
PERPENDICULAR BISECTORS AND ANGLE BISECTORS INSIDE TRIANGLES  (6.2) 
 
PERPENDICULAR BISECTOR  ANGLE BISECTOR    MEDIAN 

       
ALTITUDE         MIDSEGMENT 

         
___________________________________________________________________________________________  
Since the Perpendicular Bisector is a segment perpendicular to a line at its midpoint then… 
PERPENDICULAR BISECTOR THEOREM    ANLGE BISECTOR THEOREM 

         

   
__________________________________________________________________________________________ 
EXPLORATION 1:  Construct a perpendicular bisector for each side of a triangle.   
 

1. Where do the perpendicular bisectors meet?  
 

2. Since any point on a perpendicular bisector is equidistant from the endpoints of the sides, the point 
of concurrency of the perpendicular bisector will be equidistant from the ____________ of the 
triangle.  

 
3. The point of concurrency of the perpendicular bisector is the ____________ of a circle 

______________about the triangle. 
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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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 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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MONITORING PROGRESS 
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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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.

A BP

C

A BP

C

A BP

D

C

A BP

C

hs_geo_pe_0601.indd   302 1/19/15   11:06 AM

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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Monitoring ProgressMonitoring Progress Help in English and Spanish at BigIdeasMath.com
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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 
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CIRCUMCENTER:  Point of concurrency of the perpendicular bisectors of each side in a triangle  
1. Is equidistant from the vertices (corners) of a triangle. 
2. Is used to circumscribed a circle about the triangle. 

 

 
 

 
 
FINDING THE COORDINATES OF A CIRCUMCENTER 
 

    
  
 
 
Find the coordinates of the circumcenter with vertices 

 
 
 
 
 
SOLVING A REAL- LIFE PROBLEM:  Finding a point that is equidistant from some vertices 
 

   
 
 
If the distributor is equidistant from the three snack bars, what can you use to find the location of the 
distributor? 
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6.2 Lesson What You Will LearnWhat You Will Learn
 Use and fi nd the circumcenter of a triangle.

 Use and fi nd the incenter of a triangle.

Using the Circumcenter of a Triangle
When three or more lines, rays, or segments intersect in the same point, they are called 
concurrent lines, rays, or segments. The point of intersection of the lines, rays, or 
segments is called the point of concurrency.

In a triangle, the three perpendicular bisectors are concurrent. The point of 
concurrency is the circumcenter of the triangle.

 Circumcenter Theorem

Given △ABC; the perpendicular bisectors of  —AB  ,  —BC  , and  —AC  

Prove  The perpendicular bisectors intersect in a point; that point is equidistant 
from A, B, and C.

Show that P, the point of intersection of the perpendicular bisectors of  —AB 
and  —BC  , also lies on the perpendicular bisector of  —AC  . Then show that point P 
is equidistant from the vertices of the triangle.

STATEMENTS REASONS

1. △ABC; the perpendicular bisectors 
of  — AB  ,  — BC  , and  — AC   

1. Given

2. The perpendicular bisectors 
of  — AB   and  — BC   intersect at 
some point P.

2. Because the sides of a triangle 
cannot be parallel, these 
perpendicular bisectors must 
intersect in some point. Call it P.

3. Draw  — PA  ,  — PB  , and  — PC  . 3. Two Point Postulate (Post. 2.1)

4. PA = PB, PB = PC 4. Perpendicular Bisector Theorem 
(Thm. 6.1)

5. PA = PC 5. Transitive Property of Equality

6. P is on the perpendicular bisector 
of  — AC  .

6. Converse of the Perpendicular 
Bisector Theorem (Thm. 6.2)

7. PA = PB = PC. So, P is equidistant 
from the vertices of the triangle.

7. From the results of Steps 4 and 5 
and the defi nition of equidistant

Plan 
for 

Proof

Plan 
in 

Action

STUDY TIP
Use diagrams like the one 
below to help visualize 
your proof.

A C

B

P

concurrent, p. 310
point of concurrency, p. 310
circumcenter, p. 310
incenter, p. 313

Previous
perpendicular bisector
angle bisector

Core VocabularyCore Vocabullarry

TheoremsTheorems
Theorem 6.5 Circumcenter Theorem
The circumcenter of a triangle is equidistant from 
the vertices of the triangle.

If  — PD  ,  — PE  , and  — PF   are perpendicular bisectors, 
then PA = PB = PC.

Proof p. 310
A F C

B

P

ED

A C

B
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English Language Learners

Notebook Development
Have students record the Circumcenter 
Theorem (Thm. 6.5) and the Incenter 
Theorem (Thm. 6.6) from this section 
in their notebooks. For each theorem, 
include a sketch of the point of 
concurrency and an example of how 
to use the theorem to find unknown 
measures.

Teacher ActionsTeacher ActionsLaurie’s Notes
• Ask what the word concurrent means. Relate point of concurrency with the two explorations.

 Draw △ABC and sketch one perpendicular bisector. “What do you know about any point on this 
perpendicular bisector?” It is equidistant from the two vertices of the bisected side.

 Repeat for a second perpendicular bisector. Where the two bisectors intersect ask, “What is true 
about this point?” It is equidistant from all three vertices of the triangle.

• State the Circumcenter Theorem and discuss the proof.
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 Section 6.2  Bisectors of Triangles 311

 Solving a Real-Life Problem

Three snack carts sell frozen yogurt 
from points A, B, and C outside a 
city. Each of the three carts is 
the same distance from the 
frozen yogurt distributor.

Find the location of the distributor.

SOLUTION

The distributor is equidistant from the 
three snack carts. The Circumcenter Theorem 
shows that you can fi nd a point equidistant from three points 
by using the perpendicular bisectors of the triangle formed by those points.

Copy the positions of points A, B, and C and connect the points to draw △ABC. 
Then use a ruler and protractor to draw the three perpendicular bisectors of △ABC. 
The circumcenter D is the location of the distributor.

A

C

D

B

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

 1. Three snack carts sell hot pretzels from 
points A, B, and E. What is the location of the 
pretzel distributor if it is equidistant from the 
three carts? Sketch the triangle and show 
the location. 

The circumcenter P is equidistant from the three vertices, so P is the center of a 
circle that passes through all three vertices. As shown below, the location of P 
depends on the type of triangle. The circle with center P is said to be circumscribed 
about the triangle.

P

   

P

   

P

 

Acute triangle 
P is inside triangle.  

Right triangle 
P is on triangle.  

Obtuse triangle 
P is outside triangle.

READING
The prefi x circum- means 
“around” or “about,” as 
in circumference (distance 
around a circle).

A E

B

A

C

B
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1. The pretzel distributor is located at 
point F, which is the circumcenter of 
△ABE.

F

B

EA

Extra Example 1
A carnival operator wants to locate a food 
stand so that it is the same distance from 
the carousel (C), the Ferris wheel (F), 
and the bumper cars (B). Find the location 
of the food stand (S).

F
B

CCarousel

Ferris
Wheel

Bumper
Cars

F

S
B

C

The circumcenter S of △BCF is the location 
of the food stand.

Teacher ActionsTeacher ActionsLaurie’s Notes
• Extension: To make Example 1 more interesting, print a street map of your area. Locate three 

points that are known to students and describe a plausible context. Locate the circumcenter for 
the triangle formed by the three fixed points.

 Fact-First Questioning: “The circumcenter could be located on the side of a triangle. What 
type of triangle would it be?” If students explored the circumcenter with dynamic geometry 
software, they likely know the triangle would be a right triangle. Note the summary at the 
bottom of the page.
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 Finding the Circumcenter of a Triangle

Find the coordinates of the circumcenter of △ABC 
with vertices A(0, 3), B(0, −1), and C(6, −1).

SOLUTION

Step 1 Graph △ABC.

Step 2 Find equations for two perpendicular 
bisectors. Use the Slopes of Perpendicular 
Lines Theorem (Theorem 3.14), which states 
that horizontal lines are perpendicular to 
vertical lines.

The midpoint of  — AB   is (0, 1). The line through (0, 1) that is perpendicular to 
 — AB   is y = 1.

The midpoint of  — BC   is (3, −1). The line through (3, −1) that is perpendicular 
to  — BC   is x = 3.

Step 3 Find the point where x = 3 and y = 1 intersect. They intersect at (3, 1). 

 So, the coordinates of the circumcenter are (3, 1).
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Find the coordinates of the circumcenter of the triangle with the given vertices.

 2. R(−2, 5), S(−6, 5), T(−2, −1) 3. W(−1, 4), X(1, 4), Y(1, −6)  

STUDY TIP
Note that you only need to 
fi nd the equations for two 
perpendicular bisectors. You 
can use the perpendicular 
bisector of the third side to 
verify your result.

MAKING SENSE OF 
PROBLEMS

Because △ABC is a right 
triangle, the circumcenter 
lies on the triangle.

 Circumscribing a Circle About a Triangle

Use a compass and straightedge to construct 
a circle that is circumscribed about △ABC.

SOLUTION
Step 1 Step 2 Step 3

B
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D
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A

Draw a bisector Draw the 
perpendicular bisector of  — AB  .

Draw a bisector Draw the 
perpendicular bisector of  — BC  . Label 
the intersection of the bisectors D. 
This is the circumcenter.

Draw a circle Place the compass at 
D. Set the width by using any vertex 
of the triangle. This is the radius of 
the circumcircle. Draw the circle. 
It should pass through all three 
vertices A, B, and C.  

B

CA

x

y

2

42

A

B C

y = 1

x = 3

(3, 1)
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2. (−4, 2)
3. (0, −1)

Teacher ActionsTeacher ActionsLaurie’s Notes
• Construct the circumcenter. Vary the type of triangle (right, obtuse, acute) used by students.
• You might choose to modify Example 2 so that the perpendicular bisectors are not vertical or 

horizontal. Students should have the prerequisite skills to find the point of intersection for a more 
challenging problem. Alternately, consider using dynamic geometry software with a map that 
has been imported. See the Teaching Strategy on page T-308.

Extra Example 2
Find the coordinates of the circumcenter of 
△DEF with vertices D(6, 4), E(−2, 4), and 
F(−2, −2). (2, 1)

Differentiated Instruction

Auditory
Have students work in pairs. One 
student should read aloud the steps in 
circumscribing a circle about a triangle, 
while the other student carries out the 
construction. Then students should 
reverse roles.
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 Finding the Circumcenter of a Triangle

Find the coordinates of the circumcenter of △ABC 
with vertices A(0, 3), B(0, −1), and C(6, −1).

SOLUTION

Step 1 Graph △ABC.

Step 2 Find equations for two perpendicular 
bisectors. Use the Slopes of Perpendicular 
Lines Theorem (Theorem 3.14), which states 
that horizontal lines are perpendicular to 
vertical lines.

The midpoint of  — AB   is (0, 1). The line through (0, 1) that is perpendicular to 
 — AB   is y = 1.

The midpoint of  — BC   is (3, −1). The line through (3, −1) that is perpendicular 
to  — BC   is x = 3.

Step 3 Find the point where x = 3 and y = 1 intersect. They intersect at (3, 1). 

 So, the coordinates of the circumcenter are (3, 1).

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

Find the coordinates of the circumcenter of the triangle with the given vertices.

 2. R(−2, 5), S(−6, 5), T(−2, −1) 3. W(−1, 4), X(1, 4), Y(1, −6)  

STUDY TIP
Note that you only need to 
fi nd the equations for two 
perpendicular bisectors. You 
can use the perpendicular 
bisector of the third side to 
verify your result.

MAKING SENSE OF 
PROBLEMS

Because △ABC is a right 
triangle, the circumcenter 
lies on the triangle.

 Circumscribing a Circle About a Triangle

Use a compass and straightedge to construct 
a circle that is circumscribed about △ABC.

SOLUTION
Step 1 Step 2 Step 3
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Draw a bisector Draw the 
perpendicular bisector of  — AB  .

Draw a bisector Draw the 
perpendicular bisector of  — BC  . Label 
the intersection of the bisectors D. 
This is the circumcenter.

Draw a circle Place the compass at 
D. Set the width by using any vertex 
of the triangle. This is the radius of 
the circumcircle. Draw the circle. 
It should pass through all three 
vertices A, B, and C.  
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2. (−4, 2)
3. (0, −1)

Teacher ActionsTeacher ActionsLaurie’s Notes
• Construct the circumcenter. Vary the type of triangle (right, obtuse, acute) used by students.
• You might choose to modify Example 2 so that the perpendicular bisectors are not vertical or 

horizontal. Students should have the prerequisite skills to find the point of intersection for a more 
challenging problem. Alternately, consider using dynamic geometry software with a map that 
has been imported. See the Teaching Strategy on page T-308.

Extra Example 2
Find the coordinates of the circumcenter of 
△DEF with vertices D(6, 4), E(−2, 4), and 
F(−2, −2). (2, 1)

Differentiated Instruction

Auditory
Have students work in pairs. One 
student should read aloud the steps in 
circumscribing a circle about a triangle, 
while the other student carries out the 
construction. Then students should 
reverse roles.
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 Solving a Real-Life Problem

Three snack carts sell frozen yogurt 
from points A, B, and C outside a 
city. Each of the three carts is 
the same distance from the 
frozen yogurt distributor.

Find the location of the distributor.

SOLUTION

The distributor is equidistant from the 
three snack carts. The Circumcenter Theorem 
shows that you can fi nd a point equidistant from three points 
by using the perpendicular bisectors of the triangle formed by those points.

Copy the positions of points A, B, and C and connect the points to draw △ABC. 
Then use a ruler and protractor to draw the three perpendicular bisectors of △ABC. 
The circumcenter D is the location of the distributor.

A

C

D

B
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 1. Three snack carts sell hot pretzels from 
points A, B, and E. What is the location of the 
pretzel distributor if it is equidistant from the 
three carts? Sketch the triangle and show 
the location. 

The circumcenter P is equidistant from the three vertices, so P is the center of a 
circle that passes through all three vertices. As shown below, the location of P 
depends on the type of triangle. The circle with center P is said to be circumscribed 
about the triangle.

P

   

P

   

P

 

Acute triangle 
P is inside triangle.  

Right triangle 
P is on triangle.  

Obtuse triangle 
P is outside triangle.

READING
The prefi x circum- means 
“around” or “about,” as 
in circumference (distance 
around a circle).

A E

B

A

C

B
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1. The pretzel distributor is located at 
point F, which is the circumcenter of 
△ABE.

F

B

EA

Extra Example 1
A carnival operator wants to locate a food 
stand so that it is the same distance from 
the carousel (C), the Ferris wheel (F), 
and the bumper cars (B). Find the location 
of the food stand (S).

F
B

CCarousel

Ferris
Wheel

Bumper
Cars

F

S
B

C

The circumcenter S of △BCF is the location 
of the food stand.

Teacher ActionsTeacher ActionsLaurie’s Notes
• Extension: To make Example 1 more interesting, print a street map of your area. Locate three 

points that are known to students and describe a plausible context. Locate the circumcenter for 
the triangle formed by the three fixed points.

 Fact-First Questioning: “The circumcenter could be located on the side of a triangle. What 
type of triangle would it be?” If students explored the circumcenter with dynamic geometry 
software, they likely know the triangle would be a right triangle. Note the summary at the 
bottom of the page.
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EXPLORATION 2: Construct an angle bisector for each angle in a triangle.   
 

1. Where do the angle bisectors meet? 
 

2. Since any point on an angle bisector is equidistant from the sides of an angle, the point of 
concurrency of the angle bisector will be equidistant from the ______________ of the triangle.  

 
3. The point of concurrency of the angle bisector is the ____________ of a circle 

______________about the triangle. 
 
_____________________________________________________________________________________ 
INCENTER:  Point of concurrency of the angle bisectors of each angle in a triangle  

1. Is equidistant from the sides of a triangle. 
2. Is used to inscribe a circle inside the triangle. 

 

     
 
USING THE INCENTER (created by angle bisectors inside a triangle) 

  
____________________________________________________________________________________ 
PRACTICE:  USING THE INCENTER 
 

 
 
 
 
 
 
 
 
HW6.2; 1, 2, 3-27odd, 56-59 all 
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 Section 6.2  Bisectors of Triangles 313

 Using the Incenter of a Triangle

In the fi gure shown, ND = 5x − 1 
and NE = 2x + 11.

a. Find NF.

b. Can NG be equal to 18? Explain 
your reasoning.

SOLUTION

a. N is the incenter of △ABC because it is the point of concurrency of the three angle 
bisectors. So, by the Incenter Theorem, ND = NE = NF.

Step 1 Solve for x.

 ND = NE Incenter Theorem

 5x − 1 = 2x + 11 Substitute.

x = 4 Solve for x.

Step 2 Find ND (or NE).

ND = 5x − 1 = 5(4) − 1 = 19

 So, because ND = NF, NF = 19.

b. Recall that the shortest distance between a point and a line is a perpendicular 
segment. In this case, the perpendicular segment is  — NF  , which has a length of 19. 
Because 18  <  19, NG cannot be equal to 18.

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

 4. In the fi gure shown, QM = 3x + 8 
and QN = 7x + 2. Find QP.  

Using the Incenter of a Triangle
Just as a triangle has three perpendicular bisectors, it also has three angle bisectors. 
The angle bisectors of a triangle are also concurrent. This point of concurrency is the 
incenter of the triangle. For any triangle, the incenter always lies inside the triangle.

TheoremTheorem
Theorem 6.6 Incenter Theorem
The incenter of a triangle is equidistant 
from the sides of the triangle.

If   — AP  ,  — BP  , and  — CP   are angle bisectors of 
△ABC, then PD = PE = PF.

Proof Ex. 38, p. 317 A F C

B

P

E
D

A FG C

B

N

E

D

LMJ

K

Q

NP
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4. 12.5

Extra Example 3
In the figure shown, NE = 6x + 1 and 
NF = 4x + 15.

A FG C

B

N

E

D

a. Find ND. 43
b. Can NB = 40? Explain your reasoning. 

No. The shortest distance from 
a point to a line is the length of the 
perpendicular segment from 
the point to the line. In this case, 
the perpendicular segment is   — ND  , 
which has a length of 43. Because 
40 < 43, NB cannot equal 40.

Teacher ActionsTeacher ActionsLaurie’s Notes
 MP3 and Fact-First Questioning: “The incenter of a triangle is always in the interior of 
the triangle. Explain why.” Listen for correct reasoning involving the three angle bisectors 
intersecting at a point in the interior of all three angles.

• Extension: To make Example 3 more interesting, print a street map of your area. Locate three 
points that are known to students and describe a plausible context. Locate the incenter for the 
triangle formed by the three fixed points.
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 Solving a Real-Life Problem

A city wants to place a lamppost on the boulevard shown so that the 
lamppost is the same distance from all three streets. Should the 
location of the lamppost be at the circumcenter or incenter of 
the triangular boulevard? Explain.

SOLUTION
Because the shape of the boulevard is an obtuse 
triangle, its circumcenter lies outside the triangle. 
So, the location of the lamppost cannot be at the 
circumcenter. The city wants the lamppost to be the same distance from all 
three streets. By the Incenter Theorem, the incenter of a triangle is equidistant 
from the sides of a triangle.

 So, the location of the lamppost should be at the incenter of the boulevard.

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

 5. Draw a sketch to show the location L of the lamppost in Example 4.

ATTENDING TO 
PRECISION
Pay close attention to how 
a problem is stated. The 
city wants the lamppost to 
be the same distance from 
the three streets, not from 
where the streets intersect.

Because the incenter P is equidistant from the three sides of the triangle, a circle 
drawn using P as the center and the distance to one side of the triangle as the radius 
will just touch the other two sides of the triangle. The circle is said to be inscribed 
within the triangle.

 Inscribing a Circle Within a Triangle

Use a compass and straightedge to construct a 
circle that is inscribed within △ABC.

SOLUTION

Step 1   
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Draw a bisector Draw the angle bisector of ∠A. Draw a bisector Draw the angle bisector of ∠C. Label 
the intersection of the bisectors D. This is the incenter.

Step 3  

A
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C
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Step 4  

A

B

D

E

C

D

Draw a perpendicular line Draw the perpendicular 
line from D to   — AB  . Label the point where it intersects 
 — AB   as E.

Draw a circle Place the compass at D. Set the width to 
E. This is the radius of the incircle. Draw the circle. It 
should touch each side of the triangle.

P

A

B

C
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Extra Example 4
A school has fenced in an area in the 
shape of a scalene triangle to use for a 
new playground. The school wants to 
place a swing set where it will be the 
same distance from all three fences. 
Should the swing set be placed at the 
circumcenter or the incenter of the 
triangular playground? Explain. The 
incenter of a triangle is equidistant from 
the sides of the triangle, so the swing set 
should be at the incenter. 

MONITORING PROGRESS 
ANSWER

5. 

L

• Construct the incenter. Vary the type of triangle (right, obtuse, 
acute) used by students.

• MP6 Attend to Precision: Note that Example 4 states that the 
lamppost is to be the same distance from the three streets, not from 
where they intersect.

 “Can you think of other contexts where knowing the incenter would 
be necessary?” Answers will vary.

ClosureClosure
• Exit Ticket: Explain what the circumcenter and incenter of 

a triangle are and how they can be found. The circumcenter 
of a triangle is equidistant from the vertices of the triangle. To 
find the circumcenter, find the intersection of the perpendicular 
bisectors of the sides of the triangle. The incenter of a triangle is 
equidistant from the sides of the triangle. To find the incenter, find 
the intersection of the angle bisectors of the interior angles of the 
triangle.

Teacher ActionsTeacher ActionsLaurie’s Notes
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 Using the Incenter of a Triangle

In the fi gure shown, ND = 5x − 1 
and NE = 2x + 11.

a. Find NF.

b. Can NG be equal to 18? Explain 
your reasoning.

SOLUTION

a. N is the incenter of △ABC because it is the point of concurrency of the three angle 
bisectors. So, by the Incenter Theorem, ND = NE = NF.

Step 1 Solve for x.

 ND = NE Incenter Theorem

 5x − 1 = 2x + 11 Substitute.

x = 4 Solve for x.

Step 2 Find ND (or NE).

ND = 5x − 1 = 5(4) − 1 = 19

 So, because ND = NF, NF = 19.

b. Recall that the shortest distance between a point and a line is a perpendicular 
segment. In this case, the perpendicular segment is  — NF  , which has a length of 19. 
Because 18  <  19, NG cannot be equal to 18.

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

 4. In the fi gure shown, QM = 3x + 8 
and QN = 7x + 2. Find QP.  

Using the Incenter of a Triangle
Just as a triangle has three perpendicular bisectors, it also has three angle bisectors. 
The angle bisectors of a triangle are also concurrent. This point of concurrency is the 
incenter of the triangle. For any triangle, the incenter always lies inside the triangle.

TheoremTheorem
Theorem 6.6 Incenter Theorem
The incenter of a triangle is equidistant 
from the sides of the triangle.

If   — AP  ,  — BP  , and  — CP   are angle bisectors of 
△ABC, then PD = PE = PF.

Proof Ex. 38, p. 317 A F C

B

P

E
D

A FG C
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Extra Example 3
In the figure shown, NE = 6x + 1 and 
NF = 4x + 15.

A FG C

B

N

E

D

a. Find ND. 43
b. Can NB = 40? Explain your reasoning. 

No. The shortest distance from 
a point to a line is the length of the 
perpendicular segment from 
the point to the line. In this case, 
the perpendicular segment is   — ND  , 
which has a length of 43. Because 
40 < 43, NB cannot equal 40.

Teacher ActionsTeacher ActionsLaurie’s Notes
 MP3 and Fact-First Questioning: “The incenter of a triangle is always in the interior of 
the triangle. Explain why.” Listen for correct reasoning involving the three angle bisectors 
intersecting at a point in the interior of all three angles.

• Extension: To make Example 3 more interesting, print a street map of your area. Locate three 
points that are known to students and describe a plausible context. Locate the incenter for the 
triangle formed by the three fixed points.
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Just as a triangle has three perpendicular bisectors, it also has three angle bisectors. 
The angle bisectors of a triangle are also concurrent. This point of concurrency is the 
incenter of the triangle. For any triangle, the incenter always lies inside the triangle.
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Extra Example 3
In the figure shown, NE = 6x + 1 and 
NF = 4x + 15.
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a. Find ND. 43
b. Can NB = 40? Explain your reasoning. 

No. The shortest distance from 
a point to a line is the length of the 
perpendicular segment from 
the point to the line. In this case, 
the perpendicular segment is   — ND  , 
which has a length of 43. Because 
40 < 43, NB cannot equal 40.

Teacher ActionsTeacher ActionsLaurie’s Notes
 MP3 and Fact-First Questioning: “The incenter of a triangle is always in the interior of 
the triangle. Explain why.” Listen for correct reasoning involving the three angle bisectors 
intersecting at a point in the interior of all three angles.

• Extension: To make Example 3 more interesting, print a street map of your area. Locate three 
points that are known to students and describe a plausible context. Locate the incenter for the 
triangle formed by the three fixed points.
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 Using the Incenter of a Triangle

In the fi gure shown, ND = 5x − 1 
and NE = 2x + 11.

a. Find NF.

b. Can NG be equal to 18? Explain 
your reasoning.

SOLUTION

a. N is the incenter of △ABC because it is the point of concurrency of the three angle 
bisectors. So, by the Incenter Theorem, ND = NE = NF.

Step 1 Solve for x.

 ND = NE Incenter Theorem

 5x − 1 = 2x + 11 Substitute.

x = 4 Solve for x.

Step 2 Find ND (or NE).

ND = 5x − 1 = 5(4) − 1 = 19

 So, because ND = NF, NF = 19.

b. Recall that the shortest distance between a point and a line is a perpendicular 
segment. In this case, the perpendicular segment is  — NF  , which has a length of 19. 
Because 18  <  19, NG cannot be equal to 18.

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

 4. In the fi gure shown, QM = 3x + 8 
and QN = 7x + 2. Find QP.  

Using the Incenter of a Triangle
Just as a triangle has three perpendicular bisectors, it also has three angle bisectors. 
The angle bisectors of a triangle are also concurrent. This point of concurrency is the 
incenter of the triangle. For any triangle, the incenter always lies inside the triangle.

TheoremTheorem
Theorem 6.6 Incenter Theorem
The incenter of a triangle is equidistant 
from the sides of the triangle.

If   — AP  ,  — BP  , and  — CP   are angle bisectors of 
△ABC, then PD = PE = PF.

Proof Ex. 38, p. 317 A F C

B

P

E
D
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Extra Example 3
In the figure shown, NE = 6x + 1 and 
NF = 4x + 15.

A FG C

B

N

E

D

a. Find ND. 43
b. Can NB = 40? Explain your reasoning. 

No. The shortest distance from 
a point to a line is the length of the 
perpendicular segment from 
the point to the line. In this case, 
the perpendicular segment is   — ND  , 
which has a length of 43. Because 
40 < 43, NB cannot equal 40.

Teacher ActionsTeacher ActionsLaurie’s Notes
 MP3 and Fact-First Questioning: “The incenter of a triangle is always in the interior of 
the triangle. Explain why.” Listen for correct reasoning involving the three angle bisectors 
intersecting at a point in the interior of all three angles.

• Extension: To make Example 3 more interesting, print a street map of your area. Locate three 
points that are known to students and describe a plausible context. Locate the incenter for the 
triangle formed by the three fixed points.
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