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236 Chapter 5  Congruent Triangles

5.1 Lesson What You Will LearnWhat You Will Learn
 Classify triangles by sides and angles.

 Find interior and exterior angle measures of triangles.

Classifying Triangles by Sides and by Angles
Recall that a triangle is a polygon with three sides. You can classify triangles by sides 
and by angles, as shown below.

interior angles, p. 237
exterior angles, p. 237
corollary to a theorem, p. 239

Previous
triangle

Core VocabularyCore Vocabullarry

 Classifying Triangles by Sides and by Angles

Classify the triangular shape of 
the support beams in the diagram 
by its sides and by measuring 
its angles.

SOLUTION

The triangle has a pair of congruent sides, so it is isosceles. By measuring, the angles 
are 55°, 55°, and 70°. 

 So, it is an acute isosceles triangle.

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

 1. Draw an obtuse isosceles triangle and an acute scalene triangle. 

Core Core ConceptConcept
Classifying Triangles by Sides
 Scalene Triangle Isosceles Triangle Equilateral Triangle

 no congruent sides  at least 2 congruent sides  3 congruent sides

Classifying Triangles by Angles
 Acute Right Obtuse Equiangular
 Triangle Triangle Triangle Triangle

 3 acute angles  1 right angle  1 obtuse angle  3 congruent angles

READING
Notice that an equilateral 
triangle is also isosceles. 
An equiangular triangle 
is also acute.
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 Classifying a Triangle in the Coordinate Plane

Classify △OPQ by its sides. Then 
determine whether it is a right triangle.

SOLUTION

Step 1 Use the Distance Formula to fi nd the side lengths.

OP =  √
——

  (x2 − x1)2 + (y2 − y1)2   =  √
——

  (−1 − 0)2 + (2 − 0)2   =  √
—

 5   ≈ 2.2

OQ =  √
——

  (x2 − x1)2 + (y2 − y1)2   =  √
——

  (6 − 0)2 + (3 − 0)2   =  √
—

 45   ≈ 6.7

PQ =  √
——

  (x2 − x1)2 + (y2 − y1)2   =  √
——

  [6 − (−1)]2 + (3 − 2)2   =  √
—

 50   ≈ 7.1

Because no sides are congruent, △OPQ is a scalene triangle.

Step 2  Check for right angles. The slope of  — OP   is   2 − 0 — 
−1 − 0

   = −2. The slope of  — OQ   

is    3 − 0 — 
6 − 0

   =   1 — 
2
  . The product of the slopes is −2  (   1 — 

2
   )  = −1. So,  — OP   ⊥  — OQ   and 

∠POQ is a right angle.

 So, △OPQ is a right scalene triangle.

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

 2. △ABC has vertices A(0, 0), B(3, 3), and C(−3, 3). Classify the triangle by its 
sides. Then determine whether it is a right triangle. 

Finding Angle Measures of Triangles
When the sides of a polygon are extended, other angles are formed. The original 
angles are the interior angles. The angles that form linear pairs with the interior 
angles are the exterior angles.

A

B

C

interior angles    

A

B

C

exterior angles

TheoremTheorem
Theorem 5.1 Triangle Sum Theorem
The sum of the measures of the interior 
angles of a triangle is 180°.

Proof p. 234; Ex. 53, p. 238

x

y
4

4 86−2

P(−1, 2)

O(0, 0)

Q(6, 3)

A

B

C

m∠A + m∠B + m∠C = 180°
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MONITORING PROGRESS 
ANSWER

2. isosceles; right

Differentiated Instruction

Kinesthetic
Have students draw a large triangle 
on a sheet of paper and cut it out. 
Then tear off the “corners.” Arrange 
the torn pieces so that their vertices 
coincide and form three adjacent 
angles. Based on their arrangement, 
ask students what appears to be true 
about the sum of the measures of the 
three interior angles in a triangle.

Extra Example 2
Classify △ABC by its sides. Then 
determine whether it is a right triangle.

x

y
4

2

−2

64

A(0, 3)
B(7, 1)

C(1, −1)

△ABC is a scalene acute triangle. It is not 
a right triangle.

Teacher ActionsTeacher ActionsLaurie’s Notes
 State the coordinates of △OPQ. “How can you classify the triangle by its sides and angles?” Use 
the Distance Formula to find the length of each side of the triangle. Find the slopes of the sides 
to see whether two sides are perpendicular.

• MP3 Construct Viable Arguments and Critique the Reasoning of Others: Some 
students will try to answer by simply graphing and using eyesight. Students must be able to 
provide a viable argument, and eyesight is not sufficient!

• Common Misconception: There are two exterior angles at each vertex, not just one.
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Finding Angle Measures of Triangles
When the sides of a polygon are extended, other angles are formed. The original 
angles are the interior angles. The angles that form linear pairs with the interior 
angles are the exterior angles.
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exterior angles

TheoremTheorem
Theorem 5.1 Triangle Sum Theorem
The sum of the measures of the interior 
angles of a triangle is 180°.

Proof p. 234; Ex. 53, p. 238
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2. isosceles; right

Differentiated Instruction
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Have students draw a large triangle 
on a sheet of paper and cut it out. 
Then tear off the “corners.” Arrange 
the torn pieces so that their vertices 
coincide and form three adjacent 
angles. Based on their arrangement, 
ask students what appears to be true 
about the sum of the measures of the 
three interior angles in a triangle.
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△ABC is a scalene acute triangle. It is not 
a right triangle.

Teacher ActionsTeacher ActionsLaurie’s Notes
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the Distance Formula to find the length of each side of the triangle. Find the slopes of the sides 
to see whether two sides are perpendicular.
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students will try to answer by simply graphing and using eyesight. Students must be able to 
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1)

∠D =            ;

=

∠C =            

2)

∠V =            ;

=

∠U =            

3)

∠T =            ;

=

∠S =            

4)

∠C =            ;

=

∠B =            

5)

∠M =            ;

=

∠K =            

6)

∠B =            ;

=

∠A =            

7)

∠W =            ;

=

∠V =            

8)

∠J =            ;

=

∠I =            

9)

∠R =            ;

=

∠Q =            

Find the unknown interior angle for each triangle.

C

D E

U

V

W

B

C

D K

L

M

A

B C

U

V

W

P

Q R

2

450 +250

2 +50

R

S T
+600

400

700

+300

2
−100 400

2
−300 +200 +200

1200

400

2 −200

−200

H

J

600

+30

4
−80

+300

500

Example: Sum of the interior angles = 1800

1200

Sum of the interior angles = 400 +  + 200 +  

1800 = 600 + 2

2  = 1800 - 600 = 

∠K = +200

∠K = 600 + 200

∠K = 800
=1200

2
= 600 ∠J = 600

J

K

400

+200

Triangle - Interior Angle
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 Classifying a Triangle in the Coordinate Plane

Classify △OPQ by its sides. Then 
determine whether it is a right triangle.

SOLUTION

Step 1 Use the Distance Formula to fi nd the side lengths.

OP =  √
——

  (x2 − x1)2 + (y2 − y1)2   =  √
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  (−1 − 0)2 + (2 − 0)2   =  √
—

 5   ≈ 2.2

OQ =  √
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PQ =  √
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  [6 − (−1)]2 + (3 − 2)2   =  √
—

 50   ≈ 7.1

Because no sides are congruent, △OPQ is a scalene triangle.

Step 2  Check for right angles. The slope of  — OP   is   2 − 0 — 
−1 − 0

   = −2. The slope of  — OQ   

is    3 − 0 — 
6 − 0

   =   1 — 
2

  . The product of the slopes is −2  (   1 — 
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   )  = −1. So,  — OP   ⊥  — OQ   and 

∠POQ is a right angle.

 So, △OPQ is a right scalene triangle.
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 2. △ABC has vertices A(0, 0), B(3, 3), and C(−3, 3). Classify the triangle by its 
sides. Then determine whether it is a right triangle. 

Finding Angle Measures of Triangles
When the sides of a polygon are extended, other angles are formed. The original 
angles are the interior angles. The angles that form linear pairs with the interior 
angles are the exterior angles.
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Theorem 5.1 Triangle Sum Theorem
The sum of the measures of the interior 
angles of a triangle is 180°.

Proof p. 234; Ex. 53, p. 238
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2. isosceles; right

Differentiated Instruction

Kinesthetic
Have students draw a large triangle 
on a sheet of paper and cut it out. 
Then tear off the “corners.” Arrange 
the torn pieces so that their vertices 
coincide and form three adjacent 
angles. Based on their arrangement, 
ask students what appears to be true 
about the sum of the measures of the 
three interior angles in a triangle.

Extra Example 2
Classify △ABC by its sides. Then 
determine whether it is a right triangle.

x

y
4

2

−2

64

A(0, 3)
B(7, 1)

C(1, −1)

△ABC is a scalene acute triangle. It is not 
a right triangle.

Teacher ActionsTeacher ActionsLaurie’s Notes
 State the coordinates of △OPQ. “How can you classify the triangle by its sides and angles?” Use 
the Distance Formula to find the length of each side of the triangle. Find the slopes of the sides 
to see whether two sides are perpendicular.

• MP3 Construct Viable Arguments and Critique the Reasoning of Others: Some 
students will try to answer by simply graphing and using eyesight. Students must be able to 
provide a viable argument, and eyesight is not sufficient!

• Common Misconception: There are two exterior angles at each vertex, not just one.
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 Finding an Angle Measure

Find m∠JKM.

SOLUTION

Step 1  Write and solve an equation 
to fi nd the value of x.

 (2x − 5)° =  70° +  x°  Apply the Exterior Angle Theorem.

 x =  75  Solve for x.

Step 2 Substitute 75 for x in 2x − 5 to fi nd m∠JKM.

2x − 5 =  2 ⋅ 75 − 5 =  145

 So, the measure of ∠JKM is 145°.

To prove certain theorems, you may need to add a line, a segment, or a ray to a given 
diagram. An auxiliary line is used in the proof of the Triangle Sum Theorem.

 Triangle Sum Theorem

Given △ ABC

Prove m∠1 +  m∠2 +  m∠3 =  180°

a. Draw an auxiliary line through B that 
is parallel to  — AC  .

b. Show that m∠4 +  m∠2 +  m∠5 =  180°, ∠1 ≅  ∠4, and ∠3 ≅  ∠5.

c. By substitution, m∠1 +  m∠2 +  m∠3 =  180°.

STATEMENTS REASONS

a. 1. Draw  ⃖ &&⃗ BD  parallel to  — AC  . 1. Parallel Postulate (Post. 3.1)

b. 2. m∠4 +  m∠2 +  m∠5 =  180° 2. Angle Addition Postulate (Post. 1.4) 
and defi nition of straight angle

 3. ∠1 ≅  ∠4, ∠3 ≅  ∠5 3. Alternate Interior Angles Theorem 
(Thm. 3.2)

 4. m∠l =  m∠4, m∠3 =  m∠5 4. Defi nition of congruent angles

c. 5. m∠l +  m∠2 +  m∠3 =  180° 5. Substitution Property of Equality

Plan 
for 

Proof

Plan 
in 

Action

TheoremTheorem
Theorem 5.2 Exterior Angle Theorem
The measure of an exterior angle of 
a triangle is equal to the sum of the 
measures of the two nonadjacent 
interior angles.

Proof Ex. 42, p. 237

1 3

2 54

A C

B D

1
A C

B

L K M

J

70°

x°

(2x − 5)°

m∠1 =  m∠A +  m∠B
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Extra Example 3
Find m∠PQS.

RP Q

S

65°

2x °(3 x +  25)°

m∠PQS =  145°

Teacher ActionsTeacher ActionsLaurie’s Notes
• Draw △ ABC and label ∠1, ∠2, and ∠3. Draw and explain what an auxiliary line is.
• Turn and Talk: “How could you prove that the three angles sum to 180°?” Give partners time 

to talk and plan. Use Popsicle Sticks to solicit suggestions from students. Write a proof for this 
theorem.

• Repeat a similar process for the Exterior Angle Theorem, but do not write a proof if it is part of 
the homework assignment.

• Response Logs: “Right now I am thinking about …”
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_______________________________________________________________________ 
COROLLARY:  A statement that can be proved easily by applying a theorem 
 

 
 
 
 
 
 
 

Statement        Reason
1) __Given__

2) _ Definition _ of Straight Angle

3) If Straight Angle, then 180

4) Angle Addition Postulate

5) Substitution __ Property_ of Equality _

6) Definition of Transversal(s)

7) Definition of Alt Interior Angles.

8) Definition of Alt Interior Angles 

9) If                then 

10) Definition of _congruent_ Angles

11) Substitution Property of =

Given:

QED

Proof of Triangle Angle Sum Theorem

!1 !3
!2!4 !5m

n

parallel
transversal
Alt. Int. !

congruent

A B C

Given:  m & n parallel.

Prove: m! 1 + m!2 +m !3 = 180º
x

y

An auxiliary line is a line (or ray or segment) added to a diagram to help in
a proof. An auxiliary line is used in the proof of the next theorem, one of the
best-known theorems of geometry.

Tlworem 2-17
The sum of the measures of the angles of a triangle is 180.

Given: LABC
Prove: mll q m/-2 * mL3 = 180

Proof:

Statements Reasons

l. Through Blgaw BD, the line
paralle! to AC.

2. wLDBC + m/5 - 180;
nLDBC-mL4*m/-2

3. mL4 + mL2 + m/5 = 180

4. m14 - m/-l; m/-5 =mL3
5. mLl + m/-2 + mL3 : 180

Through a point outside a line, there
is exactly one line ll to the given line.

Angle Addition Postulate

Substitution Property
I

Substitution Property

3.

4.

5.

A statement that can be proved easily by applying a theorem is often
called a corollary of the theorem. Corollaries, like theorems, can be used as

reasons in proofs. Each of the four statements that are shown below is a corol-
lary ofTheorem 2-ll.

Corollary 7
If two angles of one triangle are congruent to two angles of another triangle,
then the third angles are congruent.

Corollnry 2
Each angle of an equiangular triangle has measure 60.

Corollary 3
In a triangle, there can be at most one right angle or obtuse angle.

Corollnry 4
Th€ acute angles of a right triangle are complementary.

You will justify these corollaries as classroom exercises.
Parallel Lines and Planes / 73

5
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Exampb 7 ls /-P: LV?
Solution /-R: lE (Given in diagram)

Ll: L2 (Vertical angles)
Thus, two angles of APRO are congruent to two
angles of LVEO, and LP - lVby Corollary l.

When one side of a triangle is extended, an exterior angle is formed.
Because an exterior angle of a triangle is always a supplement of the adjacent
interior angle of the triangle, its measure is related in a special way to the
measure of the other two angles of the triangle, called the remote interior
angles.

65:40+25

Tlworem 2-12
The measure of an exterior angle of a triangle equals the sum of the measures of
the two remote interior angles.

The proof of Theorem 2-12 is left as a classroom exercise.

Example 2 In ARSTI m /- R - 80 and an exterior angle at I is
three times as large as l S. Find the measure of L S.

Solution Draw a diagram that shows the given information.
Then apply Theorem 2-12.

3x-80+x
2x =80x=40

m/-S - 40

Classroom Exercises
Complete each statement with the wordl always, sometimes, ot never.

1. If a triangle is isosceles, then it is ? equilateral.
2. If a triangle is equilateral,,then it is ? isosceles.
3. If a triangle is scalene, then it is ? isosceles.
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 Finding an Angle Measure

Find m∠JKM.

SOLUTION

Step 1  Write and solve an equation 
to fi nd the value of x.

 (2x − 5)° =  70° +  x°  Apply the Exterior Angle Theorem.

 x =  75  Solve for x.

Step 2 Substitute 75 for x in 2x − 5 to fi nd m∠JKM.

2x − 5 =  2 ⋅ 75 − 5 =  145

 So, the measure of ∠JKM is 145°.

To prove certain theorems, you may need to add a line, a segment, or a ray to a given 
diagram. An auxiliary line is used in the proof of the Triangle Sum Theorem.

 Triangle Sum Theorem

Given △ ABC

Prove m∠1 +  m∠2 +  m∠3 =  180°

a. Draw an auxiliary line through B that 
is parallel to  — AC  .

b. Show that m∠4 +  m∠2 +  m∠5 =  180°, ∠1 ≅  ∠4, and ∠3 ≅  ∠5.

c. By substitution, m∠1 +  m∠2 +  m∠3 =  180°.

STATEMENTS REASONS

a. 1. Draw  ⃖ &&⃗ BD  parallel to  — AC  . 1. Parallel Postulate (Post. 3.1)

b. 2. m∠4 +  m∠2 +  m∠5 =  180° 2. Angle Addition Postulate (Post. 1.4) 
and defi nition of straight angle

 3. ∠1 ≅  ∠4, ∠3 ≅  ∠5 3. Alternate Interior Angles Theorem 
(Thm. 3.2)

 4. m∠l =  m∠4, m∠3 =  m∠5 4. Defi nition of congruent angles

c. 5. m∠l +  m∠2 +  m∠3 =  180° 5. Substitution Property of Equality

Plan 
for 

Proof

Plan 
in 

Action

TheoremTheorem
Theorem 5.2 Exterior Angle Theorem
The measure of an exterior angle of 
a triangle is equal to the sum of the 
measures of the two nonadjacent 
interior angles.

Proof Ex. 42, p. 237

1 3

2 54

A C

B D

1
A C

B

L K M

J

70°

x°

(2x − 5)°

m∠1 =  m∠A +  m∠B
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Extra Example 3
Find m∠PQS.

RP Q

S

65°

2x °(3 x +  25)°

m∠PQS =  145°

Teacher ActionsTeacher ActionsLaurie’s Notes
• Draw △ ABC and label ∠1, ∠2, and ∠3. Draw and explain what an auxiliary line is.
• Turn and Talk: “How could you prove that the three angles sum to 180°?” Give partners time 

to talk and plan. Use Popsicle Sticks to solicit suggestions from students. Write a proof for this 
theorem.

• Repeat a similar process for the Exterior Angle Theorem, but do not write a proof if it is part of 
the homework assignment.

• Response Logs: “Right now I am thinking about …”
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 Modeling with Mathematics

In the painting, the red triangle is a right triangle. 
The measure of one acute angle in the triangle is 
twice the measure of the other. Find the measure 
of each acute angle.

SOLUTION

1. Understand the Problem You are given a 
right triangle and the relationship between the 
two acute angles in the triangle. You need to 
fi nd the measure of each acute angle.

2. Make a Plan First, sketch a diagram of the situation. You can use the Corollary 
to the Triangle Sum Theorem and the given relationship between the two acute 
angles to write and solve an equation to fi nd the measure of each acute angle.

3. Solve the Problem Let the measure of the smaller acute angle be x°. Then the 
measure of the larger acute angle is 2x°. The Corollary to the Triangle Sum 
Theorem states that the acute angles of a right triangle are complementary.

Use the corollary to set up and solve an equation.

x° + 2x° = 90°  Corollary to the Triangle Sum Theorem

x = 30  Solve for x.

 So, the measures of the acute angles are 30° and 2(30°) = 60°.

4. Look Back Add the two angles and check that their sum satisfi es the Corollary 
to the Triangle Sum Theorem.

 30° + 60° = 90° ✓

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

 3. Find the measure of ∠1. 4.  Find the measure of each acute angle.

  
40°

3x°

(5x − 10)°1
  

2x°

(x − 6)°

CorollaryCorollary
Corollary 5.1 Corollary to the Triangle Sum Theorem
The acute angles of a right triangle 
are complementary.

Proof Ex. 41, p. 237

A corollary to a theorem is a statement that can be proved easily using the theorem. 
The corollary below follows from the Triangle Sum Theorem.

m∠A + m∠B = 90°
A B

C

x°

2x°
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MONITORING PROGRESS 
ANSWERS

3. 65°
4. 64°, 26°

Extra Example 4
The measure of one acute angle of a right 
triangle is 1.5 times the measure of the 
other acute angle. Find the measure of 
each acute angle.  
36° and 54°

Teacher ActionsTeacher ActionsLaurie’s Notes
 Fact-First Questioning: “The acute angles of a right triangle are complementary. Explain 
why.” Listen for valid reasoning.

• Explain what a corollary is, and write the Corollary to the Triangle Sum Theorem.
• Think-Pair-Share: Have students answer Questions 3 and 4, and then share and discuss 

as a class.

ClosureClosure
• Response Logs: “I figured out that …”, or “What is confusing me the most is ….”

hscc_geo_te_0501.indd   235hscc_geo_te_0501.indd   235 2/12/15   3:01 PM2/12/15   3:01 PM

 Section 5.1 235

 Section 5.1  Angles of Triangles 235

 Modeling with Mathematics

In the painting, the red triangle is a right triangle. 
The measure of one acute angle in the triangle is 
twice the measure of the other. Find the measure 
of each acute angle.

SOLUTION

1. Understand the Problem You are given a 
right triangle and the relationship between the 
two acute angles in the triangle. You need to 
fi nd the measure of each acute angle.

2. Make a Plan First, sketch a diagram of the situation. You can use the Corollary 
to the Triangle Sum Theorem and the given relationship between the two acute 
angles to write and solve an equation to fi nd the measure of each acute angle.

3. Solve the Problem Let the measure of the smaller acute angle be x°. Then the 
measure of the larger acute angle is 2x°. The Corollary to the Triangle Sum 
Theorem states that the acute angles of a right triangle are complementary.

Use the corollary to set up and solve an equation.

x° + 2x° = 90°  Corollary to the Triangle Sum Theorem

x = 30  Solve for x.

 So, the measures of the acute angles are 30° and 2(30°) = 60°.

4. Look Back Add the two angles and check that their sum satisfi es the Corollary 
to the Triangle Sum Theorem.

 30° + 60° = 90° ✓

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

 3. Find the measure of ∠1. 4.  Find the measure of each acute angle.

  
40°

3x°

(5x − 10)°1
  

2x°

(x − 6)°

CorollaryCorollary
Corollary 5.1 Corollary to the Triangle Sum Theorem
The acute angles of a right triangle 
are complementary.

Proof Ex. 41, p. 237

A corollary to a theorem is a statement that can be proved easily using the theorem. 
The corollary below follows from the Triangle Sum Theorem.

m∠A + m∠B = 90°
A B

C

x°

2x°

hs_geo_pe_0501.indd   235 1/19/15   10:22 AM
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CONGRUENT POLYGONS (5.2) 
 
RIGID MOTIONS:  Translation, Reflection, Rotation 
 
EXPLORATION:  Describe a composition of rigid motions that maps triangle ABC to triangle DEF 
 

 
 
CONGRUENT TRIANGLES:  Triangles that are equal in shape and size. 

1. Corresponding Angles are Congruent. 
2. Corresponding Sides are Congruent. 

 

 
 
CONGRUENCE STATEMENT   __________ ___________ 
 
CORRESPONDING PARTS OF CONGRUENT TRIANGLES ARE CONGRUENT 
If corresponding parts of triangles are congruent, then the triangles are congruent. 
 
 
 
 
 

Dynamic Teaching Tools
Dynamic Assessment & Progress Monitoring Tool

Interactive Whiteboard Lesson Library

Lesson Planning Tool

Dynamic Classroom with Dynamic Investigations

Dynamic Teaching Tools
Dynamic Assessment & Progress Monitoring Tool

Interactive Whiteboard Lesson Library

Lesson Planning Tool

Dynamic Classroom with Dynamic Investigations
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5.2

 Describing Rigid Motions

Work with a partner. Of the four transformations you studied in Chapter 4, which 
are rigid motions? Under a rigid motion, why is the image of a triangle always 
congruent to the original triangle? Explain your reasoning.

Translation Reflection Rotation Dilation

 Finding a Composition of Rigid Motions

Work with a partner. Describe a composition of rigid motions that maps △ABC to 
△DEF. Use dynamic geometry software to verify your answer.

Communicate Your AnswerCommunicate Your Answer
 3. Given two congruent triangles, how can you use rigid motions to map one triangle 

to the other triangle? 

 4. The vertices of △ABC are A(1, 1), B(3, 2), and C(4, 4). The vertices of △DEF 
are D(2, −1), E(0, 0), and F(−1, 2). Describe a composition of rigid motions that 
maps △ABC to △DEF.

LOOKING FOR 
STRUCTURE

To be profi cient in math, 
you need to look closely 
to discern a pattern 
or structure.

Essential QuestionEssential Question Given two congruent triangles, how can you use 
rigid motions to map one triangle to the other triangle?

Congruent Polygons

0

1

2

3

−1

−1

−2

−3

−2−3−4 0 1 2

A

C

E

D

F

B
3 4 5

a. △ABC ≅ △DEF b. △ABC ≅ △DEF

 

c. △ABC ≅ △DEF d. △ABC ≅ △DEF

 

0

1

2

3

−1

−1

−2

−3

−2−3−4 0 1 2

A

C

E

D

F

B
3 4 5

0

1

2

3

−1

−1

−2

−3

−2−3−4 0 1 2

A

C

E
D

F

B
3 4 5

0

1

2

3

−1

−1

−2

−3

−2−3−4 0 1 2

A

C

E
D

FB
3 4 5
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ANSWERS
1. translation, refl ection, rotation; A 

rigid motion maps each part of a 
fi gure to a corresponding part of 
its image. Because rigid motions 
preserve length and angle measure, 
corresponding parts of a fi gure and 
its image are congruent. In triangles, 
this means that the corresponding 
sides and corresponding angles are 
congruent, which is suffi cient to say 
that the triangles are congruent.

2. a. Sample answer: a translation 
3 units right followed by a 
refl ection in the x-axis

  b. Sample answer: a 180° rotation 
about the origin

  c. Sample answer: a 270° 
counterclockwise rotation 
about the origin followed by a 
translation 3 units down

  d. Sample answer: a 270° 
clockwise rotation about the 
origin followed by a refl ection in 
the y-axis

 3. Look at the orientation of the 
original triangle and decide which 
rigid motion or composition of 
rigid motions will result in the same 
orientation as the second triangle. 
Then, if necessary, use a translation 
to move the fi rst triangle so that it 
coincides with the second. 

 4. Sample answer: a refl ection in the 
y-axis followed by a translation 
3 units right and 2 units down
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5.2 Lesson What You Will LearnWhat You Will Learn
 Identify and use corresponding parts.

 Use the Third Angles Theorem.

Identifying and Using Corresponding Parts
Recall that two geometric fi gures are congruent if and only if a rigid motion or a 
composition of rigid motions maps one of the fi gures onto the other. A rigid motion 
maps each part of a fi gure to a corresponding part of its image. Because rigid 
motions preserve length and angle measure, corresponding parts of congruent fi gures 
are congruent. In congruent polygons, this means that the corresponding sides and the 
corresponding angles are congruent. 

When △DEF is the image of △ABC after a rigid motion or a composition of rigid 
motions, you can write congruence statements for the corresponding angles and 
corresponding sides.

A

B

C D

E

F

 Corresponding angles Corresponding sides
∠A ≅ ∠D, ∠B ≅ ∠E, ∠C ≅ ∠F  — AB   ≅  — DE  ,   — BC   ≅  — EF  ,   — AC   ≅  — DF  

When you write a congruence statement for two polygons, always list the 
corresponding vertices in the same order. You can write congruence statements in 
more than one way. Two possible congruence statements for the triangles above are 
△ABC ≅ △DEF or △BCA ≅ △EFD.

When all the corresponding parts of two triangles are congruent, you can show that the 
triangles are congruent. Using the triangles above, fi rst translate △ABC so that point A 
maps to point D. This translation maps △ABC to △DB′C′. Next, rotate △DB′C′
counterclockwise through ∠C′DF so that the image of  $$$$⃗ DC′  coincides with  $$$⃗ DF .
Because  — DC′   ≅   —  — DF    , the rotation maps point C′ to point F. So, this rotation maps 
△DB′C′ to △DB″F. 

Now, refl ect △DB″F in the line through points D and F. This refl ection maps the sides 
and angles of △DB″F to the corresponding sides and corresponding angles of △DEF, 
so △ABC ≅ △DEF.

So, to show that two triangles are congruent, it is suffi cient to show that their 
corresponding parts are congruent. In general, this is true for all polygons.

 Identifying Corresponding Parts

Write a congruence statement for the triangles. 
Identify all pairs of congruent corresponding parts.

SOLUTION

The diagram indicates that △JKL ≅ △TSR.

Corresponding angles ∠J ≅ ∠T, ∠K ≅ ∠S, ∠L ≅ ∠R

Corresponding sides  — JK   ≅  — TS  ,  — KL   ≅  — SR  ,  — LJ   ≅  — RT  

STUDY TIP
Notice that both of the 
following statements 
are true.

1.  If two triangles are 
congruent, then all 
their corresponding 
parts are congruent. 

2.  If all the corresponding 
parts of two triangles 
are congruent, then the 
triangles are congruent.

VISUAL REASONING
To help you identify 
corresponding parts, 
rotate △TSR.

L

J

K

R

T

S

corresponding parts, p. 240

Previous
congruent fi gures

Core VocabularyCore Vocabullarry

A

B

C D

E

F

B′

B″
C′

D

E

F

D D

E E

F F

L

J

K

R

T

S
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English Language Learners

Visual Aid
Create a poster to display 
corresponding parts of two congruent 
triangles and several true congruence 
statements using various orders for 
the vertices of the triangles. Use color 
to indicate corresponding parts of the 
triangles and congruence statements.

Extra Example 1
Write a congruence statement for the 
triangles. Identify all pairs of congruent 
corresponding parts.

PM

N

Z Y

X

△MNP ≅ △YXZ; ∠N ≅ ∠X, ∠P ≅ ∠Z, 
∠M ≅ ∠Y,  — MN   ≅   — YX  ,  — NP   ≅   — XZ  ,
 — PM   ≅   — ZY  

Teacher ActionsTeacher ActionsLaurie’s Notes
 Probing Questions: “What does it mean for two objects to be congruent?” Answers will 
vary. “What does it mean for two polygons to be congruent?” Answers will vary. Draw and 
label two congruent triangles. “What does it mean for two triangles to be congruent?” Students 
should make a list (i.e., corresponding parts) of what would be true.

• MP3 Construct Viable Arguments and Critique the Reasoning of Others and Turn 
and Talk: “How could rigid motions be used to show that two triangles are congruent?” Listen 
for valid reasoning. Discuss notation and marking diagrams of congruent polygons.
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≅



 
CONGRUENT TRIANGLES:  Triangles that are equal in shape and size. 

1. Corresponding Angles are Congruent. 
2. Corresponding Sides are Congruent. 

 
CORRESPONDING PARTS OF CONGRUENT TRIANGLES ARE CONGRUENT 
If corresponding parts of triangles are congruent, then the triangles are congruent. 
________________________________________________________________________________   
‘ 
PRACTICE:  Write a congruence statement for the triangles.  Identify all pairs for congruent corresponding   
parts. 
 

  _________ ________ 
 
Corresponding Angles    Corresponding Sides 
 
_________ ________   _________ ________ 
 
_________ ________   _________ ________ 
 
_________ ________   _________ ________ 
 
__________________________________________________________________________________  
FINDING MISSING ANGLES OR SIDES LENGTHS OF CONGRUENT TRIANGLES. 

 
 
 
PRACTICE:   Find the value of x and y. 

1.   2.  
 
 
 
 
 
 
 
HW5.2; 1, 2, 3, 11, 13, 16, 17, 23, 24  (Draw Diagrams and Show work for all problems)  
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5.2 Lesson What You Will LearnWhat You Will Learn
 Identify and use corresponding parts.

 Use the Third Angles Theorem.

Identifying and Using Corresponding Parts
Recall that two geometric fi gures are congruent if and only if a rigid motion or a 
composition of rigid motions maps one of the fi gures onto the other. A rigid motion 
maps each part of a fi gure to a corresponding part of its image. Because rigid 
motions preserve length and angle measure, corresponding parts of congruent fi gures 
are congruent. In congruent polygons, this means that the corresponding sides and the 
corresponding angles are congruent. 

When △DEF is the image of △ABC after a rigid motion or a composition of rigid 
motions, you can write congruence statements for the corresponding angles and 
corresponding sides.
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B

C D
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F

 Corresponding angles Corresponding sides
∠A ≅ ∠D, ∠B ≅ ∠E, ∠C ≅ ∠F  — AB   ≅  — DE  ,   — BC   ≅  — EF  ,   — AC   ≅  — DF  

When you write a congruence statement for two polygons, always list the 
corresponding vertices in the same order. You can write congruence statements in 
more than one way. Two possible congruence statements for the triangles above are 
△ABC ≅ △DEF or △BCA ≅ △EFD.

When all the corresponding parts of two triangles are congruent, you can show that the 
triangles are congruent. Using the triangles above, fi rst translate △ABC so that point A 
maps to point D. This translation maps △ABC to △DB′C′. Next, rotate △DB′C′
counterclockwise through ∠C′DF so that the image of  $$$$⃗ DC′  coincides with  $$$⃗ DF .
Because  — DC′   ≅   —  — DF    , the rotation maps point C′ to point F. So, this rotation maps 
△DB′C′ to △DB″F. 

Now, refl ect △DB″F in the line through points D and F. This refl ection maps the sides 
and angles of △DB″F to the corresponding sides and corresponding angles of △DEF, 
so △ABC ≅ △DEF.

So, to show that two triangles are congruent, it is suffi cient to show that their 
corresponding parts are congruent. In general, this is true for all polygons.

 Identifying Corresponding Parts

Write a congruence statement for the triangles. 
Identify all pairs of congruent corresponding parts.
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The diagram indicates that △JKL ≅ △TSR.

Corresponding angles ∠J ≅ ∠T, ∠K ≅ ∠S, ∠L ≅ ∠R
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Notice that both of the 
following statements 
are true.
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congruent, then all 
their corresponding 
parts are congruent. 
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parts of two triangles 
are congruent, then the 
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English Language Learners

Visual Aid
Create a poster to display 
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to indicate corresponding parts of the 
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△MNP ≅ △YXZ; ∠N ≅ ∠X, ∠P ≅ ∠Z, 
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vary. “What does it mean for two polygons to be congruent?” Answers will vary. Draw and 
label two congruent triangles. “What does it mean for two triangles to be congruent?” Students 
should make a list (i.e., corresponding parts) of what would be true.

• MP3 Construct Viable Arguments and Critique the Reasoning of Others and Turn 
and Talk: “How could rigid motions be used to show that two triangles are congruent?” Listen 
for valid reasoning. Discuss notation and marking diagrams of congruent polygons.
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 Using Properties of Congruent Figures

In the diagram, DEFG ≅ SPQR.

a. Find the value of x.

b. Find the value of y.

SOLUTION

a. You know that  — FG   ≅  — QR  . b. You know that ∠F ≅ ∠Q.

 FG = QR m∠F = m∠Q

 12 = 2x − 4 68° = (6y + x)°

 16 = 2x 68 = 6y + 8

 8 = x 10 = y

 Showing That Figures Are Congruent

You divide the wall into orange and blue 
sections along  — JK  . Will the sections of the
wall be the same size and shape? Explain.

SOLUTION
From the diagram, ∠A ≅ ∠C and ∠D ≅ ∠B 
because all right angles are congruent. Also, 
by the Lines Perpendicular to a Transversal 
Theorem (Thm. 3.12),   — AB   #  — DC  . Then ∠1 ≅ ∠4 and ∠2 ≅ ∠3 by the Alternate 
Interior Angles Theorem (Thm. 3.2). So, all pairs of corresponding angles are 
congruent. The diagram shows  — AJ   ≅  — CK  ,  — KD   ≅  — JB  , and  — DA   ≅  — BC  . By the Refl exive 
Property of Congruence (Thm. 2.1),  — JK   ≅  — KJ  . So, all pairs of corresponding sides are 
congruent. Because all corresponding parts are congruent, AJKD ≅ CKJB.

 Yes, the two sections will be the same size and shape.

Monitoring Progress Help in English and Spanish at BigIdeasMath.com

In the diagram, ABGH ≅ CDEF.

 1. Identify all pairs of congruent 
corresponding parts.

 2. Find the value of x.

 3. In the diagram at the left, show that △ PTS ≅ △ RTQ. 

TheoremTheorem
Theorem 5.3 Properties of Triangle Congruence
Triangle congruence is refl exive, symmetric, and transitive.

Refl exive  For any triangle △ ABC, △ ABC ≅ △ ABC.

Symmetric If △ ABC ≅ △ DEF, then △ DEF ≅ △ ABC.

Transitive  If △ ABC ≅ △ DEF and △ DEF ≅ △ JKL, then △ ABC ≅ △ JKL.

Proof BigIdeasMath.com

G

D E

F P
S

RQ

84°

102°

68°
12 ft

8 ft (2x − 4) ft
(6y + x)°

A B

CD
K

J
1 2

3 4

Y
s
w

S
F
b
b
T
I
c
P
c

MM

S R
T

QP

G E
D

C
F

H

A B
105°

75°
(4x + 5)°

STUDY TIP
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MONITORING PROGRESS 
ANSWERS

1. corresponding angles: ∠A ≅ ∠C, 
∠B ≅ ∠D, ∠G ≅ ∠E, ∠H ≅ ∠F; 
corresponding sides:  — AB  ≅  — CD , 
 — BG  ≅  — DE ,  — GH  ≅  — EF ,  — AH  ≅  — CF 

 2. x = 25
 3. From the diagram,  — PS   ≅  — RQ  , 

 — PT   ≅  — RT  , and  — ST   ≅  — QT  . Also, by the 
Vertical Angles Congruence Theorem 
(Thm. 2.6), ∠PTS ≅ ∠RTQ. Fom 
the diagram,  — PS   #  — RQ  , and 
∠P ≅ ∠R and ∠S ≅ ∠Q by 
the Alternate Interior Angles 
Theorem (Thm. 3.2). Because all 
corresponding parts are congruent, 
△ PTS ≅ △ RTQ.

Extra Example 2
In the diagram, DEFG ≅ QMNP.

G
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F M
Q
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84°

102°

68°
12 ft

8 ft

(x − 2) ft
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a. Find the value of x. 10
b. Find the value of y. 27

Extra Example 3
Show that △ ABD ≅ △ CDB. Explain your 
reasoning.

A B

CD

From the diagram,  — AB   ≅  — CD   and
 — AD   ≅  — BC  . By the Reflexive Property 
of Congruence (Thm. 2.1),  — BD   ≅  — DB  . 
So, all pairs of corresponding sides are 
congruent. From the diagram, ∠A ≅ ∠C 
and ∠ABD ≅ ∠CDB. Because   — AD   #  — BC  , 
∠ADB ≅ ∠CBD by the Alternate Interior 
Angles Theorem (Thm. 3.2). So, all pairs 
of corresponding angles are congruent. 
Because all corresponding parts are 
congruent, △ ABD ≅ △ CDB.

Teacher ActionsTeacher ActionsLaurie’s Notes
 Extension: “Is there another way to write the congruence statement for DEFG ≅ SPQR? 
Explain.” yes; EFGD ≅ PQRS, as long as the corresponding vertices are in the same order.

 Fact-First Questioning: “The Reflexive, Symmetric, and Transitive Properties can be 
applied to triangle congruence. Explain what this means and why it is true.” Listen for correct 
statements and valid reasoning. 

• Write the Properties of Triangle Congruence.
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 Using Properties of Congruent Figures

In the diagram, DEFG ≅ SPQR.

a. Find the value of x.

b. Find the value of y.

SOLUTION

a. You know that  — FG   ≅  — QR  . b. You know that ∠F ≅ ∠Q.

 FG = QR m∠F = m∠Q

 12 = 2x − 4 68° = (6y + x)°

 16 = 2x 68 = 6y + 8

 8 = x 10 = y

 Showing That Figures Are Congruent

You divide the wall into orange and blue 
sections along  — JK  . Will the sections of the
wall be the same size and shape? Explain.

SOLUTION
From the diagram, ∠A ≅ ∠C and ∠D ≅ ∠B 
because all right angles are congruent. Also, 
by the Lines Perpendicular to a Transversal 
Theorem (Thm. 3.12),   — AB   #  — DC  . Then ∠1 ≅ ∠4 and ∠2 ≅ ∠3 by the Alternate 
Interior Angles Theorem (Thm. 3.2). So, all pairs of corresponding angles are 
congruent. The diagram shows  — AJ   ≅  — CK  ,  — KD   ≅  — JB  , and  — DA   ≅  — BC  . By the Refl exive 
Property of Congruence (Thm. 2.1),  — JK   ≅  — KJ  . So, all pairs of corresponding sides are 
congruent. Because all corresponding parts are congruent, AJKD ≅ CKJB.

 Yes, the two sections will be the same size and shape.
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In the diagram, ABGH ≅ CDEF.

 1. Identify all pairs of congruent 
corresponding parts.

 2. Find the value of x.

 3. In the diagram at the left, show that △ PTS ≅ △ RTQ. 

TheoremTheorem
Theorem 5.3 Properties of Triangle Congruence
Triangle congruence is refl exive, symmetric, and transitive.

Refl exive  For any triangle △ ABC, △ ABC ≅ △ ABC.

Symmetric If △ ABC ≅ △ DEF, then △ DEF ≅ △ ABC.

Transitive  If △ ABC ≅ △ DEF and △ DEF ≅ △ JKL, then △ ABC ≅ △ JKL.
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