
Chapter 5  

Relationships Within 
Triangles 



5.1 Midsegment Theorem and 
Coordinate Proof 

Objective: 

Use properties of midsegments. 

 

Essential Question: How do you find the 
midsegment of a triangle? 



Midsegment Patty Paper 
Activity 



Vocabulary: 
The Midsegment of a Triangle is a 

segment that connects the midpoints of 
two sides of the triangle. 

D 

B 

C 

E 

A 

D and E are midpoints 

DE is the midsegment 



 
Midsegment 
Theorem 

 
 
 

The segment connecting the 
midpoints of two sides of a triangle 
is parallel to the third side and is 
half as long as that side. 
  

 

D 

B 

C 

E 

A 



Example 1 
In the diagram, ST and TU are midsegments 

of triangle PQR.  Find PR and TU.  

PR = ________ TU = ________ 



Example 2 
In the diagram, XZ and ZY are 

midsegments of triangle LMN.  Find 
MN and ZY.  

MN = ________ ZY = ________ 



Example 3 
In the diagram, ED and DF are midsegments 

of triangle ABC.   Find DF and AB.  

DF = ________ AB = ________ 

3X - 4 

5X+2 

x = ________ 



 Types of Proofs: 

Two Column Proof: has numbered statements 
and corresponding reasons that show an 
argument in a logical order. 

A Flow Proof:  uses arrows to show the flow of 
a logical argument. 

____________: is when you use variables to 
represent the coordinates of a generic figure to 
show the results are true for all figures of that 
type. 

A Paragraph Proof: presents a logical argument as 
a written explanation in paragraph form. 



Homework: 
Exercises 5.1 

Concepts: #1 – 11, 13 – 29 odd, 35 

Regular: #1 – 11, 13 – 31 odd, 35  

Honors: #1 – 31, 35, 38, 39   



5.2 Use Perpendicular Bisectors 

Objective: Use perpendicular bisectors 
to solve problems. 

 

Essential Question: How do you find the 
point of concurrency of the perpendicular 
bisectors of the sides of a triangle? 



In geometry, an altitude of a triangle is a  
____________ segment with one 
endpoint at a ______ and the other endpoint on the  
side _______ that vertex. 

D 

The ______ AD is perpendicular to side BC. 

C 

A 

B 



Another special line in a triangle is a  
perpendicular bisector. 

A perpendicular line or segment that bisects a ____  
of a triangle is called the perpendicular bisector of  
that side. 

side 

A 

B C D 

D is the midpoint of BC. 

m altitude 

Line m is the perpendicular bisector 
of side BC. 



In some triangles, the perpendicular bisector and the 
altitude are the same. 

X Z 

Y 

E 

The line containing YE is the 

perpendicular bisector of XZ. 

E  is the _______ of XZ. 



EXAMPLE 1 Use the Perpendicular Bisector Theorem 

AD = CD 

BD is the perpendicular bisector of AC .           
Find AD. 



Class Activity 
1. Cut 3 large acute scalene triangles out of 

paper.  Make each one different. 
2. Choose one triangle.  Fold the triangle to 

form the perpendicular bisectors of the 
three sides.  Do the three bisectors 
intersect at the same point? 

3. Repeat the process for the other triangles.  
What do you observe?  Write your 
observation in the form of a conjecture. 

4. Choose one triangle.  Label the vertices A, 
B, C.  Label the point of intersection of the 
perpendicular bisectors as P.  Measure AP, 
BP, and CP.  What do you observe? 



Vocabulary: 
 ____________________________- three 

of more lines (or rays or segments) intersect 
in the same point 

 _____________________- The point of 
intersection of the lines is called the point of 
concurrency. 

 The three perpendicular bisectors of a 
triangle are __________. 

 The point of concurrency can be inside the 
triangle, on the triangle, or outside the 
triangle. 



Acute triangle 
Right triangle 

Obtuse triangle 



The point of concurrency of the 
perpendicular bisectors of a 
triangle is called the 
_____________ of the 
triangle. 



Theorem: 
Concurrency of Perpendicular Bisectors of 
a Triangle 

 The perpendicular 
bisectors of a 
triangle intersect at 
a point that is 
equidistant from the 
vertices of the 
triangle. 

PA = PB = PC 



Three people need to decide on a location to hold a 
monthly meeting.  They will all be coming from 
different places in the city, and they want to make 
the meeting location the same distance from each 
person. 

 

 

 Explain why using the circumcenter as the location 
for the meeting would be the fairest for all. 

 

 

 Copy the triangle and locate the circumcenter.  Tell 
what segments are congruent. 
 PA = PB = PC 



Homework: 
Exercises 5.2 

Concepts: #1 – 17, 20 – 22, 24 

Regular: #1 – 17, 20 – 22, 24, 25 

Honors: #1 – 17, 20 – 22, 24, 25, 26 



5.3 Use Angle Bisectors of Triangles 

Objective:  

Use angle bisectors to find distance 
relationships 

 

Essential Question:  

When can you conclude that a point is 
on the bisector of an angle? 



The bisector of an angle is a ray that  
separates the angle into two congruent angles. 

S 

Q 

R 

P 



An angle bisector of a triangle is a segment that separates an  
angle of the triangle into two congruent angles. 

One of the endpoints of an angle bisector is a ______ of the  
triangle, 

and the other endpoint is on the side ________ that vertex. 

A 

B 

D 

C 

CABmDACm

CABDAC

DAB





 ofbisector  anglean  is  AC



 

 Theorem 5.6 Converse of the Angle Bisector 

Theorem: 

 If a point is in the interior of an angle and is 

equidistant from the sides of an angle, then it lies on 

the bisector of the angle.  

 

Ex.1: Find the measure of  .G FJ



 

Ex.2: 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?  



 

Ex.3: For what value of x does P lie on the bisector of 

 

 

 

 

 Find the value of x.  

Ex.4:                                   Ex.5:  

?A



 

 Theorem 5.7 Concurrency of Angle 
Bisectors of a Triangle: 

 The angle bisectors of a triangle intersect at 
a point that is equidistant from the sides of 
the triangle.  

 

 The point of concurrency of the three angle 
bisectors of a triangle is called the _______ 
of the triangle.  

 
 



 

Ex.8: In the diagram, N is the incenter of ∆ABC. Find 

ND.  

 

 

 

 

 

Ex.9: In Example 8, suppose you are not given AF or 

AN, but you are given that BF = 12 and BN = 13. 

Find ND.  



Homework: 
Exercises 5.3 

Concepts: #1 – 22, 28, 29 

Regular: #1 – 25, 28 - 30 

Honors: #1 – 25, 28 – 30, 32 



5.4 Use Medians and Altitudes 

Objective:  

Use medians and altitudes of triangles. 

 

Essential Question:  

How do you find the centroid of a 
triangle? 



In a triangle, a median is a segment that joins a 
______ of the triangle and the ________ of the 
side __________________. 

C 

B 

A 

D 

E 
F 

BEmedian   

ADmedian   

CFmedian   

The medians of ΔABC,  AD,  BE,  and  CF,  intersect at a  
common point called the ____________. 

When three or more lines or segments meet at the same point,  
the lines are __________.  



There is a special relationship between the length of  
the segment from the vertex to the centroid 

D 

C 

B 

A 

E 

F 

and the length of the 
segment from the 
centroid to the 
midpoint. 



Theorem 
5-8 

The length of the segment from the vertex to 
the centroid is_____ the length of the segment 
from the centroid to the midpoint. In other 
words, the centroid is 2/3 the distance from 
each vertex to the midpoint of the opposite 
side. 

x   

2x   

When three or more lines or segments meet at the same point,  
the lines are __________. 

C 

B 

A 

AB = 2/3AC 



D 

C 

B 

A 

E 

F 

. of medians are   and ,  , ABCCFBEAD 

?92 and ,15

,34  CE if   of measure  theisWhat 





xEAxDB

xCD

Solution: EA = CE   (defn. of median) 



In geometry, an altitude of a triangle is a  
____________ segment with one 
endpoint at a ______ and the other endpoint on the  
side _______ that vertex. 

D 

The ______ AD is perpendicular to side BC. 

C 

A 

B 



An altitude of a triangle may not always lie inside the triangle. 

Altitudes of Triangles 

acute triangle right triangle obtuse triangle 

The altitude is 
_____ the triangle 

The altitude is  
_____ of the triangle 

The altitude is  
_______ the triangle 



Homework: 
Exercises 5.4 

Concepts: #1 – 10, 13 – 27, 37 

Regular: #1 – 10, 13 – 28, 33 – 35, 39, 40  

Honors: #1 – 28, 33 – 35, 39, 40, 41 



5.5 Use Inequalities in a Triangle 

Objective:  

Find possible side lengths of a triangle. 

 

Essential Question:  

How do you find the possible lengths of 
the third side of a triangle if you 
know the lengths of two sides?  



The Comparison Property of Numbers is used to compare  
two line segments of unequal measures. 

Property states that given two unequal numbers a and b,   
either:   

a < b  or   a > b 

The same property is also used to compare angles of unequal  
measures. 

T U 
2 cm 

V W 
4 cm 

The length of       is less than the length  of         , or  TU < VW  TU VW



J 

133° 

K 

60° 

The measure of J is greater than the measure of K. 

The statements TU > VW  and  J > K are called __________  
Because they contain the symbol  <  or  >. 

Comparison 

Property 

For any two real numbers,  a  and  b, exactly one 

of the following statements is true. 

a < b a = b a > b 



Theorem 

If the measures of three sides of a triangle are 
unequal, then the measures of the angles 
opposite those sides are unequal 
________________. 

13 

8 
11 

L 

P 

M 

LP < PM < ML 

mM < mP mL < 



A

The longest side is  BC

So, the largest angle is  

LThe largest angle is  

MNSo, the longest side is  



Triangle 

Inequality 

Theorem 

The sum of the measures of any two sides of a 
triangle is _______ than the measure of the 
third side. 

a 

b 

c 

a + b > c 

a + c > b 

b + c > a 



Example: Can 16, 10, and 5 be the measures of the  
sides of a triangle? 



Homework: 
Exercises 5.5 

Concepts: #1 – 26, 28, 38 

Regular: #1 – 26, 28, 34, 37, 38  

Honors: #1 – 34, 37, 38, 40 - 45 



5.6 Inequalities in Two Triangles and 
Indirect Proof 

Objective:  

Use inequalities to make comparisons in 
two triangles. 

 

Essential Question:  

How do you write an indirect proof? 



Hinge Theorem 
 After largest side = largest angle it 

seems almost a given 

 Given DE  AB ,  EF  BC  , ABC  >  
DEF 

 Then: AC > DF 
A 

C 

B 

F 

E 

D 

“Hinge” 



Theorem 5.13:Hinge Theorem 

 If two sides of one triangle are 
congruent to two sides of 
another triangle, and the 
included angle of the first is 
larger than the included angle of 
the second, then the third side 
of the first is longer than the 
third side of the second. 

WX ST



Theorem 5.14:Converse of the Hinge Theorem 

 If two sides of one 
triangle are congruent to 
two sides of another 
triangle, and the third side 
of the first is longer than 
the third side of the 
second, then the included 
angle of the first is larger 
than the included angle of 
the second. 

m C m F  



Web 2.0: hinge theorem: 
This is a nice lesson showing hinge theorem and includes example.  

 

 http://www.youtube.com/watch?v=4POzqA

KzY3E 

http://www.youtube.com/watch?v=4POzqAKzY3E
http://www.youtube.com/watch?v=4POzqAKzY3E
http://www.youtube.com/watch?v=4POzqAKzY3E


Indirect Proof 

 An indirect proof is when you make an 
assumption that the conclusion is false 
and then arrive at a contradiction 



Indirect proof Activity 

 



How to Write an Indirect Proof 
 Step 1  Identify the statement you want to 

prove. Assume temporarily that the statement 
is false by assuming that the opposite is true. 

 Step 2 

 

 

 Step 3 



Example: Write an indirect proof 

 Write an indirect proof to show that an 
odd number is not divisible by 6. 

 Given  x is an odd number. 

 Prove  x is not divisible by 6. 

 
 is d ivisible by 6

6

S tep 1   Assum e tem porarily that .

            T his m eans that  for som e w h ole num ber .

            So, m ultip lying both sides b y 6  gives 6 .

x

n
x

x

n

n







Example: Write an indirect proof 
Step 2  If  is odd, then, by definition,  cannot be divided

            evenly by . H ow ever,  so

            . W e know  that  is a

            w hole num ber because  is a w hole num be

2 6

6
3 3

2 2

r, s

x x

n

x n

x n
n n



 

o 

            can be divided evenly by . T his contradicts the

            g iven statem ent t

2

 isha  dt .od

x

x

Step 3  T herefore, the assum ption that  is divisible by 6

            is ,  w hich provesfalse  is not divisibl tha e bt 6.y 

x

x

You have reached 

a contradiction  

when you have two 

statements that 

cannot both be true 

at the same time. 



Checkpoint 
If  w hich

is longer,  or ?

m AD B m CD B

AB CB

  

 



Checkpoint 

Suppose you w anted to prove the statem en t

"If 5  and 2,  then 3."  W hat

tem porary assum ption could you m ake to p rove

the conclusion indirectly?

x y y x   

 



Homework: 
Exercises 5.6 

Concepts: worksheet 

Regular: worksheet 

Honors: worksheet 



Chapter 5 Test 


