
7.1 ANGLES OF POLYGONS 
 
POLYGON:  A figure formed coplanar segments such that  
Sides of Polygon:  Non- Crossing Segments 
Vertices of Polygon:  Common endpoints shared by only two non-collinear segments 
 

 
 
Convex Polygon      Concave Polygon  (vertex is being “pushed in”) 
(all vertices point outwards)   (not all vertices point outwards) 
all interior angles < 180    some interior angles > 180 
 

      
 
 

 
   
 
 
 
 
 
 
 
 
 
 

POLYGONS 
 
POLYGON:  A figure formed coplanar segments such that  

 
 
Sides of Polygon:  Segments 
Vertices of Polygon: Common endpoints 
 
 
Convex Polygon      Concave Polygon  (vertex is being “pushed in”) 
(all vertices point outwards)   (not all vertices point outwards) 
all interior angles < 180    some interior angles > 180 
 

      
 
 
 
 
 

2-5 Angles of a Polygon
The word polygon means "many angles." Look at the figures at the left below
and note that each polygon is formed by coplanar segments (called sides) such
that:

(l) Each segment intersects exactly two other segments, one at each end-
point.

(2) No two segments with a common endpoint are collinear.

Polygons Not polygons

NO KY
A convex polygon is a polygon such

that no line containing a side of the polygon
contains a point in the interior of the poly-
gon. If you picture the kite shown as lying
in a plane, then the outer edge of the kite is
not convex, but the outer edge ofthe yellow
part is convex.

When we refer to a polygon in this
book we will mean a convex polygon.

As shown below, polygons are named according to the number of sides. A
triangle is the simplest polygon. The terms that we applied to triangles (such as
uertex and exterior angle) also apply to other polygons.

3 sides: triangle
4 sides: quadrilateral
5 sides: pentagon
6 sides: hexagon

8 sides: octagon
l0 sides: decagon
n sides: n-gon

When referring to a polygon, we list its consecutive vertices
in order. Pentagon ABCDE and pentagon BAEDC are two of
the many correct names for the polygon shown.

A segment joining two nonconsecutive vertices is a diagonal
ofthe polygon. The diagonals ofthe pentagon at the right are
indicated by dashes.
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Convex Polygon:  A convex polygon is defined as a 
polygon with all its interior angles less than 180°. This 
means that all the vertices of the polygon will point 
outwards, away from the interior of the shape. Think of it as 
a 'bulging' polygon. Note that a triangle (3-gon) is always 
convex.

Concave Polygon:  A concave polygon is defined as a 
polygon with one or more interior angles greater than 180°. 
It looks sort of like a vertex has been 'pushed in' towards the 
inside of the polygon. Note that a triangle (3-gon) can never 
be concave.

Convex Polygon:  A convex polygon is defined as a 
polygon with all its interior angles less than 180°. This 
means that all the vertices of the polygon will point 
outwards, away from the interior of the shape. Think of it as 
a 'bulging' polygon. Note that a triangle (3-gon) is always 
convex.

Concave Polygon:  A concave polygon is defined as a 
polygon with one or more interior angles greater than 180°. 
It looks sort of like a vertex has been 'pushed in' towards the 
inside of the polygon. Note that a triangle (3-gon) can never 
be concave.

Convex Polygon:  A convex polygon is defined as a 
polygon with all its interior angles less than 180°. This 
means that all the vertices of the polygon will point 
outwards, away from the interior of the shape. Think of it as 
a 'bulging' polygon. Note that a triangle (3-gon) is always 
convex.

Concave Polygon:  A concave polygon is defined as a 
polygon with one or more interior angles greater than 180°. 
It looks sort of like a vertex has been 'pushed in' towards the 
inside of the polygon. Note that a triangle (3-gon) can never 
be concave.

Convex Polygon:  A convex polygon is defined as a 
polygon with all its interior angles less than 180°. This 
means that all the vertices of the polygon will point 
outwards, away from the interior of the shape. Think of it as 
a 'bulging' polygon. Note that a triangle (3-gon) is always 
convex.

Concave Polygon:  A concave polygon is defined as a 
polygon with one or more interior angles greater than 180°. 
It looks sort of like a vertex has been 'pushed in' towards the 
inside of the polygon. Note that a triangle (3-gon) can never 
be concave.

Convex Polygon:  A convex polygon is defined as a 
polygon with all its interior angles less than 180°. This 
means that all the vertices of the polygon will point 
outwards, away from the interior of the shape. Think of it as 
a 'bulging' polygon. Note that a triangle (3-gon) is always 
convex.

Concave Polygon:  A concave polygon is defined as a 
polygon with one or more interior angles greater than 180°. 
It looks sort of like a vertex has been 'pushed in' towards the 
inside of the polygon. Note that a triangle (3-gon) can never 
be concave.



Equiangular Polygon   Equilateral Polygon   Regular Polygon 
(equal interior angle measures) (equal side measures)  (equiangular and equilateral) 

     
 

                                         
 
______________________________________________________________________________ 
Pentagon ABCDE   Diagonals; Segments joining two non-consecutive vertices   

      , , ,  

    
SUM OF ANGLES IN A CONVEX POLYGON 

 
 
Interior Angle Sum = (# Triangles formed by diagonals) (180) 
Interior Angle Sum =                               (N – 2) (180)  (Sum of all interior angles) 
Exterior Angle Sum =                                         360  (Sum of all exterior angles) 
 
 

 
   
 
Equiangular Polygon  Equilateral Polygon  Regular Polygon 
(equal interior angle measures) (equal side measures)  (equiangular and equilateral) 

       
 
 

  
 
 
 
 
 
 
 
 

Convex Polygon:  A convex polygon is defined as a 
polygon with all its interior angles less than 180°. This 
means that all the vertices of the polygon will point 
outwards, away from the interior of the shape. Think of it as 
a 'bulging' polygon. Note that a triangle (3-gon) is always 
convex.

Concave Polygon:  A concave polygon is defined as a 
polygon with one or more interior angles greater than 180°. 
It looks sort of like a vertex has been 'pushed in' towards the 
inside of the polygon. Note that a triangle (3-gon) can never 
be concave.

Convex Polygon:  A convex polygon is defined as a 
polygon with all its interior angles less than 180°. This 
means that all the vertices of the polygon will point 
outwards, away from the interior of the shape. Think of it as 
a 'bulging' polygon. Note that a triangle (3-gon) is always 
convex.

Concave Polygon:  A concave polygon is defined as a 
polygon with one or more interior angles greater than 180°. 
It looks sort of like a vertex has been 'pushed in' towards the 
inside of the polygon. Note that a triangle (3-gon) can never 
be concave.

Convex Polygon:  A convex polygon is defined as a 
polygon with all its interior angles less than 180°. This 
means that all the vertices of the polygon will point 
outwards, away from the interior of the shape. Think of it as 
a 'bulging' polygon. Note that a triangle (3-gon) is always 
convex.

Concave Polygon:  A concave polygon is defined as a 
polygon with one or more interior angles greater than 180°. 
It looks sort of like a vertex has been 'pushed in' towards the 
inside of the polygon. Note that a triangle (3-gon) can never 
be concave.

Convex Polygon:  A convex polygon is defined as a 
polygon with all its interior angles less than 180°. This 
means that all the vertices of the polygon will point 
outwards, away from the interior of the shape. Think of it as 
a 'bulging' polygon. Note that a triangle (3-gon) is always 
convex.

Concave Polygon:  A concave polygon is defined as a 
polygon with one or more interior angles greater than 180°. 
It looks sort of like a vertex has been 'pushed in' towards the 
inside of the polygon. Note that a triangle (3-gon) can never 
be concave.

Exampl,e I A polygonhas22 sides. Find (a) the sum of the measures of the interior angles
and (b) the sum of the measures of the exterior angles, one angle at each
vertex.

Solution (a) Interior angle sum = (22 - 2)180 = 3600 (Theorem 2-13)
(b) Exterior angle sum = 360 (Theorem 2-14)

Polygons can be equiangular or equilateral. If a polygon is both equi-
angular and equilateral, it is called a regular polygon.

+F
Equilateral hexagon

Classroom Exercises
Is the red outline of the figure a convex polygon? If not, is it a nonconvex
polygon?

Equiangular hexagon Regular hexagon

A regular polygon has 12 sides. Find the measure of each interior angle.

Interior angle sum = (12 - 2)180 = 1800
Each ofthe 12 congruent angles has measure 1800 - 12, or 150.

Exterior angle sum = 360
Each ofthe 12 congruent exterior angles has measure 360 : 12, or 30. Since
each interior angle is a supplement of an exterior angle, each interior angle has
measure 180 - 30, or 150.

Example 2
Solution 7

blution 2

7.

8.

Imagine stretching a rubber band around each of the figures in Exer-
cises l-6. What is the relationship between the rubber band and the figure
when the figure is a convex polygon?
A polygon has 102 sides.
a. What is its interior angle sum?
b. What is its exterior angle sum?

120" ,120"

Regular hexagon

'\M
5.\t____i '*
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Equiangular Polygon  Equilateral Polygon  Regular Polygon 
(equal interior angle measures) (equal side measures)  (equiangular and equilateral) 

       
 
 

  
 
 
 
 
 
 
 
 

Convex Polygon:  A convex polygon is defined as a 
polygon with all its interior angles less than 180°. This 
means that all the vertices of the polygon will point 
outwards, away from the interior of the shape. Think of it as 
a 'bulging' polygon. Note that a triangle (3-gon) is always 
convex.

Concave Polygon:  A concave polygon is defined as a 
polygon with one or more interior angles greater than 180°. 
It looks sort of like a vertex has been 'pushed in' towards the 
inside of the polygon. Note that a triangle (3-gon) can never 
be concave.

Convex Polygon:  A convex polygon is defined as a 
polygon with all its interior angles less than 180°. This 
means that all the vertices of the polygon will point 
outwards, away from the interior of the shape. Think of it as 
a 'bulging' polygon. Note that a triangle (3-gon) is always 
convex.

Concave Polygon:  A concave polygon is defined as a 
polygon with one or more interior angles greater than 180°. 
It looks sort of like a vertex has been 'pushed in' towards the 
inside of the polygon. Note that a triangle (3-gon) can never 
be concave.

Convex Polygon:  A convex polygon is defined as a 
polygon with all its interior angles less than 180°. This 
means that all the vertices of the polygon will point 
outwards, away from the interior of the shape. Think of it as 
a 'bulging' polygon. Note that a triangle (3-gon) is always 
convex.

Concave Polygon:  A concave polygon is defined as a 
polygon with one or more interior angles greater than 180°. 
It looks sort of like a vertex has been 'pushed in' towards the 
inside of the polygon. Note that a triangle (3-gon) can never 
be concave.

Convex Polygon:  A convex polygon is defined as a 
polygon with all its interior angles less than 180°. This 
means that all the vertices of the polygon will point 
outwards, away from the interior of the shape. Think of it as 
a 'bulging' polygon. Note that a triangle (3-gon) is always 
convex.

Concave Polygon:  A concave polygon is defined as a 
polygon with one or more interior angles greater than 180°. 
It looks sort of like a vertex has been 'pushed in' towards the 
inside of the polygon. Note that a triangle (3-gon) can never 
be concave.

Exampl,e I A polygonhas22 sides. Find (a) the sum of the measures of the interior angles
and (b) the sum of the measures of the exterior angles, one angle at each
vertex.

Solution (a) Interior angle sum = (22 - 2)180 = 3600 (Theorem 2-13)
(b) Exterior angle sum = 360 (Theorem 2-14)

Polygons can be equiangular or equilateral. If a polygon is both equi-
angular and equilateral, it is called a regular polygon.

+F
Equilateral hexagon

Classroom Exercises
Is the red outline of the figure a convex polygon? If not, is it a nonconvex
polygon?

Equiangular hexagon Regular hexagon

A regular polygon has 12 sides. Find the measure of each interior angle.

Interior angle sum = (12 - 2)180 = 1800
Each ofthe 12 congruent angles has measure 1800 - 12, or 150.

Exterior angle sum = 360
Each ofthe 12 congruent exterior angles has measure 360 : 12, or 30. Since
each interior angle is a supplement of an exterior angle, each interior angle has
measure 180 - 30, or 150.

Example 2
Solution 7

blution 2

7.

8.

Imagine stretching a rubber band around each of the figures in Exer-
cises l-6. What is the relationship between the rubber band and the figure
when the figure is a convex polygon?
A polygon has 102 sides.
a. What is its interior angle sum?
b. What is its exterior angle sum?

120" ,120"

Regular hexagon
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Equiangular Polygon  Equilateral Polygon  Regular Polygon 
(equal interior angle measures) (equal side measures)  (equiangular and equilateral) 

       
 
 

  
 
 
 
 
 
 
 
 

Convex Polygon:  A convex polygon is defined as a 
polygon with all its interior angles less than 180°. This 
means that all the vertices of the polygon will point 
outwards, away from the interior of the shape. Think of it as 
a 'bulging' polygon. Note that a triangle (3-gon) is always 
convex.

Concave Polygon:  A concave polygon is defined as a 
polygon with one or more interior angles greater than 180°. 
It looks sort of like a vertex has been 'pushed in' towards the 
inside of the polygon. Note that a triangle (3-gon) can never 
be concave.

Convex Polygon:  A convex polygon is defined as a 
polygon with all its interior angles less than 180°. This 
means that all the vertices of the polygon will point 
outwards, away from the interior of the shape. Think of it as 
a 'bulging' polygon. Note that a triangle (3-gon) is always 
convex.

Concave Polygon:  A concave polygon is defined as a 
polygon with one or more interior angles greater than 180°. 
It looks sort of like a vertex has been 'pushed in' towards the 
inside of the polygon. Note that a triangle (3-gon) can never 
be concave.

Convex Polygon:  A convex polygon is defined as a 
polygon with all its interior angles less than 180°. This 
means that all the vertices of the polygon will point 
outwards, away from the interior of the shape. Think of it as 
a 'bulging' polygon. Note that a triangle (3-gon) is always 
convex.

Concave Polygon:  A concave polygon is defined as a 
polygon with one or more interior angles greater than 180°. 
It looks sort of like a vertex has been 'pushed in' towards the 
inside of the polygon. Note that a triangle (3-gon) can never 
be concave.

Convex Polygon:  A convex polygon is defined as a 
polygon with all its interior angles less than 180°. This 
means that all the vertices of the polygon will point 
outwards, away from the interior of the shape. Think of it as 
a 'bulging' polygon. Note that a triangle (3-gon) is always 
convex.

Concave Polygon:  A concave polygon is defined as a 
polygon with one or more interior angles greater than 180°. 
It looks sort of like a vertex has been 'pushed in' towards the 
inside of the polygon. Note that a triangle (3-gon) can never 
be concave.

Exampl,e I A polygonhas22 sides. Find (a) the sum of the measures of the interior angles
and (b) the sum of the measures of the exterior angles, one angle at each
vertex.

Solution (a) Interior angle sum = (22 - 2)180 = 3600 (Theorem 2-13)
(b) Exterior angle sum = 360 (Theorem 2-14)

Polygons can be equiangular or equilateral. If a polygon is both equi-
angular and equilateral, it is called a regular polygon.

+F
Equilateral hexagon

Classroom Exercises
Is the red outline of the figure a convex polygon? If not, is it a nonconvex
polygon?

Equiangular hexagon Regular hexagon

A regular polygon has 12 sides. Find the measure of each interior angle.

Interior angle sum = (12 - 2)180 = 1800
Each ofthe 12 congruent angles has measure 1800 - 12, or 150.

Exterior angle sum = 360
Each ofthe 12 congruent exterior angles has measure 360 : 12, or 30. Since
each interior angle is a supplement of an exterior angle, each interior angle has
measure 180 - 30, or 150.

Example 2
Solution 7

blution 2

7.

8.

Imagine stretching a rubber band around each of the figures in Exer-
cises l-6. What is the relationship between the rubber band and the figure
when the figure is a convex polygon?
A polygon has 102 sides.
a. What is its interior angle sum?
b. What is its exterior angle sum?

120" ,120"

Regular hexagon
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Convex Polygon:  A convex polygon is defined as a 
polygon with all its interior angles less than 180°. This 
means that all the vertices of the polygon will point 
outwards, away from the interior of the shape. Think of it as 
a 'bulging' polygon. Note that a triangle (3-gon) is always 
convex.

Concave Polygon:  A concave polygon is defined as a 
polygon with one or more interior angles greater than 180°. 
It looks sort of like a vertex has been 'pushed in' towards the 
inside of the polygon. Note that a triangle (3-gon) can never 
be concave.

Convex Polygon:  A convex polygon is defined as a 
polygon with all its interior angles less than 180°. This 
means that all the vertices of the polygon will point 
outwards, away from the interior of the shape. Think of it as 
a 'bulging' polygon. Note that a triangle (3-gon) is always 
convex.

Concave Polygon:  A concave polygon is defined as a 
polygon with one or more interior angles greater than 180°. 
It looks sort of like a vertex has been 'pushed in' towards the 
inside of the polygon. Note that a triangle (3-gon) can never 
be concave.

Convex Polygon:  A convex polygon is defined as a 
polygon with all its interior angles less than 180°. This 
means that all the vertices of the polygon will point 
outwards, away from the interior of the shape. Think of it as 
a 'bulging' polygon. Note that a triangle (3-gon) is always 
convex.

Concave Polygon:  A concave polygon is defined as a 
polygon with one or more interior angles greater than 180°. 
It looks sort of like a vertex has been 'pushed in' towards the 
inside of the polygon. Note that a triangle (3-gon) can never 
be concave.

EB EC DA DC

2-5 Angles of a Polygon
The word polygon means "many angles." Look at the figures at the left below
and note that each polygon is formed by coplanar segments (called sides) such
that:

(l) Each segment intersects exactly two other segments, one at each end-
point.

(2) No two segments with a common endpoint are collinear.

Polygons Not polygons

NO KY
A convex polygon is a polygon such

that no line containing a side of the polygon
contains a point in the interior of the poly-
gon. If you picture the kite shown as lying
in a plane, then the outer edge of the kite is
not convex, but the outer edge ofthe yellow
part is convex.

When we refer to a polygon in this
book we will mean a convex polygon.

As shown below, polygons are named according to the number of sides. A
triangle is the simplest polygon. The terms that we applied to triangles (such as
uertex and exterior angle) also apply to other polygons.

3 sides: triangle
4 sides: quadrilateral
5 sides: pentagon
6 sides: hexagon

8 sides: octagon
l0 sides: decagon
n sides: n-gon

When referring to a polygon, we list its consecutive vertices
in order. Pentagon ABCDE and pentagon BAEDC are two of
the many correct names for the polygon shown.

A segment joining two nonconsecutive vertices is a diagonal
ofthe polygon. The diagonals ofthe pentagon at the right are
indicated by dashes.
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If you draw all the diagonals from just one vertex of a polygon, you can

determine the sum of the measures of the angles of the polygon.

4 sides
2 triangles

Angle sum = 2(180)

5 sides
3 triangles

Angle sum = 3(180)

6 sides
4 triangles

Angle sum : 4(180)

Note that the number of triangles formed in each polygon is two less than the
number of sides. This result suggests the following theorem.

1----

Theorem 2-13
The sum of the measures of the angles of a convex polygon with r sides is
(n - 2)180.

Theorem 2-13 deals with the sum of the measures of the interior angles of
a polygon and states that the sum depends on the number of sides of the
polygon. On the other hand, the sum ofthe exterior angles does not depend on
the number of sides of the polygon. It is always 360.

Theorem 2-14
The sum of the measures of the exterior angles of any convex polygon, one angle
at each vertex, is 360.

To prove Theorem 2-l4,we reason as follows. At each vertex of a polygon, the
interior and exterior angles are supplementary:

mLl + m12 - 180, m13 + mL4 - 180, and so on.

If the polygon has r vertices, then there are n pairs of supple-
mentary angles and the sum of the measures of all these angles
is 180n.

Thus: l80n - (interior angle sum) { (exterior angle sum)
180r - 180(n - 2) 4 (exterior angle sum)
l80n - l80n - 360 + (exterior angle sum)
360 - (exterior angle sum)



Interior Angle Sum = (# Triangles formed by diagonals) (180) 
Interior Angle Sum =                               (N – 2) (180)  (Sum of all interior angles) 
Exterior Angle Sum =                                         360  (Sum of all exterior angles) 
  
1.Find the sum of interior angle measures in an octagon.  Interior Angle Sum = ______ 
 
         

 
 
2.Find the sum of the exterior angle measures in an octagon. Exterior Angle Sum = ______ 
_____________________________________________________________________________ 
PRACTICE:  Find the following sums of the following angles in a convex 11-gon. 
 

a. Sum of the interior angles.      b. Sum of the exterior angles. 
 
 
 
 
 
 
______________________________________________________________________  
3. The sum of the measures of the interior angles of a regular polygon is 1800 degrees.   
 

a. How many sides does this polygon have? Classify the polygon by number of sides. 
 
 
 

b. What is the measure of each interior angle? 
 

 
 

c. What is the measure of each exterior angle? 
 
 
 
4.  Find the value of x in the diagram. 
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360 Chapter 7  Quadrilaterals and Other Polygons

What You Will LearnWhat You Will Learn
 Use the interior angle measures of polygons.

 Use the exterior angle measures of polygons.

Using Interior Angle Measures of Polygons
In a polygon, two vertices that are endpoints of 
the same side are called consecutive vertices. 
A diagonal of a polygon is a segment that 
joins two nonconsecutive vertices.

As you can see, the diagonals from one vertex 
divide a polygon into triangles. Dividing a 
polygon with n sides into (n − 2) triangles 
shows that the sum of the measures of the 
interior angles of a polygon is a multiple 
of 180°.

7.1 Lesson

 Finding the Sum of Angle Measures in a Polygon

Find the sum of the measures of the interior angles 
of the fi gure.

SOLUTION
The fi gure is a convex octagon. It has 8 sides. 
Use the Polygon Interior Angles Theorem.

 (n − 2) ⋅ 180° =  (8 − 2) ⋅ 180° Substitute 8 for n.

 =  6 ⋅ 180° Subtract.

=  1080° Multiply.

 The sum of the measures of the interior angles of the fi gure is 1080°.

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

 1. The coin shown is in the shape of an 11-gon. Find 
the sum of the measures of the interior angles. 

diagonal, p. 360
equilateral polygon, p. 361
equiangular polygon, p. 361
regular polygon, p. 361

Previous
polygon
convex
interior angles
exterior angles

Core VocabularyCore Vocabullarry

TheoremTheorem
Theorem 7.1 Polygon Interior Angles Theorem
The sum of the measures of the interior angles 
of a convex n-gon is (n − 2) ⋅ 180°.

m∠1 +  m∠2 +  . . . +  m∠n =  (n − 2) ⋅ 180°

Proof Ex. 42 (for pentagons), p. 365

REMEMBER
A polygon is convex when 
no line that contains a side 
of the polygon contains 
a point in the interior of 
the polygon.

D

EA

B

C

diagonals

A and B are consecutive vertices.
Vertex B has two diagonals,  — BD   and  — BE  .

Polygon ABCDE 

1
2

3

4
56

n =  6
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Extra Example 1
Find the sum of the measures of the 
interior angles of the figure.

1440°

MONITORING PROGRESS 
ANSWER

1. 1620°

English Language Learners

Visual
Students may mistakenly use the 
expression n ⋅ 180° instead of 
(n − 2) ⋅ 180° to find the sum of the 
measures of the interior angles in a 
convex polygon. Remind students that 
a set of diagonals drawn from a single 
vertex in a convex polygon divides it 
into (n − 2) triangles. Have students 
illustrate this by drawing several 
polygons and the diagonals from one 
vertex to each of the other vertices in 
the polygon. Then count the number 
of triangles formed.

Teacher ActionsTeacher ActionsLaurie’s Notes
• Theorem 7.1 is a statement of the results found by students in the first exploration. Note that it is 

written in the factored form. Connect this to the number of triangles formed when the diagonals 
from one vertex are drawn.

• Note that the theorem is stated for convex n-gons. While the formula is valid for concave 
polygons, reflex angles have not been defined.

• Think-Pair-Share: Have students work independently on Example 1 and then compare 
with partners.
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 Section 7.1 361

 Section 7.1  Angles of Polygons 361

 Finding an Unknown Interior Angle Measure

Find the value of x in the diagram.

SOLUTION
The polygon is a quadrilateral. Use the Corollary to the Polygon Interior Angles 
Theorem to write an equation involving x. Then solve the equation.

x° + 108° + 121° + 59° = 360° Corollary to the Polygon Interior Angles Theorem

x + 288 = 360 Combine like terms.

 x = 72 Subtract 288 from each side.

 The value of x is 72.

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

 2. The sum of the measures of the interior angles of a convex polygon is 1440°. 
Classify the polygon by the number of sides.

 3. The measures of the interior angles of a quadrilateral are x°, 3x°, 5x°, and 7x°. 
Find the measures of all the interior angles.

In an equilateral polygon, 
all sides are congruent.

In an equiangular 
polygon, all angles in the 
interior of the polygon are 
congruent.

A regular polygon is 
a convex polygon that 
is both equilateral and 
equiangular.

 

CorollaryCorollary
Corollary 7.1 Corollary to the Polygon Interior Angles Theorem
The sum of the measures of the interior angles of a quadrilateral is 360°.

Proof Ex. 43, p. 366

 Finding the Number of Sides of a Polygon

The sum of the measures of the interior angles of a convex polygon is 900°. Classify 
the polygon by the number of sides.

SOLUTION
Use the Polygon Interior Angles Theorem to write an equation involving the number 
of sides n . Then solve the equation to fi nd the number of sides.

 (n  − 2) ⋅ 180° = 900° Polygon Interior Angles Theorem

 n  − 2 = 5 Divide each side by 180 °.

n  = 7 Add 2 to each side.

 The polygon has 7 sides. It is a heptagon.

108° 121°

59°x°
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MONITORING PROGRESS 
ANSWERS

2. decagon
3. 22.5°, 67.5°, 112.5°, 157.5°

Extra Example 2
The sum of the measures of the interior 
angles of a convex polygon is 1800°. 
Classify the polygon by the number of 
sides. 12 sides; It is a dodecagon.

Extra Example 3
Find the value of x in the diagram. 

118°

111°

124°115°

145°

x°

x = 107

Teacher ActionsTeacher ActionsLaurie’s Notes
• Students become adept at remembering the list of polygon sums and may recall the number of 

sides in the polygon without solving.
 “What is a corollary?” It is a statement that follows directly from a theorem. Because 
quadrilaterals are studied in the remainder of the chapter, this corollary is stated for use in 
future problems.

• Turn and Talk: “Is it possible for a polygon to be equilateral and not equiangular? Equiangular 
and not equilateral? Both? Neither?”
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GROUP WORK:  Compare answers. 
 

 
 
7.  Complete the table for regular polygons.  Show your work. 

 
 
 
 
 
 
 
 
 
 
 
8.  
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CW #51 
 

 
 
 

 
 

Exampl,e I A polygonhas22 sides. Find (a) the sum of the measures of the interior angles
and (b) the sum of the measures of the exterior angles, one angle at each
vertex.

Solution (a) Interior angle sum = (22 - 2)180 = 3600 (Theorem 2-13)
(b) Exterior angle sum = 360 (Theorem 2-14)

Polygons can be equiangular or equilateral. If a polygon is both equi-
angular and equilateral, it is called a regular polygon.

+F
Equilateral hexagon

Classroom Exercises
Is the red outline of the figure a convex polygon? If not, is it a nonconvex
polygon?

Equiangular hexagon Regular hexagon

A regular polygon has 12 sides. Find the measure of each interior angle.

Interior angle sum = (12 - 2)180 = 1800
Each ofthe 12 congruent angles has measure 1800 - 12, or 150.

Exterior angle sum = 360
Each ofthe 12 congruent exterior angles has measure 360 : 12, or 30. Since
each interior angle is a supplement of an exterior angle, each interior angle has
measure 180 - 30, or 150.

Example 2
Solution 7

blution 2

7.

8.

Imagine stretching a rubber band around each of the figures in Exer-
cises l-6. What is the relationship between the rubber band and the figure
when the figure is a convex polygon?
A polygon has 102 sides.
a. What is its interior angle sum?
b. What is its exterior angle sum?

120" ,120"

Regular hexagon

'\M
5.\t____i '*

82 / Chapter 2

Number of sides 6 l0 20 ? ) ,| ,|

Measure of each ext. I ? ?
,| l0 20 ,| ,|

Measure of each int. / ,| ,| ,| ,| ,| t79 90

9. Complete the table for regular polygons.

A

Written Exercises
For each polygon, what is
sum?

1. Pentagon
4. Octagon

(a) the interior angle sum? (b) the exterior angle

V

2. Hexagon
5. Decagon

7. Complete the table for regular polygons.

8. A baseball diamond's home plate has
three right angles. The other two an-
gles are congruent. Find their measure.

Sketch the polygon described. If no such
polygon exists, write not possible.

9. A quadrilateral that is equiangular but
not equilateral.

10. A quadrilateral that is equilateral but
not equiangular.

11. A pentagon that is equilateral but not
'equiangular.

12. A triangle that is equilateral but not
equiangular.

13. A regular polygon, one ofwhose angles
has measure I10.

14. The face of a honeycomb consists of
interlocking regular hexagons. What is
the measure of each angle of these hex-
agons?

3. Quadrilateral
6. n-gon

Number of sides 9 l5 30 ,| ,| ,|
?

Measure of each ext. L ,|
?

,| 6 8 ,| ,|

Measure of each int. / ? ,| ,| ,| ,| 165 178

Parallel Lines and Planes / 83
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 Finding Angle Measures in Polygons

A home plate for a baseball fi eld is shown.

a. Is the polygon regular? Explain your reasoning.

b. Find the measures of ∠C and ∠E.

SOLUTION

a. The polygon is not equilateral or equiangular. So, the polygon is not regular.

b. Find the sum of the measures of the interior angles.

 (n − 2) ⋅ 180° = (5 − 2) ⋅ 180° = 540° Polygon Interior Angles Theorem

Then write an equation involving x and solve the equation.

 x° + x° + 90° + 90° + 90° = 540° Write an equation.

 2x + 270 = 540 Combine like terms.

 x = 135 Solve for x.

 So, m∠C = m∠E = 135°.

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

 4. Find m∠S and m∠ T in the diagram.

 5. Sketch a pentagon that is equilateral but not equiangular. 

Using Exterior Angle Measures of Polygons
Unlike the sum of the interior angle measures of a convex polygon, the sum of the 
exterior angle measures does not depend on the number of sides of the polygon. The 
diagrams suggest that the sum of the measures of the exterior angles, one angle at each 
vertex, of a pentagon is 360°. In general, this sum is 360° for any convex polygon.

1

5

4

3

2

Step 1 Shade one 
exterior angle 
at each vertex.

1 5

4
3

2

Step 2 Cut out the 
exterior angles.

1 5
4

3
2

360°

Step 3 Arrange the 
exterior angles 
to form 360°.

TheoremTheorem
Theorem 7.2 Polygon Exterior Angles Theorem
The sum of the measures of the exterior angles of a 
convex polygon, one angle at each vertex, is 360°.

m∠1 + m∠2 + · · · + m∠n = 360°

Proof Ex. 51, p. 366

A B

C

D

E

T S

RP
Q

93° 156° 85°

1

2 3

4

5

n = 5

JUSTIFYING STEPS
To help justify this 
conclusion, you can 
visualize a circle containing 
two straight angles. So, 
there are 180° + 180°, 
or 360°, in a circle.

180°

180°
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MONITORING PROGRESS 
ANSWERS

4. m∠S = m∠T = 103°
5. 

A

D

C

E

B

Extra Example 4
A polygon is shown. 

100°

140°
160°

A

B

C

D
E

F

G

a. Is the polygon regular? Explain your 
reasoning.
The polygon is not equiangular, so it is 
not regular.

b. Find the measures of ∠B, ∠D, ∠E, 
and ∠G. 
m∠B = m∠D = m∠E = m∠G = 125°

Differentiated Instruction

Kinesthetic
To demonstrate the Polygon Exterior 
Angles Theorem (Thm. 7.2), draw a 
large convex polygon on the floor and 
label one vertex A. Have a student 
start at vertex A and walk along the 
sides of the polygon, returning to 
the starting position. Ask the class 
“Through how many degrees did this 
student turn to start from and return to 
A?” The discussion should lead to the 
answer 360°.

Teacher ActionsTeacher ActionsLaurie’s Notes
 MP3 Construct Viable Arguments and Critique the Reasoning of Others: After 
Example 4 ask, “Is it possible for a pentagon to have four right angles? Explain.” Answers will 
vary. Listen for knowledge that the answer is no. Students may reference that the last angle 
would be 180° or that it is also impossible to construct.

• Students can discover that the measures of the exterior angles of a polygon sum to 360° using 
the method shown. Alternate approaches are suggested in the Teaching Strategy on page T-358. 
Write Theorem 7.2.
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      (Number of Triangles) (180) 
Interior Angle Sum =                   (N – 2) (180)   (Sum of all interior angles) 
Interior Angle (in Regular Polygon) =  (N – 2) (180) / N    
Exterior Angle Sum =        360    (Sum of all exterior angles) 
Exterior Angle (in Regular Polygon)  360/N 
_____________________________________________________________________________________ 
TAKE OUT   HW7.1; 2, 5, 9, 11-39 odd; 55, 56  Advanced; 45, 50 
ON SMALL BOARD 9 15 19 25 29 37 39 
GROUP   4 5 6 7 1 2 3  
 
HW7.1B; online via WWW.BIGIDEASMATH.COM 
____________________________________________________________________________________ 
CLASSWORK 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

7.1	QUIZ	REVIEW	
	

	

386 Chapter 7

386 Chapter 7  Quadrilaterals and Other Polygons

7.1–7.3 Quiz

Find the value of x. (Section 7.1)

 1.

95° 70°

x°

115°

 2. 

120°

60°

75°

x°

150°
 3. 

72°

46°

60°

55°

x°

30°

Find the measure of each interior angle and each exterior angle of the indicated regular 
polygon. (Section 7.1)

 4. decagon 5. 15-gon 6. 24-gon 7. 60-gon

Find the indicated measure in ▱ABCD. Explain your reasoning. (Section 7.2)

 8. CD 9. AD

 10. AE 11. BD

 12. m∠BCD 13. m∠ABC

 14. m∠ADC 15. m∠DBC

State which theorem you can use to show that the quadrilateral is a parallelogram. 
(Section 7.3)

 16.

7
7

 17.  18. 

63°

63°

Graph the quadrilateral with the given vertices in a coordinate plane. Then show that the 
quadrilateral is a parallelogram. (Section 7.3)

 19. Q(−5, −2), R(3, −2), S(1, −6), T(−7, −6) 20. W(−3, 7), X(3, 3), Y(1, −3), Z(−5, 1)

 21. A stop sign is a regular polygon. (Section 7.1)

a. Classify the stop sign by its number of sides.

b. Find the measure of each interior angle 
and each exterior angle of the stop sign.

 22. In the diagram of the staircase shown, JKLM is a parallelogram, — QT   #  — RS  , QT =  RS =  9 feet, QR =  3 feet, and m∠QRS =  123°. 
(Section 7.2 and Section 7.3)

a. List all congruent sides and angles in ▱JKLM. Explain your reasoning.

b. Which theorem could you use to show that QRST is a parallelogram?

c. Find ST, m∠QTS, m∠TQR, and m∠TSR. Explain your reasoning.

A

E

B

CD

7 7
10.2

16

43°

120°

J

M

K

L
Q

R

T

S
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20. 

x

y

4

6
7

2
3

1

−3
−2

431−1−4−5−6

W

X

Y

Z

  Because the slopes of  — WX   and  — YZ   are 
both −  2 — 3  , they are parallel. Because the 
slopes of  — XY   and  — WZ   are both 3, they are 

parallel. Because both pairs of opposite sides 
are parallel, WXYZ is a parallelogram by 
defi nition.

 21. a. octagon
  b. 135°, 45°
 22. See Additional Answers.

ANSWERS
1. x =  80
2. x =  135
3. x =  97
4. 144°, 36°
5. 156°, 24°
6. 165°, 15°
7. 174°, 6°
8. 16; By the Parallelogram Opposite 

Sides Theorem (Thm. 7.3), 
AB =  CD.

9. 7; By the Parallelogram Opposite 
Sides Theorem (Thm. 7.3), 
AD =  BC.

10. 7; By the Parallelogram Diagonals 
Theorem (Thm. 7.6), AE =  EC.

11. 20.4; By the Parallelogram Diagonals 
Theorem (Thm. 7.6), BE =  ED. So, 
BD =  2 ⋅ 10.2.

 12. 120°; By the Parallelogram Opposite 
Angles Theorem (Thm. 7.4), 
m∠DAB =  m∠BCD.

13. 60°; By the Parallelogram 
Consecutive Angles Theorem 
(Thm. 7.5), ∠DAB and ∠ABC are 
supplementary. So, 
m∠ABC =  180° − 120°.

14. 60°; By the Parallelogram 
Consecutive Angles Theorem 
(Thm. 7.5), ∠DAB and ∠ADC 
are supplementary. So, 
m∠ADC =  180° − 120°.

15. 43°; By the Alternate Interior Angles 
Theorem (Thm. 3.2), 
m∠DBC =  m∠ADB.

16. Opposite Sides Parallel and 
Congruent Theorem (Thm. 7.9)

17. Parallelogram Diagonals Converse 
(Thm. 7.10)

18. Parallelogram Opposite Angles 
Converse (Thm 7.8)

19. 

x

y

2
3

1

−3
−4
−5

−7

321−2−1−3−4−5−6−7
Q R

ST

Because QR =  ST =  8,  — QR   ≅   — ST . 
Because both  — QR   and  — ST   are 
horizontal lines, their slope is 0, 
and they are parallel.  — QR   and  — ST   
are opposite sides that are both 
congruent and parallel. So, QRST is a 
parallelogram by the Opposite Sides 
Parallel and Congruent Theorem 
(Thm. 7.9).
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