, 2) and its image after a refl ection in the 
line y = x.

SOLUTION
The slope of y = x is 1. The segment from F to 
its image,  — FF′  , is perpendicular to the line of 
refl ection y = x, so the slope of  — FF′   will be −1 
(because 1(−1) = −1). From F, move 1.5 units 
right and 1.5 units down to y = x. From that point, 
move 1.5 units right and 1.5 units down to 
locate F′(2, −1).

The slope of   — GG′   will also be −1. From G, move 
0.5 unit right and 0.5 unit down to y = x. Then move 
0.5 unit right and 0.5 unit down to locate G′(2, 1).

You can use coordinate rules to fi nd the images of points refl ected in four special lines.
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The product of the slopes 
of perpendicular lines 
is −1.

Core Core ConceptConcept
Coordinate Rules for Refl ections
• If (a, b) is refl ected in the x-axis, then its image is the point (a, −b). 

• If (a, b) is refl ected in the y-axis, then its image is the point (−a, b). 

• If (a, b) is refl ected in the line y = x, then its image is the point (b, a). 

• If (a, b) is refl ected in the line y = −x, then its image is the point (−b, −a).
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RULES FOR REFLECTIONS 

 
 
PRACTICE 
 

 
 
 

 
GLIDE REFLECTIONS:  A transformation involving a translation followed by a reflection. 

 
1. A translation (X, Y) ----à (X – 4, Y) 2. Reflection:  about the X axis 

                  Pre-Image  Image 
 
 
 
 
 
 
 
 
 
 

 
HW4.2; 1-25 odd, 33, 34 
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 Refl ecting in the Line y = −x

Graph  — FG   from Example 2 and its image after a refl ection in the line y = −x. 

SOLUTION
Use the coordinate rule for refl ecting in the line 
y = −x to fi nd the coordinates of the endpoints 
of the image. Then graph  — FG   and its image.

 (a , b ) → (−b , −a )

 F(−1, 2) → F′(−2, 1)

 G(1, 2) → G′(−2, −1)
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The vertices of △JKL are J(1, 3), K(4, 4), and L(3, 1).

 5. Graph △JKL and its image after a refl ection in the x-axis. 

 6. Graph △JKL and its image after a refl ection in the y-axis. 

 7. Graph △JKL and its image after a refl ection in the line y = x. 

 8. Graph △JKL and its image after a refl ection in the line y = −x. 

 9. In Example 3, verify that  — FF′   is perpendicular to y = −x.   

 Refl ecting in the Line y = x

Graph  — FG   with endpoints F(−1, 2) and G(1, 2) and its image after a refl ection in the 
line y = x.

SOLUTION
The slope of y = x is 1. The segment from F to 
its image,  — FF′  , is perpendicular to the line of 
refl ection y = x, so the slope of  — FF′   will be −1 
(because 1(−1) = −1). From F, move 1.5 units 
right and 1.5 units down to y = x. From that point, 
move 1.5 units right and 1.5 units down to 
locate F′(2, −1).

The slope of   — GG′   will also be −1. From G, move 
0.5 unit right and 0.5 unit down to y = x. Then move 
0.5 unit right and 0.5 unit down to locate G′(2, 1).

You can use coordinate rules to fi nd the images of points refl ected in four special lines.

REMEMBER
The product of the slopes 
of perpendicular lines 
is −1.

Core Core ConceptConcept
Coordinate Rules for Refl ections
• If (a, b) is refl ected in the x-axis, then its image is the point (a, −b). 

• If (a, b) is refl ected in the y-axis, then its image is the point (−a, b). 

• If (a, b) is refl ected in the line y = x, then its image is the point (b, a). 

• If (a, b) is refl ected in the line y = −x, then its image is the point (−b, −a).
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 Refl ecting in the Line y = −x

Graph  — FG   from Example 2 and its image after a refl ection in the line y = −x. 

SOLUTION
Use the coordinate rule for refl ecting in the line 
y = −x to fi nd the coordinates of the endpoints 
of the image. Then graph  — FG   and its image.

 (a , b ) → (−b , −a )

 F(−1, 2) → F′(−2, 1)

 G(1, 2) → G′(−2, −1)
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 5. Graph △JKL and its image after a refl ection in the x-axis. 

 6. Graph △JKL and its image after a refl ection in the y-axis. 

 7. Graph △JKL and its image after a refl ection in the line y = x. 

 8. Graph △JKL and its image after a refl ection in the line y = −x. 

 9. In Example 3, verify that  — FF′   is perpendicular to y = −x.   

 Refl ecting in the Line y = x

Graph  — FG   with endpoints F(−1, 2) and G(1, 2) and its image after a refl ection in the 
line y = x.

SOLUTION
The slope of y = x is 1. The segment from F to 
its image,  — FF′  , is perpendicular to the line of 
refl ection y = x, so the slope of  — FF′   will be −1 
(because 1(−1) = −1). From F, move 1.5 units 
right and 1.5 units down to y = x. From that point, 
move 1.5 units right and 1.5 units down to 
locate F′(2, −1).

The slope of   — GG′   will also be −1. From G, move 
0.5 unit right and 0.5 unit down to y = x. Then move 
0.5 unit right and 0.5 unit down to locate G′(2, 1).

You can use coordinate rules to fi nd the images of points refl ected in four special lines.

REMEMBER
The product of the slopes 
of perpendicular lines 
is −1.

Core Core ConceptConcept
Coordinate Rules for Refl ections
• If (a, b) is refl ected in the x-axis, then its image is the point (a, −b). 

• If (a, b) is refl ected in the y-axis, then its image is the point (−a, b). 

• If (a, b) is refl ected in the line y = x, then its image is the point (b, a). 

• If (a, b) is refl ected in the line y = −x, then its image is the point (−b, −a).
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Performing Glide Refl ections

Because a refl ection is a rigid motion, and a rigid motion preserves length and angle 
measure, the following statements are true for the refl ection shown.

• DE = D′E′, EF = E′F′, FD = F′D′

• m∠D = m∠D′, m∠E = m∠E′, m∠F = m∠F′

Because a refl ection is a rigid motion, the Composition Theorem (Theorem 4.1) 
guarantees that any composition of refl ections and translations is a rigid motion. 

A glide refl ection is a transformation involving a 
translation followed by a refl ection in which every 
point P is mapped to a point P ″ by the following steps.

Step 1 First, a translation maps P to P′.

Step 2 Then, a refl ection in a line k parallel to the 
direction of the translation maps P′ to P ″.

  Performing a Glide Refl ection

Graph △ABC with vertices A(3, 2), B(6, 3), and C(7, 1) and its image after the 
glide refl ection. 

 Translation: (x, y) → (x − 12, y)

 Refl ection: in the x-axis

SOLUTION
Begin by graphing △ABC. Then graph △A′B′C′ after a translation 12 units left. 
Finally, graph △A″B″C″ after a refl ection in the x-axis.

x

y

2

−2

42 86−2−4−6−8−10−12

A(3, 2)

B(6, 3)

C(7, 1)
A′(−9, 2)

A″(−9, −2)

B′(−6, 3)

B″(−6, −3)

C′(−5, 1)

C″(−5, −1)
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 10. WHAT IF? In Example 4, △ABC is translated 4 units down and then refl ected in 
the y-axis. Graph △ABC and its image after the glide refl ection.

 11. In Example 4, describe a glide refl ection from △A″B″C ″ to △ABC.  

STUDY TIP
The line of refl ection must 
be parallel to the direction 
of the translation to be a 
glide refl ection.

PostulatePostulate
Postulate 4.2 Refl ection Postulate
A refl ection is a rigid motion.
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ROTATIONS (4.3)  
 
ROTATION:  A transformation in which a figure is turned about a fixed point called the center of rotation. 

 
Positive Angle of Rotation (Counterclockwise)  Negative Angle of Rotation (Clockwise) 
__________________________________________________________________________________ 

 
__________________________________________________________________________________  
Rotation with Angles other than 90, 180 or 270  
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4.3 Lesson What You Will LearnWhat You Will Learn
 Perform rotations.

 Perform compositions with rotations.

 Identify rotational symmetry.

Performing Rotations

The fi gure above shows a 40° counterclockwise rotation. Rotations can be clockwise 
or counterclockwise. In this chapter, all rotations are counterclockwise unless 
otherwise noted.

 Drawing a Rotation

Draw a 120° rotation of △ABC about point P.

SOLUTION
Step 1 Draw a segment from P to A.

P

A

BC

Step 2 Draw a ray to form a 120° angle 
with  — PA  .

P

A

BC
P

C
90
90

80
10
0

70
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0

60 12
0

50 13
0

40 14
0

30 15
0

20 16
0

10 17
0

0 18
0

100
80

110
70

120
60

130
50

140
40

150
30 16020 17010 1800

Step 3 Draw A′ so that PA′ = PA.

P

A

A′ BC120 °

Step 4 Repeat Steps 1–3 for each vertex. 
Draw △A′B′C′.

P

A

A′

B′

C′ BC

rotation, p. 194
center of rotation, p. 194
angle of rotation, p. 194
rotational symmetry, p. 197
center of symmetry, p. 197
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Core Core ConceptConcept
Rotations
A rotation is a transformation in which a fi gure is turned about a fi xed point 
called the center of rotation. Rays drawn from the center of rotation to a point 
and its image form the angle of rotation.

A rotation about a point P through an angle 
of x° maps every point Q in the plane to 
a point Q′ so that one of the following 
properties is true.

• If Q is not the center of rotation P, 
then QP = Q′P and m∠QPQ′ = x°, or

• If Q is the center of rotation P, then 
Q = Q′.

R

Q

P

Q′

R′

40 °
angle of
rotation

center of
rotation

P

A

BC

clockwise

counterclockwise

Direction of rotation
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 Rotating a Figure in the Coordinate Plane

Graph quadrilateral RSTU with vertices R(3, 1), S(5, 1), T(5, −3), and U(2, −1) and 
its image after a 270° rotation about the origin.

SOLUTION
Use the coordinate rule for a 270° rotation to 
fi nd the coordinates of the vertices of the image. 
Then graph quadrilateral RSTU and its image.  

 (a , b ) → (b , −a )

 R(3, 1) → R′(1, −3)

 S(5, 1) → S′(1, −5)

 T(5, −3) → T′(−3, −5)

 U(2, −1) → U′(−1, −2)
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 1. Trace △DEF and point P. Then draw a 50° rotation of △DEF about point P.

  

P
FD

E

 2. Graph △JKL with vertices J(3, 0), K(4, 3), and L(6, 0) and its image after 
a 90° rotation about the origin.  

You can rotate a fi gure more than 180°. The diagram 
shows rotations of point A 130°, 220°, and 310° 
about the origin. Notice that point A and its images 
all lie on the same circle. A rotation of 360° maps 
a fi gure onto itself.

You can use coordinate rules to fi nd the coordinates 
of a point after a rotation of 90°, 180°, or 270° 
about the origin.

USING 
ROTATIONS
You can rotate a fi gure 
more than 360 °. The 
effect, however, is the 
same as rotating the 
fi gure by the angle 
minus 360 °.

Core Core ConceptConcept
Coordinate Rules for Rotations about the Origin
When a point (a, b) is rotated counterclockwise 
about the origin, the following are true. 

• For a rotation of 90°, 
(a, b) → (−b, a).

• For a rotation of 180°, 
(a, b) → (−a, −b).

• For a rotation of 270°, 
(a, b) → (b, −a).
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y
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130 °
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y

90 °180 °

270 °

(a, b)
(−b, a)

(−a, −b)
(b, −a)
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y
2
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R S
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UU′
R′

S′T′
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4.3 Lesson What You Will LearnWhat You Will Learn
 Perform rotations.

 Perform compositions with rotations.

 Identify rotational symmetry.

Performing Rotations

The fi gure above shows a 40° counterclockwise rotation. Rotations can be clockwise 
or counterclockwise. In this chapter, all rotations are counterclockwise unless 
otherwise noted.

 Drawing a Rotation

Draw a 120° rotation of △ABC about point P.

SOLUTION
Step 1 Draw a segment from P to A.
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Step 2 Draw a ray to form a 120° angle 
with  — PA  .
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Step 3 Draw A′ so that PA′ = PA.
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Step 4 Repeat Steps 1–3 for each vertex. 
Draw △A′B′C′.
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Core Core ConceptConcept
Rotations
A rotation is a transformation in which a fi gure is turned about a fi xed point 
called the center of rotation. Rays drawn from the center of rotation to a point 
and its image form the angle of rotation.

A rotation about a point P through an angle 
of x° maps every point Q in the plane to 
a point Q′ so that one of the following 
properties is true.

• If Q is not the center of rotation P, 
then QP = Q′P and m∠QPQ′ = x°, or

• If Q is the center of rotation P, then 
Q = Q′.
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Every time you rotate 90 degrees, exchange the x and y coordinate with + or - signs per the quadrant. 
____________________________________________________________________________  

 
 
(a,b) ----à _______---à_______ ---à ________  Summary (a, b) ----à ______ 

Pre-Image Image  
 
 
 
 
 
 
 
 
 
 

PRACTICE 

 
 
         Summary (a, b) ----à ______ 

Pre-Image Image  
 
 
 
 
 
 
 
 
 
 

Graph the Triangle JKL and its image after 180 rotation  Summary (a, b) ----à ______ 
 
 
 
 
 
HW4.3; 1, 2, 3-31odd, 35,38,40,41 
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 Rotating a Figure in the Coordinate Plane

Graph quadrilateral RSTU with vertices R(3, 1), S(5, 1), T(5, −3), and U(2, −1) and 
its image after a 270° rotation about the origin.

SOLUTION
Use the coordinate rule for a 270° rotation to 
fi nd the coordinates of the vertices of the image. 
Then graph quadrilateral RSTU and its image.  

 (a , b ) → (b , −a )

 R(3, 1) → R′(1, −3)

 S(5, 1) → S′(1, −5)

 T(5, −3) → T′(−3, −5)

 U(2, −1) → U′(−1, −2)
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 1. Trace △DEF and point P. Then draw a 50° rotation of △DEF about point P.

  

P
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 2. Graph △JKL with vertices J(3, 0), K(4, 3), and L(6, 0) and its image after 
a 90° rotation about the origin.  

You can rotate a fi gure more than 180°. The diagram 
shows rotations of point A 130°, 220°, and 310° 
about the origin. Notice that point A and its images 
all lie on the same circle. A rotation of 360° maps 
a fi gure onto itself.

You can use coordinate rules to fi nd the coordinates 
of a point after a rotation of 90°, 180°, or 270° 
about the origin.

USING 
ROTATIONS
You can rotate a fi gure 
more than 360 °. The 
effect, however, is the 
same as rotating the 
fi gure by the angle 
minus 360 °.

Core Core ConceptConcept
Coordinate Rules for Rotations about the Origin
When a point (a, b) is rotated counterclockwise 
about the origin, the following are true. 

• For a rotation of 90°, 
(a, b) → (−b, a).
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 Rotating a Figure in the Coordinate Plane
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