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Mathematical Mathematical 
PracticesPractices
Lines, Rays, and Segments in Triangles

Mathematically profi cient students use technological tools to explore concepts.

Monitoring ProgressMonitoring Progress
Refer to the fi gures at the top of the page to describe each type of line, ray, or 
segment in a triangle.

 1. perpendicular bisector 2. angle bisector 3. median

 4. altitude 5. midsegment

 Drawing a Perpendicular Bisector

Use dynamic geometry software to construct the perpendicular bisector of one of the sides 
of the triangle with vertices A(−1, 2), B(5, 4), and C(4, −1). Find the lengths of the two 
segments of the bisected side.

SOLUTION
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 The two segments of the bisected side have the same length, AD = CD = 2.92 units.

Lines, Rays, and Segments in Triangles

  

Perpendicular Bisector Angle Bisector Median

  
 Altitude Midsegment

Core Core ConceptConcept

Sample
Points
A(−1, 2)
B(5, 4)
C(4, −1)

Line
−5x + 3y = −6
Segments
AD = 2.92
CD = 2.92
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MONITORING PROGRESS 
ANSWERS

1. A perpendicular bisector is 
perpendicular to a side of the triangle 
at its midpoint.

2. An angle bisector divides an angle 
of the triangle into two congruent 
adjacent angles.

3. A median of a triangle is a segment 
from a vertex to the midpoint of the 
opposite side.

4. An altitude of a triangle is the 
perpendicular segment from a vertex 
to the opposite side or to the line that 
contains the opposite side.

5. A midsegment of a triangle is a 
segment that connects the midpoints 
of two sides of the triangle.

Mathematical PracticesMathematical Practices (continued from page T-299)Laurie’s Notes
• There are many definitions that students will encounter in their study of geometry. Exploring 

with technology can help students discover the meaning of a word.
• Give time for students to work through the questions in the Monitoring Progress, and then 

discuss as a class.
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6.1 Lesson What You Will LearnWhat You Will Learn
 Use perpendicular bisectors to fi nd measures.

 Use angle bisectors to fi nd measures and distance relationships.

 Write equations for perpendicular bisectors.

Using Perpendicular Bisectors
In Section 3.4, you learned that a perpendicular 
bisector of a line segment is the line that is 
perpendicular to the segment at its midpoint.

A point is equidistant from two fi gures when the 
point is the same distance from each fi gure.

 Perpendicular Bisector Theorem

Given ⃖""⃗CP  is the perpendicular bisector of  —AB  .

Prove CA = CB

Paragraph Proof Because  ⃖ ""⃗CP  is the perpendicular bisector of  —AB  ,   ⃖ ""⃗CP  is 
perpendicular to  —AB   and point P is the midpoint of  —AB  . By the defi nition of midpoint, 
AP = BP, and by the defi nition of perpendicular lines, m∠CPA = m∠CPB = 90°. 
Then by the defi nition of segment congruence,   —AP  ≅ —BP  , and by the defi nition 
of angle congruence, ∠CPA ≅ ∠CPB. By the Refl exive Property of Congruence 
(Theorem 2.1),  —CP  ≅ —CP  . So, △CPA ≅ △CPB by the SAS Congruence Theorem 
(Theorem 5.5), and  —CA  ≅ —CB  because corresponding parts of congruent triangles are 
congruent. So, CA = CB by the defi nition of segment congruence.

equidistant, p. 302

Previous
perpendicular bisector
angle bisector

Core VocabularyCore Vocabullarry

 ⃖ ""⃗ CP   is a ⊥ bisector of  — AB  .

TheoremsTheorems
Theorem 6.1 Perpendicular Bisector Theorem
In a plane, if a point lies on the perpendicular 
bisector of a segment, then it is equidistant 
from the endpoints of the segment.

If  ⃖ ""⃗ CP  is the ⊥ bisector of  — AB  , then CA = CB.

Proof p. 302

Theorem 6.2 Converse of the Perpendicular Bisector Theorem
In a plane, if a point is equidistant from the 
endpoints of a segment, then it lies on the 
perpendicular bisector of the segment.

If DA = DB, then point D lies on 
the ⊥ bisector of  — AB  .

Proof Ex. 32, p. 308

STUDY TIP
A perpendicular bisector 
can be a segment, a ray, 
a line, or a plane.
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A BP
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A BP
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C
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English Language Learners

Vocabulary
For English learners, relate the term 
equidistant with the phrase equal 
distances. Likewise, equilateral figures 
have sides with equal lengths, and 
equiangular figures have interior 
angles with equal measures.

Teacher ActionsTeacher ActionsLaurie’s Notes
• Ask what the word equidistant means. State the Perpendicular Bisector Theorem, which students 

discovered in the exploration.
 Always-Sometimes-Never True: “The converse of a true statement is also true.” 
sometimes true

• Turn and Talk: “What would the converse of the Perpendicular Bisector Theorem say, and is it 
true?” Use Popsicle Sticks to solicit students’ thoughts about the converse. Write the Converse of 
the Perpendicular Bisector Theorem.

• Have partners discuss and outline a proof for the Perpendicular Bisector Theorem. Compare with 
the paragraph proof.
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Vocabulary
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USING THE PERPENDICULAR BISECTOR THEOREMS 
 

1. RS     2. EG    3. AD 

       
 

PRACTICE:  Find each measure 
 
1. CD     2. PR    3. GH 

        
 
_________________________________________________________________________________  
ANGLE BISECTOR:      A Ray that divides an angle into two congruent angles. 
DISTANCE FROM A POINT TO A LINE:  The length of a perpendicular segment from the point to a line. 
 
ANGLE BISECTOR THEOREM  
If a point is on the bisector of an angle, then it is equidistant from the sides of the angle. 

 

 
 
CONVERSE OF THE ANGLE BISECTOR THEOREM 
If a point lies in the interior of an angle and it is equidistant from the sides of the angle, then it lies on the 
bisector of the angle. 
 

  Is there enough information to conclude that  bisects 

       ? 

       

 Section 6.1 303

 Section 6.1  Perpendicular and Angle Bisectors 303

 Using the Perpendicular Bisector Theorems

Find each measure.

a. RS

 From the fi gure,  ⃖ ""⃗ SQ   is the perpendicular bisector 
of  — PR  . By the Perpendicular Bisector Theorem, PS = RS.

 So, RS = PS = 6.8.

b. EG

 Because EH = GH and  ⃖ ""⃗ HF  ⊥  — EG  ,  ⃖ ""⃗ HF  is the 
perpendicular bisector of  — EG   by the Converse of the 
Perpendicular Bisector Theorem. By the defi nition of 
segment bisector, EG = 2GF. 

 So, EG = 2(9.5) = 19.

c. AD

From the fi gure,  ⃖ ""⃗ BD  is the perpendicular bisector of  — AC  .

 AD = CD  Perpendicular Bisector Theorem

 5x = 3x + 14 Substitute.

x = 7 Solve for x.

 So, AD = 5x = 5(7) = 35.

 Solving a Real-Life Problem

Is there enough information in the diagram to conclude that point N lies on the 
perpendicular bisector of  — KM  ?

SOLUTION

It is given that   — KL   ≅  — ML  . So,   — LN   is a segment bisector of   — KM  . You do not know 
whether  — LN   is perpendicular to  — KM   because it is not indicated in the diagram.

 So, you cannot conclude that point N lies on the perpendicular bisector of   — KM  .

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

Use the diagram and the given information to fi nd the 
indicated measure.

 1.  ⃖ ""⃗ ZX   is the perpendicular bisector of  — WY  , and YZ = 13.75. 
Find WZ.

 2.  ⃖ ""⃗ ZX   is the perpendicular bisector of  — WY  , WZ = 4n − 13, 
and YZ = n + 17. Find YZ.

 3. Find WX when WZ = 20.5, WY = 14.8, and YZ = 20.5. 

P

R

Q

6.8

S

E G

H

F

24 24

9.5

A

C

D

5x

3x + 14

B

N

M
L

K

W YX

Z
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MONITORING PROGRESS 
ANSWERS
 1–3. See Additional Answers.

Extra Example 1
Find each measure.
a. CD

DB

C

27

A

CD = 27

b. PR  

RP Q

13

5

13

S

  PR = 10

c. GH 

G

E

F

2x

3x − 8

H

  GH = 16

Extra Example 2
Is there enough information given in the 
diagram in Example 2 to conclude that 
point L lies on the perpendicular bisector 
of    — KM  ? Yes. Because LK = LM, point L 
must lie on the perpendicular bisector of  — KM   by the Converse of the Perpendicular 
Bisector Theorem (Thm. 6.2).

Differentiated Instruction

Kinesthetic
Discuss the difference between a 
perpendicular bisector and an angle 
bisector. Have students draw a triangle 
in which the perpendicular bisector 
of each side is also an angle bisector. 
Have students draw a triangle in which 
no perpendicular bisector is also an 
angle bisector. 

Teacher ActionsTeacher ActionsLaurie’s Notes
• Example 1 problems are applications of the two previous theorems. Pose the problems and have 

students work independently to solve.
 “In Example 2, what information is needed to know that   — LN   is perpendicular to   — KM  ?” 
Either the perpendicular symbol is present or   — NK   ≅   — NM  .

COMMON ERROR Example 2 highlights the common error of assuming that because a segment 
looks perpendicular, it must be.
• Think-Pair-Share: Have students answer Questions 1−3, and then share and discuss as a class.
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 From the fi gure,  ⃖ ""⃗ SQ   is the perpendicular bisector 
of  — PR  . By the Perpendicular Bisector Theorem, PS = RS.

 So, RS = PS = 6.8.

b. EG

 Because EH = GH and  ⃖ ""⃗ HF  ⊥  — EG  ,  ⃖ ""⃗ HF  is the 
perpendicular bisector of  — EG   by the Converse of the 
Perpendicular Bisector Theorem. By the defi nition of 
segment bisector, EG = 2GF. 

 So, EG = 2(9.5) = 19.

c. AD

From the fi gure,  ⃖ ""⃗ BD  is the perpendicular bisector of  — AC  .

 AD = CD  Perpendicular Bisector Theorem

 5x = 3x + 14 Substitute.

x = 7 Solve for x.

 So, AD = 5x = 5(7) = 35.

 Solving a Real-Life Problem

Is there enough information in the diagram to conclude that point N lies on the 
perpendicular bisector of  — KM  ?

SOLUTION

It is given that   — KL   ≅  — ML  . So,   — LN   is a segment bisector of   — KM  . You do not know 
whether  — LN   is perpendicular to  — KM   because it is not indicated in the diagram.

 So, you cannot conclude that point N lies on the perpendicular bisector of   — KM  .
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Use the diagram and the given information to fi nd the 
indicated measure.

 1.  ⃖ ""⃗ ZX   is the perpendicular bisector of  — WY  , and YZ = 13.75. 
Find WZ.

 2.  ⃖ ""⃗ ZX   is the perpendicular bisector of  — WY  , WZ = 4n − 13, 
and YZ = n + 17. Find YZ.

 3. Find WX when WZ = 20.5, WY = 14.8, and YZ = 20.5. 
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MONITORING PROGRESS 
ANSWERS
 1–3. See Additional Answers.

Extra Example 1
Find each measure.
a. CD

DB

C

27

A

CD = 27

b. PR  

RP Q

13

5

13

S

  PR = 10

c. GH 

G

E

F

2x

3x − 8

H

  GH = 16

Extra Example 2
Is there enough information given in the 
diagram in Example 2 to conclude that 
point L lies on the perpendicular bisector 
of    — KM  ? Yes. Because LK = LM, point L 
must lie on the perpendicular bisector of  — KM   by the Converse of the Perpendicular 
Bisector Theorem (Thm. 6.2).

Differentiated Instruction

Kinesthetic
Discuss the difference between a 
perpendicular bisector and an angle 
bisector. Have students draw a triangle 
in which the perpendicular bisector 
of each side is also an angle bisector. 
Have students draw a triangle in which 
no perpendicular bisector is also an 
angle bisector. 

Teacher ActionsTeacher ActionsLaurie’s Notes
• Example 1 problems are applications of the two previous theorems. Pose the problems and have 

students work independently to solve.
 “In Example 2, what information is needed to know that   — LN   is perpendicular to   — KM  ?” 
Either the perpendicular symbol is present or   — NK   ≅   — NM  .

COMMON ERROR Example 2 highlights the common error of assuming that because a segment 
looks perpendicular, it must be.
• Think-Pair-Share: Have students answer Questions 1−3, and then share and discuss as a class.

hscc_geo_te_0601.indd   303hscc_geo_te_0601.indd   303 2/12/15   3:20 PM2/12/15   3:20 PM

 Section 6.1 303

 Section 6.1  Perpendicular and Angle Bisectors 303

 Using the Perpendicular Bisector Theorems

Find each measure.

a. RS

 From the fi gure,  ⃖ ""⃗ SQ   is the perpendicular bisector 
of  — PR  . By the Perpendicular Bisector Theorem, PS = RS.

 So, RS = PS = 6.8.

b. EG

 Because EH = GH and  ⃖ ""⃗ HF  ⊥  — EG  ,  ⃖ ""⃗ HF  is the 
perpendicular bisector of  — EG   by the Converse of the 
Perpendicular Bisector Theorem. By the defi nition of 
segment bisector, EG = 2GF. 

 So, EG = 2(9.5) = 19.

c. AD

From the fi gure,  ⃖ ""⃗ BD  is the perpendicular bisector of  — AC  .

 AD = CD  Perpendicular Bisector Theorem

 5x = 3x + 14 Substitute.

x = 7 Solve for x.

 So, AD = 5x = 5(7) = 35.

 Solving a Real-Life Problem

Is there enough information in the diagram to conclude that point N lies on the 
perpendicular bisector of  — KM  ?

SOLUTION

It is given that   — KL   ≅  — ML  . So,   — LN   is a segment bisector of   — KM  . You do not know 
whether  — LN   is perpendicular to  — KM   because it is not indicated in the diagram.

 So, you cannot conclude that point N lies on the perpendicular bisector of   — KM  .

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

Use the diagram and the given information to fi nd the 
indicated measure.

 1.  ⃖ ""⃗ ZX   is the perpendicular bisector of  — WY  , and YZ = 13.75. 
Find WZ.

 2.  ⃖ ""⃗ ZX   is the perpendicular bisector of  — WY  , WZ = 4n − 13, 
and YZ = n + 17. Find YZ.

 3. Find WX when WZ = 20.5, WY = 14.8, and YZ = 20.5. 

P

R

Q

6.8

S

E G

H

F

24 24

9.5

A

C

D

5x

3x + 14

B

N

M
L

K

W YX

Z

hs_geo_pe_0601.indd   303 1/19/15   11:06 AM

MONITORING PROGRESS 
ANSWERS
 1–3. See Additional Answers.

Extra Example 1
Find each measure.
a. CD

DB

C

27

A

CD = 27

b. PR  

RP Q

13

5

13

S

  PR = 10

c. GH 

G

E

F

2x

3x − 8

H

  GH = 16

Extra Example 2
Is there enough information given in the 
diagram in Example 2 to conclude that 
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of    — KM  ? Yes. Because LK = LM, point L 
must lie on the perpendicular bisector of  — KM   by the Converse of the Perpendicular 
Bisector Theorem (Thm. 6.2).

Differentiated Instruction

Kinesthetic
Discuss the difference between a 
perpendicular bisector and an angle 
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in which the perpendicular bisector 
of each side is also an angle bisector. 
Have students draw a triangle in which 
no perpendicular bisector is also an 
angle bisector. 

Teacher ActionsTeacher ActionsLaurie’s Notes
• Example 1 problems are applications of the two previous theorems. Pose the problems and have 

students work independently to solve.
 “In Example 2, what information is needed to know that   — LN   is perpendicular to   — KM  ?” 
Either the perpendicular symbol is present or   — NK   ≅   — NM  .

COMMON ERROR Example 2 highlights the common error of assuming that because a segment 
looks perpendicular, it must be.
• Think-Pair-Share: Have students answer Questions 1−3, and then share and discuss as a class.
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diagram in Example 2 to conclude that 
point L lies on the perpendicular bisector 
of    — KM  ? Yes. Because LK = LM, point L 
must lie on the perpendicular bisector of  — KM   by the Converse of the Perpendicular 
Bisector Theorem (Thm. 6.2).

Differentiated Instruction

Kinesthetic
Discuss the difference between a 
perpendicular bisector and an angle 
bisector. Have students draw a triangle 
in which the perpendicular bisector 
of each side is also an angle bisector. 
Have students draw a triangle in which 
no perpendicular bisector is also an 
angle bisector. 

Teacher ActionsTeacher ActionsLaurie’s Notes
• Example 1 problems are applications of the two previous theorems. Pose the problems and have 

students work independently to solve.
 “In Example 2, what information is needed to know that   — LN   is perpendicular to   — KM  ?” 
Either the perpendicular symbol is present or   — NK   ≅   — NM  .

COMMON ERROR Example 2 highlights the common error of assuming that because a segment 
looks perpendicular, it must be.
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Is there enough information given in the 
diagram in Example 2 to conclude that 
point L lies on the perpendicular bisector 
of    — KM  ? Yes. Because LK = LM, point L 
must lie on the perpendicular bisector of  — KM   by the Converse of the Perpendicular 
Bisector Theorem (Thm. 6.2).

Differentiated Instruction

Kinesthetic
Discuss the difference between a 
perpendicular bisector and an angle 
bisector. Have students draw a triangle 
in which the perpendicular bisector 
of each side is also an angle bisector. 
Have students draw a triangle in which 
no perpendicular bisector is also an 
angle bisector. 

Teacher ActionsTeacher ActionsLaurie’s Notes
• Example 1 problems are applications of the two previous theorems. Pose the problems and have 

students work independently to solve.
 “In Example 2, what information is needed to know that   — LN   is perpendicular to   — KM  ?” 
Either the perpendicular symbol is present or   — NK   ≅   — NM  .

COMMON ERROR Example 2 highlights the common error of assuming that because a segment 
looks perpendicular, it must be.
• Think-Pair-Share: Have students answer Questions 1−3, and then share and discuss as a class.
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304 Chapter 6  Relationships Within Triangles

 Using the Angle Bisector Theorems

Find each measure.

a. m∠GFJ

 Because  — JG   ⊥  """⃗ FG  and  — JH   ⊥  """⃗ FH  and JG = JH = 7, 
 """⃗ FJ   bisects ∠GFH by the Converse of the Angle 
Bisector Theorem. 

 So, m∠GFJ = m∠HFJ = 42°.

b. RS

 PS = RS Angle Bisector Theorem

 5x = 6x − 5 Substitute.

 5 = x Solve for x.

 So, RS = 6x − 5 = 6(5) − 5 = 25.

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

Use the diagram and the given information to fi nd the indicated measure.

 4.  """⃗ BD  bisects ∠ABC, and DC = 6.9. Find DA.

 5.  """⃗ BD  bisects ∠ABC, AD = 3z + 7, and 
CD = 2z + 11. Find CD.

 6. Find m∠ABC when AD = 3.2, CD = 3.2, and 
m∠DBC = 39°. 

Using Angle Bisectors
In Section 1.5, you learned that an angle bisector is a ray that divides an angle into two 
congruent adjacent angles. You also know that the distance from a point to a line is the 
length of the perpendicular segment from the point to the line. So, in the fi gure,  """⃗ AD  is 
the bisector of ∠BAC, and the distance from point D to  """⃗ AB   is DB, where  — DB   ⊥  """⃗ AB  .

TheoremsTheorems
Theorem 6.3 Angle Bisector Theorem
If a point lies on the bisector of an angle, then it is 
equidistant from the two sides of the angle.

If  """⃗ AD  bisects ∠BAC and  — DB   ⊥  """⃗ AB   and  — DC   ⊥  """⃗ AC  , 
then DB = DC.

Proof Ex. 33(a), p. 308

Theorem 6.4 Converse of the Angle Bisector Theorem
If a point is in the interior of an angle and is equidistant 
from the two sides of the angle, then it lies on the 
bisector of the angle.

If  — DB   ⊥  """⃗ AB   and  — DC   ⊥  """⃗ AC   and DB = DC, 

then  """⃗ AD  bisects ∠BAC.

Proof Ex. 33(b), p. 308
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ANSWERS

4. 6.9
5. 19
6. 78°

Extra Example 3
Find each measure.
a. m∠ABC

B

CA

D

10

56°

10

  m∠ABC = 112°
b. JM

L

K M

J

4x

2x + 12

  JM = 24

Teacher ActionsTeacher ActionsLaurie’s Notes
• Ask how the altitude of an airplane is measured. It is a perpendicular distance from the plane to 

the ground. When students find the distance from a point on the angle bisector to the side of the 
angle, remind them that it needs to be a perpendicular segment.

• State the Angle Bisector Theorem and its converse. Take time to solicit ideas about an outline for 
the proof of each theorem.

• Example 3 problems are applications of the two previous theorems. Pose the problems and have 
students work independently to solve.
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the ground. When students find the distance from a point on the angle bisector to the side of the 
angle, remind them that it needs to be a perpendicular segment.

• State the Angle Bisector Theorem and its converse. Take time to solicit ideas about an outline for 
the proof of each theorem.

• Example 3 problems are applications of the two previous theorems. Pose the problems and have 
students work independently to solve.
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Use the diagram and the given information to fi nd the indicated measure.

 4.  """⃗ BD  bisects ∠ABC, and DC = 6.9. Find DA.

 5.  """⃗ BD  bisects ∠ABC, AD = 3z + 7, and 
CD = 2z + 11. Find CD.

 6. Find m∠ABC when AD = 3.2, CD = 3.2, and 
m∠DBC = 39°. 

Using Angle Bisectors
In Section 1.5, you learned that an angle bisector is a ray that divides an angle into two 
congruent adjacent angles. You also know that the distance from a point to a line is the 
length of the perpendicular segment from the point to the line. So, in the fi gure,  """⃗ AD  is 
the bisector of ∠BAC, and the distance from point D to  """⃗ AB   is DB, where  — DB   ⊥  """⃗ AB  .

TheoremsTheorems
Theorem 6.3 Angle Bisector Theorem
If a point lies on the bisector of an angle, then it is 
equidistant from the two sides of the angle.

If  """⃗ AD  bisects ∠BAC and  — DB   ⊥  """⃗ AB   and  — DC   ⊥  """⃗ AC  , 
then DB = DC.

Proof Ex. 33(a), p. 308

Theorem 6.4 Converse of the Angle Bisector Theorem
If a point is in the interior of an angle and is equidistant 
from the two sides of the angle, then it lies on the 
bisector of the angle.

If  — DB   ⊥  """⃗ AB   and  — DC   ⊥  """⃗ AC   and DB = DC, 

then  """⃗ AD  bisects ∠BAC.

Proof Ex. 33(b), p. 308
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Extra Example 3
Find each measure.
a. m∠ABC

B

CA

D

10

56°

10

  m∠ABC = 112°
b. JM

L

K M

J

4x

2x + 12

  JM = 24

Teacher ActionsTeacher ActionsLaurie’s Notes
• Ask how the altitude of an airplane is measured. It is a perpendicular distance from the plane to 

the ground. When students find the distance from a point on the angle bisector to the side of the 
angle, remind them that it needs to be a perpendicular segment.

• State the Angle Bisector Theorem and its converse. Take time to solicit ideas about an outline for 
the proof of each theorem.

• Example 3 problems are applications of the two previous theorems. Pose the problems and have 
students work independently to solve.
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 Using the Angle Bisector Theorems

Find each measure.

a. m∠GFJ

 Because  — JG   ⊥  """⃗ FG  and  — JH   ⊥  """⃗ FH  and JG = JH = 7, 
 """⃗ FJ   bisects ∠GFH by the Converse of the Angle 
Bisector Theorem. 

 So, m∠GFJ = m∠HFJ = 42°.

b. RS

 PS = RS Angle Bisector Theorem

 5x = 6x − 5 Substitute.

 5 = x Solve for x.

 So, RS = 6x − 5 = 6(5) − 5 = 25.
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Use the diagram and the given information to fi nd the indicated measure.

 4.  """⃗ BD  bisects ∠ABC, and DC = 6.9. Find DA.

 5.  """⃗ BD  bisects ∠ABC, AD = 3z + 7, and 
CD = 2z + 11. Find CD.

 6. Find m∠ABC when AD = 3.2, CD = 3.2, and 
m∠DBC = 39°. 

Using Angle Bisectors
In Section 1.5, you learned that an angle bisector is a ray that divides an angle into two 
congruent adjacent angles. You also know that the distance from a point to a line is the 
length of the perpendicular segment from the point to the line. So, in the fi gure,  """⃗ AD  is 
the bisector of ∠BAC, and the distance from point D to  """⃗ AB   is DB, where  — DB   ⊥  """⃗ AB  .

TheoremsTheorems
Theorem 6.3 Angle Bisector Theorem
If a point lies on the bisector of an angle, then it is 
equidistant from the two sides of the angle.

If  """⃗ AD  bisects ∠BAC and  — DB   ⊥  """⃗ AB   and  — DC   ⊥  """⃗ AC  , 
then DB = DC.

Proof Ex. 33(a), p. 308

Theorem 6.4 Converse of the Angle Bisector Theorem
If a point is in the interior of an angle and is equidistant 
from the two sides of the angle, then it lies on the 
bisector of the angle.

If  — DB   ⊥  """⃗ AB   and  — DC   ⊥  """⃗ AC   and DB = DC, 

then  """⃗ AD  bisects ∠BAC.

Proof Ex. 33(b), p. 308
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Extra Example 3
Find each measure.
a. m∠ABC

B

CA

D

10

56°

10

  m∠ABC = 112°
b. JM

L

K M

J

4x

2x + 12

  JM = 24

Teacher ActionsTeacher ActionsLaurie’s Notes
• Ask how the altitude of an airplane is measured. It is a perpendicular distance from the plane to 

the ground. When students find the distance from a point on the angle bisector to the side of the 
angle, remind them that it needs to be a perpendicular segment.

• State the Angle Bisector Theorem and its converse. Take time to solicit ideas about an outline for 
the proof of each theorem.

• Example 3 problems are applications of the two previous theorems. Pose the problems and have 
students work independently to solve.
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 Section 6.1 305

 Section 6.1  Perpendicular and Angle Bisectors 305

 Solving a Real-Life Problem

A soccer goalie’s position relative to the ball and goalposts forms congruent angles, as 
shown. Will the goalie have to move farther to block a shot toward the right goalpost R 
or the left goalpost L?

B
L

R

B

SOLUTION
The congruent angles tell you that the goalie is on the bisector of ∠LBR. By the Angle 
Bisector Theorem, the goalie is equidistant from  !!!⃗ BR   and  !!!⃗ BL  .

 So, the goalie must move the same distance to block either shot.

Writing Equations for Perpendicular Bisectors

 Writing an Equation for a Bisector

Write an equation of the perpendicular bisector of the segment with endpoints 
P(−2, 3) and Q(4, 1).

SOLUTION

Step 1 Graph  — PQ  . By defi nition, the perpendicular bisector of  — PQ   is perpendicular to  — PQ   at its midpoint.

Step 2 Find the midpoint M of  — PQ  .

M  (   −2 + 4 — 
2

  ,   3 + 1 — 
2

   )  = M  (   2 — 
2

  ,   4 — 
2

   )  = M(1, 2)

Step 3 Find the slope of the perpendicular bisector.

slope of  — PQ   =   1 − 3 — 
4 − (−2)

   =   −2 — 
6

   = −  1 — 
3

  

Because the slopes of perpendicular lines are negative reciprocals, the slope 
of the perpendicular bisector is 3.

Step 4 Write an equation. The bisector of  — PQ   has slope 3 and passes through (1, 2).

 y = mx + b Use slope-intercept form.

 2 = 3(1) + b Substitute for m, x, and y.

 −1 = b Solve for b.

 So, an equation of the perpendicular bisector of  — PQ   is y = 3x − 1.

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

 7. Do you have enough information to conclude that  !!!⃗ QS   bisects ∠PQR? Explain.

 8. Write an equation of the perpendicular bisector of the segment with endpoints 
(−1, −5) and (3, −1).  

x

y
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2

42−2
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Q

M(1, 2)

y = 3x − 1

Q
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S
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7. no; In order to use the Converse 
of the Angle Bisector Theorem 
(Thm. 6.4),  — PS   would have to be 
perpendicular to  !!!⃗ QP , and  — RS   would 
have to be perpendicular to  !!!⃗ QR .

8. y = −x − 2

Extra Example 4
A parachutist lands in a triangular field at 
point P, and then walks to a road. Will he 
have to walk further to Wells Road or to 
Turner Road?

P

Turner Rd.

W
e
ll
s 

R
d

.

Neither. The distances to both roads are 
the same.

Extra Example 5
Write an equation of the perpendicular 
bisector of the segment with endpoints 
D(5, −1) and E(−11, 3). y = 4x + 13

Teacher ActionsTeacher ActionsLaurie’s Notes
• Ask whether any student plays the goalie position in any sport. If so, he or she can explain why 

goalies position themselves on the angle bisector formed by the opponent and the goalposts. 
This can also be modeled using dynamic geometry software.

• Pose Example 5. Use whiteboards and have partners work to write the equation of the 
perpendicular bisector.

ClosureClosure
• Writing Prompt: The Big Ideas presented in today’s lesson …
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 Section 6.1  Perpendicular and Angle Bisectors 305

 Solving a Real-Life Problem

A soccer goalie’s position relative to the ball and goalposts forms congruent angles, as 
shown. Will the goalie have to move farther to block a shot toward the right goalpost R 
or the left goalpost L?

B
L

R

B

SOLUTION
The congruent angles tell you that the goalie is on the bisector of ∠LBR. By the Angle 
Bisector Theorem, the goalie is equidistant from  !!!⃗ BR   and  !!!⃗ BL  .

 So, the goalie must move the same distance to block either shot.

Writing Equations for Perpendicular Bisectors

 Writing an Equation for a Bisector

Write an equation of the perpendicular bisector of the segment with endpoints 
P(−2, 3) and Q(4, 1).

SOLUTION

Step 1 Graph  — PQ  . By defi nition, the perpendicular bisector of  — PQ   is perpendicular to  — PQ   at its midpoint.

Step 2 Find the midpoint M of  — PQ  .

M  (   −2 + 4 — 
2

  ,   3 + 1 — 
2

   )  = M  (   2 — 
2

  ,   4 — 
2

   )  = M(1, 2)

Step 3 Find the slope of the perpendicular bisector.

slope of  — PQ   =   1 − 3 — 
4 − (−2)

   =   −2 — 
6

   = −  1 — 
3

  

Because the slopes of perpendicular lines are negative reciprocals, the slope 
of the perpendicular bisector is 3.

Step 4 Write an equation. The bisector of  — PQ   has slope 3 and passes through (1, 2).

 y = mx + b Use slope-intercept form.

 2 = 3(1) + b Substitute for m, x, and y.

 −1 = b Solve for b.

 So, an equation of the perpendicular bisector of  — PQ   is y = 3x − 1.
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 7. Do you have enough information to conclude that  !!!⃗ QS   bisects ∠PQR? Explain.

 8. Write an equation of the perpendicular bisector of the segment with endpoints 
(−1, −5) and (3, −1).  
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7. no; In order to use the Converse 
of the Angle Bisector Theorem 
(Thm. 6.4),  — PS   would have to be 
perpendicular to  !!!⃗ QP , and  — RS   would 
have to be perpendicular to  !!!⃗ QR .

8. y = −x − 2

Extra Example 4
A parachutist lands in a triangular field at 
point P, and then walks to a road. Will he 
have to walk further to Wells Road or to 
Turner Road?
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Turner Rd.

W
el
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 R
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Neither. The distances to both roads are 
the same.

Extra Example 5
Write an equation of the perpendicular 
bisector of the segment with endpoints 
D(5, −1) and E(−11, 3). y = 4x + 13

Teacher ActionsTeacher ActionsLaurie’s Notes
• Ask whether any student plays the goalie position in any sport. If so, he or she can explain why 

goalies position themselves on the angle bisector formed by the opponent and the goalposts. 
This can also be modeled using dynamic geometry software.

• Pose Example 5. Use whiteboards and have partners work to write the equation of the 
perpendicular bisector.

ClosureClosure
• Writing Prompt: The Big Ideas presented in today’s lesson …
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 Using the Angle Bisector Theorems

Find each measure.

a. m∠GFJ

 Because  — JG   ⊥  """⃗ FG  and  — JH   ⊥  """⃗ FH  and JG = JH = 7, 
 """⃗ FJ   bisects ∠GFH by the Converse of the Angle 
Bisector Theorem. 

 So, m∠GFJ = m∠HFJ = 42°.

b. RS

 PS = RS Angle Bisector Theorem

 5x = 6x − 5 Substitute.

 5 = x Solve for x.

 So, RS = 6x − 5 = 6(5) − 5 = 25.

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

Use the diagram and the given information to fi nd the indicated measure.

 4.  """⃗ BD  bisects ∠ABC, and DC = 6.9. Find DA.

 5.  """⃗ BD  bisects ∠ABC, AD = 3z + 7, and 
CD = 2z + 11. Find CD.

 6. Find m∠ABC when AD = 3.2, CD = 3.2, and 
m∠DBC = 39°. 

Using Angle Bisectors
In Section 1.5, you learned that an angle bisector is a ray that divides an angle into two 
congruent adjacent angles. You also know that the distance from a point to a line is the 
length of the perpendicular segment from the point to the line. So, in the fi gure,  """⃗ AD  is 
the bisector of ∠BAC, and the distance from point D to  """⃗ AB   is DB, where  — DB   ⊥  """⃗ AB  .

TheoremsTheorems
Theorem 6.3 Angle Bisector Theorem
If a point lies on the bisector of an angle, then it is 
equidistant from the two sides of the angle.

If  """⃗ AD  bisects ∠BAC and  — DB   ⊥  """⃗ AB   and  — DC   ⊥  """⃗ AC  , 
then DB = DC.

Proof Ex. 33(a), p. 308

Theorem 6.4 Converse of the Angle Bisector Theorem
If a point is in the interior of an angle and is equidistant 
from the two sides of the angle, then it lies on the 
bisector of the angle.

If  — DB   ⊥  """⃗ AB   and  — DC   ⊥  """⃗ AC   and DB = DC, 

then  """⃗ AD  bisects ∠BAC.

Proof Ex. 33(b), p. 308
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Extra Example 3
Find each measure.
a. m∠ABC

B

CA

D

10

56°

10

  m∠ABC = 112°
b. JM

L

K M

J

4x

2x + 12

  JM = 24

Teacher ActionsTeacher ActionsLaurie’s Notes
• Ask how the altitude of an airplane is measured. It is a perpendicular distance from the plane to 

the ground. When students find the distance from a point on the angle bisector to the side of the 
angle, remind them that it needs to be a perpendicular segment.

• State the Angle Bisector Theorem and its converse. Take time to solicit ideas about an outline for 
the proof of each theorem.

• Example 3 problems are applications of the two previous theorems. Pose the problems and have 
students work independently to solve.
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 Using the Angle Bisector Theorems

Find each measure.

a. m∠GFJ

 Because  — JG   ⊥  """⃗ FG  and  — JH   ⊥  """⃗ FH  and JG = JH = 7, 
 """⃗ FJ   bisects ∠GFH by the Converse of the Angle 
Bisector Theorem. 

 So, m∠GFJ = m∠HFJ = 42°.

b. RS

 PS = RS Angle Bisector Theorem

 5x = 6x − 5 Substitute.

 5 = x Solve for x.

 So, RS = 6x − 5 = 6(5) − 5 = 25.
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Use the diagram and the given information to fi nd the indicated measure.

 4.  """⃗ BD  bisects ∠ABC, and DC = 6.9. Find DA.

 5.  """⃗ BD  bisects ∠ABC, AD = 3z + 7, and 
CD = 2z + 11. Find CD.

 6. Find m∠ABC when AD = 3.2, CD = 3.2, and 
m∠DBC = 39°. 

Using Angle Bisectors
In Section 1.5, you learned that an angle bisector is a ray that divides an angle into two 
congruent adjacent angles. You also know that the distance from a point to a line is the 
length of the perpendicular segment from the point to the line. So, in the fi gure,  """⃗ AD  is 
the bisector of ∠BAC, and the distance from point D to  """⃗ AB   is DB, where  — DB   ⊥  """⃗ AB  .

TheoremsTheorems
Theorem 6.3 Angle Bisector Theorem
If a point lies on the bisector of an angle, then it is 
equidistant from the two sides of the angle.

If  """⃗ AD  bisects ∠BAC and  — DB   ⊥  """⃗ AB   and  — DC   ⊥  """⃗ AC  , 
then DB = DC.

Proof Ex. 33(a), p. 308

Theorem 6.4 Converse of the Angle Bisector Theorem
If a point is in the interior of an angle and is equidistant 
from the two sides of the angle, then it lies on the 
bisector of the angle.

If  — DB   ⊥  """⃗ AB   and  — DC   ⊥  """⃗ AC   and DB = DC, 

then  """⃗ AD  bisects ∠BAC.

Proof Ex. 33(b), p. 308
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Extra Example 3
Find each measure.
a. m∠ABC

B

CA

D

10

56°

10

  m∠ABC = 112°
b. JM

L

K M

J

4x

2x + 12

  JM = 24

Teacher ActionsTeacher ActionsLaurie’s Notes
• Ask how the altitude of an airplane is measured. It is a perpendicular distance from the plane to 

the ground. When students find the distance from a point on the angle bisector to the side of the 
angle, remind them that it needs to be a perpendicular segment.

• State the Angle Bisector Theorem and its converse. Take time to solicit ideas about an outline for 
the proof of each theorem.

• Example 3 problems are applications of the two previous theorems. Pose the problems and have 
students work independently to solve.
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 Using the Angle Bisector Theorems

Find each measure.

a. m∠GFJ

 Because  — JG   ⊥  """⃗ FG  and  — JH   ⊥  """⃗ FH  and JG = JH = 7, 
 """⃗ FJ   bisects ∠GFH by the Converse of the Angle 
Bisector Theorem. 

 So, m∠GFJ = m∠HFJ = 42°.

b. RS

 PS = RS Angle Bisector Theorem

 5x = 6x − 5 Substitute.

 5 = x Solve for x.

 So, RS = 6x − 5 = 6(5) − 5 = 25.
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Use the diagram and the given information to fi nd the indicated measure.

 4.  """⃗ BD  bisects ∠ABC, and DC = 6.9. Find DA.

 5.  """⃗ BD  bisects ∠ABC, AD = 3z + 7, and 
CD = 2z + 11. Find CD.

 6. Find m∠ABC when AD = 3.2, CD = 3.2, and 
m∠DBC = 39°. 

Using Angle Bisectors
In Section 1.5, you learned that an angle bisector is a ray that divides an angle into two 
congruent adjacent angles. You also know that the distance from a point to a line is the 
length of the perpendicular segment from the point to the line. So, in the fi gure,  """⃗ AD  is 
the bisector of ∠BAC, and the distance from point D to  """⃗ AB   is DB, where  — DB   ⊥  """⃗ AB  .

TheoremsTheorems
Theorem 6.3 Angle Bisector Theorem
If a point lies on the bisector of an angle, then it is 
equidistant from the two sides of the angle.

If  """⃗ AD  bisects ∠BAC and  — DB   ⊥  """⃗ AB   and  — DC   ⊥  """⃗ AC  , 
then DB = DC.

Proof Ex. 33(a), p. 308

Theorem 6.4 Converse of the Angle Bisector Theorem
If a point is in the interior of an angle and is equidistant 
from the two sides of the angle, then it lies on the 
bisector of the angle.

If  — DB   ⊥  """⃗ AB   and  — DC   ⊥  """⃗ AC   and DB = DC, 

then  """⃗ AD  bisects ∠BAC.

Proof Ex. 33(b), p. 308
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Extra Example 3
Find each measure.
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  m∠ABC = 112°
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  JM = 24

Teacher ActionsTeacher ActionsLaurie’s Notes
• Ask how the altitude of an airplane is measured. It is a perpendicular distance from the plane to 

the ground. When students find the distance from a point on the angle bisector to the side of the 
angle, remind them that it needs to be a perpendicular segment.

• State the Angle Bisector Theorem and its converse. Take time to solicit ideas about an outline for 
the proof of each theorem.

• Example 3 problems are applications of the two previous theorems. Pose the problems and have 
students work independently to solve.
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Write an equation of the perpendicular bisector of the segment with endpoints P(-2,3) and Q(4,1). 
 

 
 
 
 
 
 
 
 
 
 
 

 
PRACTICE 

1. Write an equation of the perpendicular bisector of the segment with endpoints P(-1,-5) and Q(3,-1). 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
2. Find AD      3. Find YZ 
 

      
 
 
 
 
 
 
HW6.1; 1, 2, 3-29odd (skip 27) 
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  32. PROVING A THEOREM Prove the Converse of 
the Perpendicular Bisector Theorem (Thm. 6.2). 
(Hint: Construct a line through point C perpendicular 
to  — AB   at point P.)

A B

C

Given CA = CB

Prove Point C lies on the perpendicular bisector of  — AB  .

 33. PROVING A THEOREM Use a congruence theorem to 
prove each theorem.

 a. Angle Bisector Theorem (Thm. 6.3)

 b. Converse of the Angle Bisector Theorem (Thm. 6.4)

 34. HOW DO YOU SEE IT? The fi gure shows a map of 
a city. The city is arranged so each block north to 
south is the same length and each block east to west 
is the same length.

Mercy
Hospital

Trinity
Hospital

Museum Academy
School

Pine Street
School

Roosevelt
School

Wilson
School

Park St.

1s
t 

St
.

2n
d 

St
.

3r
d 

St
.

4t
h 

St
.

5t
h 

St
.

6t
h 

St
.

Main St.

Oak St.

Pine St.

Maple St.

N

S

EW

a. Which school is approximately equidistant from 
both hospitals? Explain your reasoning.

b. Is the museum approximately equidistant from 
Wilson School and Roosevelt School? Explain 
your reasoning.

35. MATHEMATICAL CONNECTIONS Write an equation 
whose graph consists of all the points in the given 
quadrants that are equidistant from the x- and y-axes.

a. I and III b. II and IV c. I and II

 36. THOUGHT PROVOKING The postulates and theorems 
in this book represent Euclidean geometry. In 
spherical geometry, all points are on the surface 
of a sphere. A line is a circle on the sphere whose 
diameter is equal to the diameter of the sphere. In 
spherical geometry, is it possible for two lines to be 
perpendicular but not bisect each other? Explain 
your reasoning.

37. PROOF Use the information in the diagram to prove
that   — AB   ≅  — CB   if and only if points D, E, and B 
are collinear.

A

BD E

C

38. PROOF Prove the statements in parts (a)–(c).

P

X

Z

Y
V

W

Given   Plane P is a perpendicular bisector of  — XZ   at 
point Y.

Prove a.  — XW   ≅  — ZW  

 b.  — XV   ≅  — ZV  

 c. ∠VXW ≅ ∠VZW

Maintaining Mathematical ProficiencyMaintaining Mathematical Proficiency
Classify the triangle by its sides. (Section 5.1)

 39.  40.  41. 

Classify the triangle by its angles. (Section 5.1)

 42. 
55°

80°

45°  43. 
65°

25°

 44. 
40°

20° 120°

Reviewing what you learned in previous grades and lessons
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ANSWERS
32. 

C

BPA

Given isosceles △ACB, construct  
⃖$$⃗ CP  such that point P is on   — AB   and  
⃖$$⃗ CP  ⊥  — AB  . So, ∠CPB and ∠CPA 
are right angles by the defi nition 
of perpendicular lines, and △CPB 
and △CPA are right triangles. Also, 
because  — AC   ≅  — BC   and  — CP   ≅  — CP   by 
the Refl exive Property of Congruence 
(Thm. 2.1), △CPB ≅ △CPA by the 
HL Congruence Theorem (Thm. 5.9). 
So,   — AP   ≅  — BP   because corresponding 
parts of congruent triangles are 
congruent, which means that point P 
is the midpoint of  — AB  , and  ⃖ $$⃗ CP  is the 
perpendicular bisector of  — AB  . 

 33–44. See Additional Answers.

Mini-Assessment

1. Write an equation of the 
perpendicular bisector of the 
segment with endpoints A(–1, –1) 
and B(5, 3). y = −1.5x + 4 

2. Find AD. 

B

C

A

D

8.4

  AD = 8.4

3. Find YZ.

W YX

Z

3n + 75n − 11

  YZ = 34

If students need help... If students got it...

Resources by Chapter
• Practice A and Practice B
• Puzzle Time

Resources by Chapter
• Enrichment and Extension
• Cumulative Review

Student Journal 
• Practice Start the next Section

Differentiating the Lesson
Skills Review Handbook
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  32. PROVING A THEOREM Prove the Converse of 
the Perpendicular Bisector Theorem (Thm. 6.2). 
(Hint: Construct a line through point C perpendicular 
to  — AB   at point P.)

A B

C

Given CA = CB

Prove Point C lies on the perpendicular bisector of  — AB  .

 33. PROVING A THEOREM Use a congruence theorem to 
prove each theorem.

 a. Angle Bisector Theorem (Thm. 6.3)

 b. Converse of the Angle Bisector Theorem (Thm. 6.4)

 34. HOW DO YOU SEE IT? The fi gure shows a map of 
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south is the same length and each block east to west 
is the same length.
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your reasoning.
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spherical geometry, all points are on the surface 
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diameter is equal to the diameter of the sphere. In 
spherical geometry, is it possible for two lines to be 
perpendicular but not bisect each other? Explain 
your reasoning.

37. PROOF Use the information in the diagram to prove
that   — AB   ≅  — CB   if and only if points D, E, and B 
are collinear.
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38. PROOF Prove the statements in parts (a)–(c).
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 c. ∠VXW ≅ ∠VZW

Maintaining Mathematical ProficiencyMaintaining Mathematical Proficiency
Classify the triangle by its sides. (Section 5.1)

 39.  40.  41. 

Classify the triangle by its angles. (Section 5.1)

 42. 
55°

80°

45°  43. 
65°

25°

 44. 
40°

20° 120°

Reviewing what you learned in previous grades and lessons

hs_geo_pe_0601.indd   308 1/19/15   11:07 AM

ANSWERS
32. 

C

BPA

Given isosceles △ACB, construct  
⃖$$⃗ CP  such that point P is on   — AB   and  
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(Thm. 2.1), △CPB ≅ △CPA by the 
HL Congruence Theorem (Thm. 5.9). 
So,   — AP   ≅  — BP   because corresponding 
parts of congruent triangles are 
congruent, which means that point P 
is the midpoint of  — AB  , and  ⃖ $$⃗ CP  is the 
perpendicular bisector of  — AB  . 
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