
 
EQUILATERAL AND ISOSCELES TRIANGLE (5.4) 
 
SUMMARY 
 
TRIANGLE ANGLE SUM THEOREM:  The sum of the measure of the interior angles of a triangle is 180. 
 
EXTERIOR ANGLE THEOREM:  The measure of an exterior angle equals the sum of the measure of the 

remote interior angles. 

 
______________________________________________________________________________________  
TRIANGLE ANGLE SUM THEOREM:  The sum of the measure of the interior angles of a triangle is 180. 
 
COROLLARY:  A statement that can be proved easily by applying a theorem 
 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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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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
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EQUILATERAL AND ISOSCELES TRIANGLE (5.4) 
 
ISOSCELES TRIANGLE 

 
 
ISOSCELES TRIANGLE THEOREM      (Base Angle Theorem) 
If two sides of a triangle are congruent, then the angles opposite them are congruent. 
 

    
 
COROLLARY TO ISOSCELES TRIANGLE THEOREM 
If a triangle is equilateral, then it’s equiangular 
 

      
 
CONVERSE OF ISOSCELES TRIANGLE THEOREM  (Converse of Base Angle Theorem) 
If two angles of a triangle are congruent, then the sides opposite them are congruent. 
 

  
 
PRACTICE 

   3.  
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5.4 Lesson

 Base Angles Theorem

Given  — AB   ≅  — AC     

Prove ∠B ≅ ∠C

a. Draw  — AD   so that it bisects ∠CAB.

b. Use the SAS Congruence Theorem to show that △ADB ≅ △ADC.

c. Use properties of congruent triangles to show that ∠B ≅ ∠C.

STATEMENTS REASONS

a. 1. Draw  — AD  , the angle 
bisector of ∠CAB.

1. Construction of angle bisector

2. ∠CAD ≅ ∠BAD 2. Defi nition of angle bisector

3. — AB   ≅  — AC  3. Given

4.  — DA   ≅  — DA  4. Refl exive Property of Congruence (Thm. 2.1)

b. 5. △ADB ≅ △ADC 5. SAS Congruence Theorem (Thm. 5.5)

c. 6. ∠B ≅ ∠C 6. Corresponding parts of congruent triangles 
are congruent.

Plan 
for 

Proof

Plan 
in 

Action

legs, p. 252
vertex angle, p. 252
base, p. 252
base angles, p. 252

Core VocabularyCore Vocabullarry

TheoremsTheorems
Theorem 5.6 Base Angles Theorem
If two sides of a triangle are congruent, then the angles 
opposite them are congruent.

If  — AB   ≅  — AC  , then ∠B ≅ ∠C.

Proof p. 252

Theorem 5.7 Converse of the Base Angles Theorem
If two angles of a triangle are congruent, then the sides 
opposite them are congruent.

If ∠B ≅ ∠C, then  — AB   ≅  — AC  .

Proof Ex. 27, p. 275

What You Will LearnWhat You Will Learn
 Use the Base Angles Theorem.

 Use isosceles and equilateral triangles.

Using the Base Angles Theorem
A triangle is isosceles when it has at least two congruent 
sides. When an isosceles triangle has exactly two congruent 
sides, these two sides are the legs. The angle formed by the 
legs is the vertex angle. The third side is the base of the 
isosceles triangle. The two angles adjacent to the base are 
called base angles.

base
angles

vertex angle

base

leg leg

A

B C

A

B C

A D

B

C
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Differentiated Instruction

Kinesthetic
Have each student draw and cut out a 
large isosceles triangle and label the 
points. Have students fold the triangle 
so that the congruent sides coincide, 
and then identify the base, legs, base 
angles, and vertex angle. 

Teacher ActionsTeacher ActionsLaurie’s Notes
• Discuss the definition and vocabulary associated with an isosceles triangle.

 Always-Sometimes-Never True: “An equilateral triangle is an isosceles triangle.” always 
true

• Discuss a plan for proving the Base Angles Theorem. Give students time to try the proof on
their own before discussing as a class. Discuss what the proof would look like if rigid motions 
were used.

• Common Misconception: Be sure students understand that there is more than one order in 
which the steps of a proof can be written.
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Differentiated Instruction

Kinesthetic
Have each student draw and cut out a 
large isosceles triangle and label the 
points. Have students fold the triangle 
so that the congruent sides coincide, 
and then identify the base, legs, base 
angles, and vertex angle. 
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• Discuss the definition and vocabulary associated with an isosceles triangle.
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• Discuss a plan for proving the Base Angles Theorem. Give students time to try the proof on
their own before discussing as a class. Discuss what the proof would look like if rigid motions 
were used.

• Common Misconception: Be sure students understand that there is more than one order in 
which the steps of a proof can be written.
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Differentiated Instruction

Kinesthetic
Have each student draw and cut out a 
large isosceles triangle and label the 
points. Have students fold the triangle 
so that the congruent sides coincide, 
and then identify the base, legs, base 
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 Always-Sometimes-Never True: “An equilateral triangle is an isosceles triangle.” always 
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 Section 5.4  Equilateral and Isosceles Triangles 253

 Using the Base Angles Theorem

In △DEF,  — DE   ≅  — DF  . Name two congruent angles.

E D

F

SOLUTION

  — DE   ≅  — DF  , so by the Base Angles Theorem, ∠E ≅ ∠F.

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

Copy and complete the statement.

 1. If   — HG   ≅  — HK  , then ∠    ≅ ∠   .

 2. If ∠KHJ ≅ ∠KJH, then     ≅    .   

Recall that an equilateral triangle has three congruent sides.

CorollariesCorollaries
Corollary 5.2  Corollary to the Base Angles Theorem
If a triangle is equilateral, then it is equiangular.

Proof Ex. 37, p. 258; Ex. 10, p. 353

Corollary 5.3  Corollary to the Converse 
of the Base Angles Theorem

If a triangle is equiangular, then it is equilateral.

Proof Ex. 39, p. 258

READING
The corollaries state that a 
triangle is equilateral if and 
only if it is equiangular.

 Finding Measures in a Triangle

Find the measures of ∠P, ∠Q, and ∠R.

SOLUTION
The diagram shows that △PQR is equilateral. So, by 
the Corollary to the Base Angles Theorem, △PQR is 
equiangular. So, m∠P =  m∠Q =  m∠R.

 3(m∠P) =  180° Triangle Sum Theorem (Theorem 5.1)

 m∠P =  60°  Divide each side by 3.

 The measures of ∠P, ∠Q, and ∠R are all 60°.

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

 3. Find the length of  — ST   for the triangle at the left. 

G JK

H

A

B C

P

Q

R

T

5

S

U
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MONITORING PROGRESS 
ANSWERS

1. HGK, HKG
2. — KH  ,  — KJ  
3. 5

Extra Example 1
In the figure, ∠A ≅ ∠B. Name two 
congruent sides. 

AB

C

  — AC   ≅   — BC  

Extra Example 2
Find the value of x. 

S

TR
2x°

 x =  30

English Language Learners

Notebook Development
Have students record the theorems and 
corollaries on pages 252 and 253 in 
their notebooks. For each statement, 
include a sketch and an example.

Teacher ActionsTeacher ActionsLaurie’s Notes
• You could change Example 1. Have students draw an isosceles triangle. Mark the congruent 

angles. Have students name the congruent sides.
 “If a conditional statement is true, then is its converse true?” not always

• Write the two corollaries. Explain that they could be combined into one statement called a 
biconditional.

• Response Logs: “Right now I know …”
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Plan 
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Core VocabularyCore Vocabullarry

TheoremsTheorems
Theorem 5.6 Base Angles Theorem
If two sides of a triangle are congruent, then the angles 
opposite them are congruent.

If  — AB   ≅  — AC  , then ∠B ≅ ∠C.

Proof p. 252

Theorem 5.7 Converse of the Base Angles Theorem
If two angles of a triangle are congruent, then the sides 
opposite them are congruent.

If ∠B ≅ ∠C, then  — AB   ≅  — AC  .

Proof Ex. 27, p. 275

What You Will LearnWhat You Will Learn
 Use the Base Angles Theorem.

 Use isosceles and equilateral triangles.

Using the Base Angles Theorem
A triangle is isosceles when it has at least two congruent 
sides. When an isosceles triangle has exactly two congruent 
sides, these two sides are the legs. The angle formed by the 
legs is the vertex angle. The third side is the base of the 
isosceles triangle. The two angles adjacent to the base are 
called base angles.

base
angles

vertex angle

base

leg leg

A

B C

A

B C

A D

B

C

hs_geo_pe_0504.indd   252 1/19/15   10:29 AM

Differentiated Instruction

Kinesthetic
Have each student draw and cut out a 
large isosceles triangle and label the 
points. Have students fold the triangle 
so that the congruent sides coincide, 
and then identify the base, legs, base 
angles, and vertex angle. 

Teacher ActionsTeacher ActionsLaurie’s Notes
• Discuss the definition and vocabulary associated with an isosceles triangle.

 Always-Sometimes-Never True: “An equilateral triangle is an isosceles triangle.” always 
true

• Discuss a plan for proving the Base Angles Theorem. Give students time to try the proof on
their own before discussing as a class. Discuss what the proof would look like if rigid motions 
were used.

• Common Misconception: Be sure students understand that there is more than one order in 
which the steps of a proof can be written.
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called base angles.
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Differentiated Instruction

Kinesthetic
Have each student draw and cut out a 
large isosceles triangle and label the 
points. Have students fold the triangle 
so that the congruent sides coincide, 
and then identify the base, legs, base 
angles, and vertex angle. 

Teacher ActionsTeacher ActionsLaurie’s Notes
• Discuss the definition and vocabulary associated with an isosceles triangle.

 Always-Sometimes-Never True: “An equilateral triangle is an isosceles triangle.” always 
true

• Discuss a plan for proving the Base Angles Theorem. Give students time to try the proof on
their own before discussing as a class. Discuss what the proof would look like if rigid motions 
were used.

• Common Misconception: Be sure students understand that there is more than one order in 
which the steps of a proof can be written.
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 Using the Base Angles Theorem

In △DEF,  — DE   ≅  — DF  . Name two congruent angles.

E D

F

SOLUTION

  — DE   ≅  — DF  , so by the Base Angles Theorem, ∠E ≅ ∠F.

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

Copy and complete the statement.

 1. If   — HG   ≅  — HK  , then ∠    ≅ ∠   .

 2. If ∠KHJ ≅ ∠KJH, then     ≅    .   

Recall that an equilateral triangle has three congruent sides.

CorollariesCorollaries
Corollary 5.2  Corollary to the Base Angles Theorem
If a triangle is equilateral, then it is equiangular.

Proof Ex. 37, p. 258; Ex. 10, p. 353

Corollary 5.3  Corollary to the Converse 
of the Base Angles Theorem

If a triangle is equiangular, then it is equilateral.

Proof Ex. 39, p. 258

READING
The corollaries state that a 
triangle is equilateral if and 
only if it is equiangular.

 Finding Measures in a Triangle

Find the measures of ∠P, ∠Q, and ∠R.

SOLUTION
The diagram shows that △PQR is equilateral. So, by 
the Corollary to the Base Angles Theorem, △PQR is 
equiangular. So, m∠P =  m∠Q =  m∠R.

 3(m∠P) =  180° Triangle Sum Theorem (Theorem 5.1)

 m∠P =  60°  Divide each side by 3.

 The measures of ∠P, ∠Q, and ∠R are all 60°.

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

 3. Find the length of  — ST   for the triangle at the left. 
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MONITORING PROGRESS 
ANSWERS

1. HGK, HKG
2. — KH  ,  — KJ  
3. 5

Extra Example 1
In the figure, ∠A ≅ ∠B. Name two 
congruent sides. 

AB

C

  — AC   ≅   — BC  

Extra Example 2
Find the value of x. 

S

TR
2x°

 x =  30

English Language Learners

Notebook Development
Have students record the theorems and 
corollaries on pages 252 and 253 in 
their notebooks. For each statement, 
include a sketch and an example.

Teacher ActionsTeacher ActionsLaurie’s Notes
• You could change Example 1. Have students draw an isosceles triangle. Mark the congruent 

angles. Have students name the congruent sides.
 “If a conditional statement is true, then is its converse true?” not always

• Write the two corollaries. Explain that they could be combined into one statement called a 
biconditional.

• Response Logs: “Right now I know …”

hscc_geo_te_0504.indd   253hscc_geo_te_0504.indd   253 2/12/15   3:03 PM2/12/15   3:03 PM

254 Chapter 5

254 Chapter 5  Congruent Triangles

 Using Isosceles and Equilateral Triangles

Find the values of x and y in the diagram.

K

N M

L
4

y x +  1

SOLUTION

Step 1 Find the value of y. Because △KLN is equiangular, it is also equilateral and — KN   ≅  — KL  . So, y =  4.

Step 2 Find the value of x. Because ∠LNM ≅ ∠LMN,  — LN   ≅  — LM  , and △LMN is 
isosceles. You also know that LN =  4 because △KLN is equilateral.

 LN =  LM Defi nition of congruent segments

 4 =  x +  1 Substitute 4 for LN and x +  1 for LM.

 3 =  x  Subtract 1 from each side.

COMMON ERROR
You cannot use N to refer 
to ∠LNM because three 
angles have N as 
their vertex.

Step 1 Step 2 Step 3 Step 4

A B A B A B

C

A B

C

Copy a segment Copy  — AB  . Draw an arc Draw an 
arc with center A and 
radius AB.

Draw an arc Draw an arc 
with center B and radius 
AB. Label the intersection 
of the arcs from Steps 2 
and 3 as C.

Draw a triangle Draw 
△ABC. Because  — AB   and  — AC   are radii of the same 
circle,  — AB   ≅  — AC  . Because  — AB   and  — BC   are radii of the 
same circle,  — AB   ≅  — BC  . By 
the Transitive Property of 
Congruence (Theorem 2.1),  — AC   ≅  — BC  . So, △ABC is 
equilateral.

Using Isosceles and Equilateral Triangles

 Constructing an Equilateral Triangle

Construct an equilateral triangle that has side lengths congruent to  — AB  . Use a 
compass and straightedge.

A B

SOLUTION
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Extra Example 3
Find the values of x and y. 

4y

28

28
2x°

 x =  15, y =  7

Teacher ActionsTeacher ActionsLaurie’s Notes
• Have students do the construction of the equilateral triangle. Ask, “How would you construct 

an isosceles triangle that is not equilateral?” Listen for correct reasoning. If time permits, have 
students construct equilateral and isosceles triangles using construction software.

• Turn and Talk: Pose the problem in Example 3. “How can you solve for x and y in this 
diagram?” Give partners time to work through the problem. Use Popsicle Sticks to solicit 
solutions.

• MP3: Have students critique the reasoning used by their peers.
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 Using Isosceles and Equilateral Triangles

Find the values of x and y in the diagram.

K

N M

L
4

y x +  1

SOLUTION

Step 1 Find the value of y. Because △KLN is equiangular, it is also equilateral and — KN   ≅  — KL  . So, y =  4.

Step 2 Find the value of x. Because ∠LNM ≅ ∠LMN,  — LN   ≅  — LM  , and △LMN is 
isosceles. You also know that LN =  4 because △KLN is equilateral.

 LN =  LM Defi nition of congruent segments

 4 =  x +  1 Substitute 4 for LN and x +  1 for LM.

 3 =  x  Subtract 1 from each side.

COMMON ERROR
You cannot use N to refer 
to ∠LNM because three 
angles have N as 
their vertex.

Step 1 Step 2 Step 3 Step 4

A B A B A B

C

A B

C

Copy a segment Copy  — AB  . Draw an arc Draw an 
arc with center A and 
radius AB.

Draw an arc Draw an arc 
with center B and radius 
AB. Label the intersection 
of the arcs from Steps 2 
and 3 as C.

Draw a triangle Draw 
△ABC. Because  — AB   and  — AC   are radii of the same 
circle,  — AB   ≅  — AC  . Because  — AB   and  — BC   are radii of the 
same circle,  — AB   ≅  — BC  . By 
the Transitive Property of 
Congruence (Theorem 2.1),  — AC   ≅  — BC  . So, △ABC is 
equilateral.

Using Isosceles and Equilateral Triangles

 Constructing an Equilateral Triangle

Construct an equilateral triangle that has side lengths congruent to  — AB  . Use a 
compass and straightedge.

A B

SOLUTION
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Extra Example 3
Find the values of x and y. 

4y

28

28
2x°

 x =  15, y =  7

Teacher ActionsTeacher ActionsLaurie’s Notes
• Have students do the construction of the equilateral triangle. Ask, “How would you construct 

an isosceles triangle that is not equilateral?” Listen for correct reasoning. If time permits, have 
students construct equilateral and isosceles triangles using construction software.

• Turn and Talk: Pose the problem in Example 3. “How can you solve for x and y in this 
diagram?” Give partners time to work through the problem. Use Popsicle Sticks to solicit 
solutions.

• MP3: Have students critique the reasoning used by their peers.
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 Solving a Multi-Step Problem

In the lifeguard tower,  — PS   ≅  — QR   and ∠QPS ≅ ∠PQR.

P QP Q
1 2

43

RS

TT

a. Explain how to prove that △QPS ≅ △PQR.

b. Explain why △PQT is isosceles.

SOLUTION

a. Draw and label △QPS and △PQR so that they do not overlap. You can see that 
 — PQ   ≅  — QP  ,  — PS   ≅  — QR  , and ∠QPS ≅ ∠PQR. So, by the SAS Congruence Theorem 
(Theorem 5.5), △QPS ≅ △PQR.

P Q

S

T T

P Q

R

2

3

1

4

b. From part (a), you know that ∠1 ≅ ∠2 because corresponding parts of congruent 
 triangles are congruent. By the Converse of the Base Angles Theorem,  — PT   ≅  — QT  , 

and △PQT is isosceles.

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

 4. Find the values of x and y in the diagram.

y° x°

 5. In Example 4, show that △PTS ≅ △QTR. 

COMMON ERROR
When you redraw the 
triangles so that they do 
not overlap, be careful to 
copy all given information 
and labels correctly.
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MONITORING PROGRESS 
ANSWERS

4. x =  60, y =  120
5. From Example 4, you know that  — PT   ≅   — QT   and ∠1 ≅ ∠2.

It is stated that  — PS   ≅  —  QR   and 
∠QPS ≅ ∠PQR. By the defi nition of 
congruent angles, m∠1 =  m∠2 and 
m∠QPS =  m∠PQR. Also, by the 
Angle Addition Postulate (Post. 1.4), 
m∠1 +  m∠TPS =  m∠QPS and 
m∠2 +  m∠TQR =  m∠PQR. By 
substituting m∠1 for m∠2 and 
m∠QPS for m∠PQR, you get 
m∠1 +  m∠TQR =  m∠QPS. 
Then, by the Transitive Property 
of Equality, m∠1 +  m∠TPS =
m∠1 +  m∠TQR. So, by the 
Subtraction Property of Equality, 
m∠TPS =  m∠TQR. Because
∠TPS ≅ ∠TQR by the defi nition of 
congruent angles, you can conclude 
that △PTS ≅ △QTR by the SAS 
Congruence Theorem (Thm. 5.5). 

Extra Example 4
In the diagram,  — PT   ≅   — ST   and   — PQ   ≅  —  SR  .

P Q R S

T

a. Explain how to prove that 
△PQT ≅ △SRT. 
Given:  — PQ   ≅   — SR  . Because   — PT   ≅   — ST  , 
△PTS is an isosceles triangle. By the 
Base Angles Theorem (Thm. 5.6), 
∠P ≅ ∠S. So, △PQT ≅ △SRT by 
SAS ≅ Theorem (Thm. 5.5). 

b. Explain why △QRT is isosceles.  
From part (a),  — TQ   ≅   — TR   because 
corresponding parts of ≅ △s are ≅. 
So △QRT is isosceles by definition.

Teacher ActionsTeacher ActionsLaurie’s Notes
• Teaching Tip: When triangles overlap in a diagram, it is helpful to make a new diagram with 

the triangles not overlapping. Referencing angles by numbers versus three letters is easier to see 
and say.

• Discuss the plan for the solution, and then have students work independently to write a solution.

ClosureClosure
• Response Logs: Select from “When I am writing a proof …” or “Tomorrow I need to find 

out …” or “I wish I could ….”
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