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CHAPTER 6 NOTES 

POLYGONS 3 
 
 INTRODUCTION 
In Chapter 6, we move from triangles to shapes with more sides, specifically four. We will 
look at the five main 4-sided shapes and their characteristics. 
 
 
  POLYGONS 
Any closed, plane figure that is built from three or 
more segments (no curves!) is called a polygon.  
 
“poly” means many and “-gon” means sides. 
 
Closed – no gaps or “crossovers” in the segments 
Plane – flat or two-dimensional 
 
 
 
 
 
 
 

A, B & C are all polygons. D, E & F are not polygons. 
 
 
  CLASSIFYING (NAMING) POLYGONS 
Polygons get their names from how many sides they have. In general, we put the 
correct prefix in front of the “-gon” suffix. There are some exceptions. 
 

Sides Name Sides Name 

3 TRIANGLE 8 OCTAGON 

4 QUADRILATERAL 9 NONAGON 

5 PENTAGON 10 DECAGON 

6 HEXAGON 12 DODECAGON 

7 SEPTAGON or HEPTAGON n n–gon 

 
 
< end of page > 
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Polygons
DESCRIBING POLYGONS

A is a plane figure that meets the
following conditions.

1. It is formed by three or more segments
called such that no two sides with a
common endpoint are collinear. 

2. Each side intersects exactly two other sides, one at each endpoint.

Each endpoint of a side is a of the polygon. The plural of vertex is
vertices. You can name a polygon by listing its vertices consecutively. For
instance, PQRST and QPTSR are two correct names for the polygon above.

Identifying Polygons

State whether the figure is a polygon. If it is not, explain why.

SOLUTION

Figures A, B, and C are polygons.

• Figure D is not a polygon because it has a side that is not a segment.

• Figure E is not a polygon because two of the sides intersect only one other side.

• Figure F is not a polygon because some of its sides intersect more than two
other sides. 

. . . . . . . . . . 

Polygons are named by the number of sides they have. 

E X A M P L E  1

vertex

sides,

polygon

GOAL 1

Identify, name, and
describe polygons such as 
the building shapes in
Example 2.

Use the sum of the
measures of the interior
angles of a quadrilateral.

! To describe real-life
objects, such as the parachute
in Exs. 21–23.

Why you should learn it

GOAL 2

GOAL 1

What you should learn

6.1

A B C
D

E

F

Number of sides Type of polygon

8 Octagon

9 Nonagon

10 Decagon

12 Dodecagon

n n-gon

Number of sides Type of polygon

3 Triangle

4 Quadrilateral

5 Pentagon

6 Hexagon

7 Heptagon

STUDENT HELP

Study Tip
To name a polygon not
listed in the table, use
the number of sides. For
example, a polygon with
14 sides is a 14-gon.

vertex

side

vertex

q

P

T S

R

RE

AL LIFE

RE

AL LIFE

322 Chapter 6 Quadrilaterals

Polygons
DESCRIBING POLYGONS

A is a plane figure that meets the
following conditions.

1. It is formed by three or more segments
called such that no two sides with a
common endpoint are collinear. 

2. Each side intersects exactly two other sides, one at each endpoint.

Each endpoint of a side is a of the polygon. The plural of vertex is
vertices. You can name a polygon by listing its vertices consecutively. For
instance, PQRST and QPTSR are two correct names for the polygon above.

Identifying Polygons

State whether the figure is a polygon. If it is not, explain why.

SOLUTION

Figures A, B, and C are polygons.

• Figure D is not a polygon because it has a side that is not a segment.

• Figure E is not a polygon because two of the sides intersect only one other side.

• Figure F is not a polygon because some of its sides intersect more than two
other sides. 

. . . . . . . . . . 

Polygons are named by the number of sides they have. 

E X A M P L E  1

vertex

sides,

polygon

GOAL 1

Identify, name, and
describe polygons such as 
the building shapes in
Example 2.

Use the sum of the
measures of the interior
angles of a quadrilateral.

! To describe real-life
objects, such as the parachute
in Exs. 21–23.

Why you should learn it

GOAL 2

GOAL 1

What you should learn

6.1

A B C
D

E

F

Number of sides Type of polygon

8 Octagon

9 Nonagon

10 Decagon

12 Dodecagon

n n-gon

Number of sides Type of polygon

3 Triangle

4 Quadrilateral

5 Pentagon

6 Hexagon

7 Heptagon

STUDENT HELP

Study Tip
To name a polygon not
listed in the table, use
the number of sides. For
example, a polygon with
14 sides is a 14-gon.

vertex

side

vertex

q

P

T S

R

RE

AL LIFE

RE

AL LIFE



CHAPTER 6 NOTES 

4 POLYGONS 
 
  CONCAVE v. CONVEX 
CONCAVE  polygons are “dented”. 
That means if one side was 
extended, it would go through the 
interior. 
 
CONVEX polygons are not dented. 
None of the sides, when extended, 
will enter the interior. 
 
 
  REGULAR POLYGONS 
When a polygon has all sides congruent (equilateral) and 
all angles congruent (equiangular) at the same time, it is 
referred to as regular. 
 
All regular polygons must be drawn in the nice “circular” 
way. As usual, look for lots of tick and angle marks. 
 
 
  DIAGONALS 
A diagonal of a polygon is a segment that joins any two 
nonconsecutive vertices.  
 
Non-consecutive means NOT next to each other. 
 
 
  INTERIOR ANGLES OF QUADRILATERALS 
A quadrilateral is a polygon with four sides. “quad-” means four and “-lateral” 
means sides. A pattern exists with the interior angles of all quadrilaterals. 
 
 
THEOREM 6.1 – The sum of the interior angles of any 
quadrilateral will ALWAYS be 360°. 
 
 
< end of page> 
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A polygon is if no line that
contains a side of the polygon contains
a point in the interior of the polygon. 
A polygon that is not convex is called

or

Identifying Convex and Concave Polygons

Identify the polygon and state whether it is convex or concave.

a. b.

SOLUTION

a. The polygon has 8 sides, so it is an octagon.
When extended, some of the sides intersect
the interior, so the polygon is concave.

b. The polygon has 5 sides, so it is a pentagon.
When extended, none of the sides intersect 
the interior, so the polygon is convex.

. . . . . . . . . . 

A polygon is if all of its sides are congruent. A polygon is
if all of its interior angles are congruent. A polygon is if it

is equilateral and equiangular.

Identifying Regular Polygons

Decide whether the polygon is regular.

a. b. c.

SOLUTION

a. The polygon is an equilateral quadrilateral, but not equiangular. So,
it is not a regular polygon.

b. This pentagon is equilateral and equiangular. So, it is a regular polygon.

c. This heptagon is equilateral, but not equiangular. So, it is not regular.

E X A M P L E  3

regularequiangular
equilateral

E X A M P L E  2

concave.nonconvex

convex

interior
interior

This tile pattern in Iran
contains both convex and
concave polygons.

convex polygon concave polygon
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INTERIOR ANGLES OF QUADRILATERALS

A of a polygon is a segment
that joins two nonconsecutive vertices.
Polygon PQRST has 2 diagonals from
point Q, QTÆ and QSÆ. 

Like triangles, quadrilaterals have both interior and exterior angles. If you draw a
diagonal in a quadrilateral, you divide it into two triangles, each of which has
interior angles with measures that add up to 180°. So you can conclude that the
sum of the measures of the interior angles of a quadrilateral is 2(180°), or 360°. 

THEOREM

Interior Angles of a Quadrilateral

Find m™Q and m™R.

SOLUTION

Find the value of x. Use the sum of the measures of
the interior angles to write an equation involving x.
Then, solve the equation.

x° + 2x° + 70° + 80° = 360° Sum of measures of int. √ of a quad. is 360°.

3x + 150 = 360 Combine like terms.

3x = 210 Subtract 150 from each side.

x = 70 Divide each side by 3.

Find m™Q and m™R. 

m™Q = x° = 70°

m™R = 2x° = 140°

! So, m™Q = 70° and m™R = 140°.

E X A M P L E  4

diagonal

GOAL 2

THEOREM 6.1 Interior Angles of a Quadrilateral
The sum of the measures of the interior angles of a
quadrilateral is 360°.

m™1 + m™2 + m™3 + m™4 = 360°

THEOREM 

1

2

3

4

R

S

q

P
T diagonals

A

B

C

A

B

D

C C

A D

x !

80!

70!

2x !

P

q
R

S

STUDENT HELP

Study Tip
Two vertices that are
endpoints of the same
side are called
consecutive vertices. For
example, P and Q are
consecutive vertices.

Using
Algebra

xyxy
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PARALLELOGRAMS 5 
 
 INTRODUCTION  
Polygons that have four sides are called quadrilaterals. There are six different 
quadrilaterals. Some are unique, but most of them share features. In this chapter we will 
study each of these six shapes. 
 
  PARALLELOGRAMS 
A quadrilateral (4-sided shape) that has both pairs 
of opposite sides parallel is called a parallelogram.  
 
Shown: parallelogram PQRS or  
 
 
 
  PROPERTIES OF PARALLELOGRAMS 
Besides having four sides and 2 pairs of parallel lines, parallelograms have many 
other important properties. Each one is represented by its own theorem. 
 
 
THEOREM 6.2 – If a quadrilateral is a parallelogram, 
then both pairs of opposite sides are congruent.  
 
 
THEOREM 6.3 – If a quadrilateral is a parallelogram, 
then both pairs of opposite angles are congruent.  
 
 
THEOREM 6.4 – If a quadrilateral is a parallelogram, 
then its’ consecutive angles are supplementary.  
 
 
THEOREM 6.5 – If a quadrilateral is a parallelogram, 
then its’ diagonals will bisect each other.  
 
 
< end of page > 

330 Chapter 6 Quadrilaterals

RE

AL LIFE

RE

AL LIFE

Properties of Parallelograms
PROPERTIES OF PARALLELOGRAMS

In this lesson and in the rest of the chapter you will study special quadrilaterals.
A  is a quadrilateral with both pairs of opposite sides parallel.

When you mark diagrams of quadrilaterals, 
use matching arrowheads to indicate which 
sides are parallel. For example, in the diagram 
at the right, PQÆ ∞ RSÆ and QRÆ ∞ SPÆ. The symbol
⁄PQRS is read “parallelogram PQRS.”

Theorem 6.2 is proved in Example 5. You are asked to prove Theorem 6.3,
Theorem 6.4, and Theorem 6.5 in Exercises 38–44.THEOREMS ABOUT

PARALLELOGRAMS

parallelogram

GOAL 1

Use some
properties of parallelograms.

Use properties of
parallelograms in real-life
situations, such as the
drafting table shown in
Example 6.

! You can use properties of
parallelograms to understand
how a scissors lift works in 
Exs. 51–54.

Why you should learn it

GOAL 2

GOAL 1

What you should learn

6.2

q

P

R

S

THEOREM 6.2

If a quadrilateral is a parallelogram, then its
opposite sides are congruent.

PQ
Æ

£ RS
Æ

and SP
Æ

£ QR
Æ

THEOREM 6.3

If a quadrilateral is a parallelogram, then its
opposite angles are congruent.

™P £ ™R and ™Q £ ™S

THEOREM 6.4

If a quadrilateral is a parallelogram, then its
consecutive angles are supplementary.

m™P + m™Q = 180°, m™Q + m™R = 180°,

m™R + m™S = 180°, m™S + m™P = 180°

THEOREM 6.5 

If a quadrilateral is a parallelogram, then its 
diagonals bisect each other.

QM
Æ

£ SM
Æ

and PM
Æ

£ RM
Æ

THEOREMS ABOUT PARALLELOGRAMS

q

P

R

S

q

P

R

S

q

P

R

S

q

P

R

M

S
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6 PARALLELOGRAMS 
 
  PROVING QUADRILATERALS ARE PARALLELOGRAMS 
To prove that a quadrilateral is a parallelogram, you need to do the following… 
 

(1) establish that the shape has four sides (quadrilateral) 
(2) establish that the shape meets any one of the four properties 

 
 

Each possible way to prove this is represented by its’ own theorem 
(Theorems 6.6 – 6.9) 

SEE TEXTBOOK PAGE 340 
 
These theorems are nothing more than the converses of the ones listed earlier in 
the notes. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
< end of page >  
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SPECIAL PARALLELOGRAMS 7 
 
By definition, all we need to have for a parallelogram is both pairs of opposite 
sides parallel. 
 
BUT, if we add something extra to that, then the parallelogram can turn into one 
of three special parallelograms (which are also quadrilaterals). 
 
 
  RHOMBUS  
If a parallelogram has four congruent sides, then it is 
called a rhombus.  
 
 
 
 
 
     PROPERTIES OF RHOMBUSES  
 
 
THEOREM 6.11 – A parallelogram is a rhombus IFF 
its diagonals are perpendicular.  
 
 
 
 
THEOREM 6.12 – A parallelogram is a rhombus IFF 
each diagonal bisects a pair of opposite angles.  
 
 
 
 
Notice that each of these Theorems say what a parallelogram must have in order 
to be called a rhombus. 
 
This means that you must meet the requirements of the parallelogram first 
before you can try to classify it as a rhombus. 
 
 
< end of page > 
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Rhombuses, Rectangles, 
and Squares

PROPERTIES OF SPECIAL PARALLELOGRAMS

In this lesson you will study three special types of parallelograms: rhombuses,
rectangles, and squares.

The Venn diagram at the right 
shows the relationships among 
parallelograms, rhombuses, 
rectangles, and squares. Each shape 
has the properties of every group 
that it belongs to. For instance, a 
square is a rectangle, a rhombus, 
and a parallelogram, so it has all 
of the properties of each of those 
shapes.

Describing a Special Parallelogram

Decide whether the statement is always, sometimes, or never true.

a. A rhombus is a rectangle.

b. A parallelogram is a rectangle.

SOLUTION

a. The statement is sometimes true.
In the Venn diagram, the regions 
for rhombuses and rectangles 
overlap. If the rhombus is a 
square, it is a rectangle. 

b. The statement is sometimes true. Some parallelograms are rectangles. In the
Venn diagram, you can see that some of the shapes in the parallelogram box
are in the region for rectangles, but many aren’t. 

E X A M P L E  1

A  rhombus is a
parallelogram with 
four congruent sides.

A  rectangle is a
parallelogram with 
four right angles.

A  square is a
parallelogram with 
four congruent sides 
and four right angles.

GOAL 1

Use properties of
sides and angles of
rhombuses, rectangles, 
and squares.

Use properties of
diagonals of rhombuses,
rectangles, and squares.

! To simplify real-life tasks,
such as checking whether a
theater flat is rectangular in
Example 6.

Why you should learn it

GOAL 2

GOAL 1

What you should learn

6.4

RE

AL LIFE

RE

AL LIFE

parallelograms

rhombuses rectangles
squares

parallelograms

rhombuses rectangles
squares
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USING DIAGONALS OF SPECIAL PARALLELOGRAMS

The following theorems are about diagonals of rhombuses and rectangles. You
are asked to prove Theorems 6.12 and 6.13 in Exercises 51, 52, 59, and 60.

You can rewrite Theorem 6.11 as a conditional statement and its converse.

Conditional statement: If the diagonals of a parallelogram are perpendicular, then
the parallelogram is a rhombus.

Converse: If a parallelogram is a rhombus, then its diagonals are perpendicular.

To prove the theorem, you must prove both statements.

Proving Theorem 6.11

Write a paragraph proof of the converse above.

GIVEN ! ABCD is a rhombus.

PROVE ! ACÆ fi BDÆ

SOLUTION

Paragraph Proof ABCD is a rhombus, so ABÆ £ CBÆ. Because ABCD is a
parallelogram, its diagonals bisect each other so AXÆ £ CXÆ and BXÆ £ BXÆ. Use
the SSS Congruence Postulate to prove ¤AXB £ ¤CXB, so ™AXB £ ™CXB.
Then, because ACÆ and BDÆ intersect to form congruent adjacent angles, ACÆ fi BDÆ. 

E X A M P L E  4

GOAL 2

THEOREM 6.11  

A parallelogram is a rhombus if and only if its
diagonals are perpendicular.

ABCD is a rhombus if and only if AC
Æ

fi BD
Æ

.

THEOREM 6.12  

A parallelogram is a rhombus if and only if each
diagonal bisects a pair of opposite angles.

ABCD is a rhombus if and only if 
AC
Æ 

bisects ™DAB and ™BCD and 
BD
Æ

bisects ™ADC and ™CBA.

THEOREM 6.13  

A parallelogram is a rectangle if and only if its
diagonals are congruent.

ABCD is a rectangle if and only if AC
Æ

£ BD
Æ

.

THEOREMS

A

C

D

B

A

B C

D

A B

CD

A
B

D
C

X

HOMEWORK HELP
Visit our Web site

www.mcdougallittell.com
for extra examples.
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8 SPECIAL PARALLELORGRAMS 
 
  RECTANGLE  
If a parallelogram has four right angles, then it is 
called a rectangle.  
 
 
 
 
   PROPERTIES OF RECTANGLES  
 
 
THEOREM 6.13 – A parallelogram is a rectangle IFF its 
diagonals are congruent.  
 
 
 
 
  SQUARE  
If a parallelogram has four congruent sides AND four 
right angles, then it is called a square.  
 
 
 
 
   PROPERTIES OF SQUARES  
 
Notice that squares require properties of rhombuses AND rectangles… 

(four congruent sides….four right angles) 
 

Therefore, the properties of square are the same as those for rhombuses and 
rectangles. 
 
 
 
 
 
 
< end of page > 
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Rhombuses, Rectangles, 
and Squares

PROPERTIES OF SPECIAL PARALLELOGRAMS

In this lesson you will study three special types of parallelograms: rhombuses,
rectangles, and squares.

The Venn diagram at the right 
shows the relationships among 
parallelograms, rhombuses, 
rectangles, and squares. Each shape 
has the properties of every group 
that it belongs to. For instance, a 
square is a rectangle, a rhombus, 
and a parallelogram, so it has all 
of the properties of each of those 
shapes.

Describing a Special Parallelogram

Decide whether the statement is always, sometimes, or never true.

a. A rhombus is a rectangle.

b. A parallelogram is a rectangle.

SOLUTION

a. The statement is sometimes true.
In the Venn diagram, the regions 
for rhombuses and rectangles 
overlap. If the rhombus is a 
square, it is a rectangle. 
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Venn diagram, you can see that some of the shapes in the parallelogram box
are in the region for rectangles, but many aren’t. 
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A  rhombus is a
parallelogram with 
four congruent sides.

A  rectangle is a
parallelogram with 
four right angles.

A  square is a
parallelogram with 
four congruent sides 
and four right angles.

GOAL 1

Use properties of
sides and angles of
rhombuses, rectangles, 
and squares.

Use properties of
diagonals of rhombuses,
rectangles, and squares.

! To simplify real-life tasks,
such as checking whether a
theater flat is rectangular in
Example 6.

Why you should learn it

GOAL 2

GOAL 1

What you should learn
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There are some quadrilaterals that do not meet the requirements of being 
parallelograms. These two shapes are the last two that we will examine. 
 
  TRAPEZOID 
A quadrilateral that has exactly one pair of parallel 
sides is called a trapezoid. 
 
The two sides that are parallel are called the bases. 
The two sides that are not parallel are called the legs. 
 
The angles that are on each end of the bases are called base angles. 
  
 
If the two legs are congruent, then the trapezoid is called 
an isosceles trapezoid.  
 
 
 
  PROPERTIES OF TRAPEZOIDS 
 
 
THEOREM 6.14 – If a trapezoid is isosceles, then each pair of base angles is 
congruent 
 
 
THEOREM 6.15 – If a trapezoid has a pair of 
congruent base angles, then it is an isosceles 
trapezoid. 
 
 
THEOREM 6.16 – A trapezoid is isosceles IFF its’ 
diagonals are congruent.  
 
 
 
 
 
< end of page > 

356 Chapter 6 Quadrilaterals

Trapezoids and Kites
USING PROPERTIES OF TRAPEZOIDS

A is a quadrilateral with exactly one pair
of parallel sides. The parallel sides are the  
A trapezoid has two pairs of For
instance, in trapezoid ABCD, ™D and ™C are one
pair of base angles. The other pair is ™A and ™B.
The nonparallel sides are the  of the trapezoid.

If the legs of a trapezoid are congruent, then the
trapezoid is an  

You are asked to prove the following theorems in the
exercises.

THEOREMS

Using Properties of Isosceles Trapezoids

PQRS is an isosceles trapezoid. 
Find m™P, m™Q, and m™R. 

SOLUTION PQRS is an isosceles trapezoid, so m™R = m™S = 50°. Because
™S and ™P are consecutive interior angles formed by parallel lines, they are
supplementary. So, m™P = 180° º 50° = 130°, and m™Q = m™P = 130°.

E X A M P L E  1

isosceles trapezoid.

legs

base angles.
bases.

trapezoid

GOAL 1

Use properties of
trapezoids.

Use properties of
kites.

! To solve real-life
problems, such as planning
the layers of a layer cake in
Example 3.

Why you should learn it

GOAL 2

GOAL 1

What you should learn

6.5
A B

CD

leg leg

base

base

THEOREM 6.14

If a trapezoid is isosceles, then each pair of 
base angles is congruent.

™A £ ™B, ™C £ ™D

THEOREM 6.15

If a trapezoid has a pair of congruent base 
angles, then it is an isosceles trapezoid.

ABCD is an isosceles trapezoid.

THEOREM 6.16

A trapezoid is isosceles if and only if its 
diagonals are congruent.

ABCD is isosceles if and only if AC
Æ

£ BD
Æ

.

THEOREMS 
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CD
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CD
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10 TRAPEZOIDS 
 
In a triangle, a midsegment was a segment that connected the midpoints of any 
two of its’ sides. 
 
 
For a trapezoid, the midsegment is a swegment 
that connects the midpoints of the two legs. 
 
 
 
 PROPERTIES OF TRAPEZOID MIDSEGMENTS 
Trapezoid midsegments have two main properties that are similar to the ones for 
triangles. They are represented by a Midsegment Theorem. 
 
The midsegment of a trapezoid… 
     …is parallel to each of the two bases AND 
     …is half the sum of the two bases 
 
 
THEOREM 6.17 – The midsegment of a trapezoid is 
parallel to the bases AND is half the sum of the lengths 
of the bases.  
 
 
Shown: MN is parallel to BC and AD. Also, MN = ½(BC + AD) 
 
 
 
 
 
 
 
 
 
 
 
 
< end of page > 
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Using Properties of Trapezoids

Show that ABCD is a trapezoid. 

SOLUTION

Compare the slopes of opposite sides.

The slope of ABÆ = !
5
0

º
º

0
5! = !º

5
5! = º1.

The slope of CDÆ = !47
º
º

7
4! = !

º
3
3
! = º1.

The slopes of ABÆ and CDÆ are equal, so ABÆ ∞ CDÆ.

The slope of BCÆ = !74
º
º

5
0! = !

2
4! = !

1
2!.

The slope of ADÆ = !
4
7

º
º

0
5! = !

4
2! = 2.

The slopes of BCÆ and ADÆ are not equal, so BCÆ is not parallel to ADÆ.

! So, because ABÆ ∞ CDÆ and BCÆ is not parallel to ADÆ, ABCD is a trapezoid.
. . . . . . . . . .

The of a trapezoid is the segment
that connects the midpoints of its legs. Theorem
6.17 is similar to the Midsegment Theorem for
triangles. You will justify part of this theorem in
Exercise 42. A proof appears on page 839.

THEOREM

Finding Midsegment Lengths of Trapezoids

LAYER CAKE A baker is making a cake like the
one at the right. The top layer has a diameter of

8 inches and the bottom layer has a diameter of 20
inches. How big should the middle layer be?

SOLUTION

Use the Midsegment Theorem for Trapezoids.

DG = !
1
2!(EF + CH) = !

1
2!(8 + 20) = 14 inches
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AL LIFE
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E X A M P L E  3

midsegment

E X A M P L E  2

A (5, 0)

C (4, 7)

B (0, 5)
D (7, 4)

x

y

1

1

B C

DA

midsegment

THEOREM 6.17 Midsegment Theorem for Trapezoids
The midsegment of a trapezoid is parallel
to each base and its length is one half the
sum of the lengths of the bases.

MN
Æ

∞ AD
Æ

, MN
Æ

∞ BC
Æ

, MN = !
1
2!(AD + BC)

THEOREM 
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G

H
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for extra examples.

IN
TE

RNET

STUDENT HELP

6.5 Trapezoids and Kites 357

Using Properties of Trapezoids

Show that ABCD is a trapezoid. 

SOLUTION

Compare the slopes of opposite sides.

The slope of ABÆ = !
5
0

º
º

0
5! = !º

5
5! = º1.

The slope of CDÆ = !47
º
º

7
4! = !

º
3
3
! = º1.

The slopes of ABÆ and CDÆ are equal, so ABÆ ∞ CDÆ.

The slope of BCÆ = !74
º
º

5
0! = !

2
4! = !

1
2!.

The slope of ADÆ = !
4
7

º
º

0
5! = !

4
2! = 2.

The slopes of BCÆ and ADÆ are not equal, so BCÆ is not parallel to ADÆ.

! So, because ABÆ ∞ CDÆ and BCÆ is not parallel to ADÆ, ABCD is a trapezoid.
. . . . . . . . . .

The of a trapezoid is the segment
that connects the midpoints of its legs. Theorem
6.17 is similar to the Midsegment Theorem for
triangles. You will justify part of this theorem in
Exercise 42. A proof appears on page 839.

THEOREM

Finding Midsegment Lengths of Trapezoids

LAYER CAKE A baker is making a cake like the
one at the right. The top layer has a diameter of

8 inches and the bottom layer has a diameter of 20
inches. How big should the middle layer be?

SOLUTION

Use the Midsegment Theorem for Trapezoids.

DG = !
1
2!(EF + CH) = !

1
2!(8 + 20) = 14 inches
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E X A M P L E  3

midsegment

E X A M P L E  2

A (5, 0)

C (4, 7)

B (0, 5)
D (7, 4)

x

y

1

1

B C

DA

midsegment

THEOREM 6.17 Midsegment Theorem for Trapezoids
The midsegment of a trapezoid is parallel
to each base and its length is one half the
sum of the lengths of the bases.
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KITES 11 
 
The last quadrilateral we will look at is easy to recognize and work with, since it 
shares very few properties with the others. 
 
  KITE 
A quadrilateral that has two pairs of consecutive sides 
congruent is called a kite. 
 
NOTE! In a kite, opposite sides are NOT congruent! 
 
 
     PROPERTIES OF KITES 
 
THEOREM 6.18 – If a quadrilateral is a kite, then its 
diagonals are perpendicular. 
 
 
 
 
 
THEOREM 6.19 – If a quadrilateral is a kite, then exactly 
one pair of opposite angles are congruent. (across from 
the shorter diagonal)  
 
 
 
 
 
< end of page > 
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USING PROPERTIES OF KITES

A  is a quadrilateral that has two pairs of consecutive 
congruent sides, but opposite sides are not congruent. 
You are asked to prove Theorem 6.18 and Theorem 6.19 
in Exercises 46 and 47.

THEOREMS ABOUT KITES

Using the Diagonals of a Kite

WXYZ is a kite so the diagonals are perpendicular. You can
use the Pythagorean Theorem to find the side lengths.

WX = !2"0"2"+" 1"2"2" ≈ 23.32

XY = !1"2"2"+" 1"2"2" ≈ 16.97

Because WXYZ is a kite, WZ = WX ≈ 23.32 and ZY = XY ≈ 16.97.

Angles of a Kite

Find m™G and m™J in the diagram at the right.

SOLUTION

GHJK is a kite, so ™G £ ™J and m™G = m™J.

2(m™G) + 132° + 60° = 360° Sum of measures of int. √ of a quad. is 360°.

2(m™G) = 168° Simplify.

m™G = 84° Divide each side by 2.

! So, m™J = m™G = 84°.

E X A M P L E  5

E X A M P L E  4

kite

GOAL 2

THEOREM 6.18

If a quadrilateral is a kite, then
its diagonals are perpendicular.

ACÆ fi BDÆ

THEOREM 6.19

If a quadrilateral is a kite, then 
exactly one pair of opposite angles 
are congruent.

THEOREMS ABOUT KITES

A

B

C

D

A

B

C

D

W

X

Y

Z

U
12

12
12

20

Using
Algebra

xyxy

G

H

J

K60!132!

The simplest of flying kites
often use the geometric
kite shape.

™A £ ™C, ™B ‹ ™D
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12 SUMMARY OF QUADRILATERALS 
 
The diagram shown here shows how the six quadrilaterals are organized. 
 
 
 
 
 
 
 
 
 
 
 
 
 
The figure below (called a Venn Diagram) shows how the special parallelograms 
are categorized. 
 
 
 
 
 
 
 
 
 
 
 
 
Notice how a square is a type of rhombus or rectangle. Also notice how 
rhombuses, rectangles and squares are special types of parallelograms 
 
 
 
 
 
 
< end of page > 
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Special Quadrilaterals
SUMMARIZING PROPERTIES OF QUADRILATERALS

In this chapter, you have studied the
seven special types of quadrilaterals
at the right. Notice that each shape has
all the properties of the shapes linked
above it. For instance, squares have the
properties of rhombuses, rectangles,
parallelograms, and quadrilaterals.

Identifying Quadrilaterals

Quadrilateral ABCD has at least one pair of opposite sides congruent. What kinds
of quadrilaterals meet this condition?

SOLUTION

There are many possibilities.

Connecting Midpoints of Sides

When you join the midpoints of the sides of any quadrilateral, what special 
quadrilateral is formed? Why?

SOLUTION

Let E, F, G, and H be the midpoints of the sides of
any quadrilateral, ABCD, as shown. 

If you draw ACÆ, the Midsegment Theorem for
triangles says FGÆ ∞ ACÆ and EHÆ ∞ ACÆ, so FGÆ ∞ EHÆ.
Similar reasoning shows that EFÆ ∞ HGÆ. 

! So, by definition, EFGH is a parallelogram.

E X A M P L E  2

E X A M P L E  1

GOAL 1

Identify special
quadrilaterals based on
limited information.

Prove that a
quadrilateral is a special type
of quadrilateral, such as a
rhombus or a trapezoid.

" To understand and
describe real-world shapes
such as gem facets in 
Exs. 42 and 43.

Why you should learn it

GOAL 2

GOAL 1

What you should learn

6.6

D
B

A

C

E F

GH

quadrilateral

kite parallelogram trapezoid

rhombus rectangle isosceles
trapezoid

square

PARALLELOGRAM RHOMBUS RECTANGLE SQUARE
ISOSCELES
TRAPEZOID

RE

AL LIFE
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AL LIFE

A

B C

D A D

B C

A D

B C

A D

B C

A D

B C

Opposite sides
are congruent.

All sides are
congruent.

Opposite sides
are congruent.

All sides are
congruent.

Legs are 
congruent.

6.4 Rhombuses, Rectangles, and Squares 347

Rhombuses, Rectangles, 
and Squares

PROPERTIES OF SPECIAL PARALLELOGRAMS

In this lesson you will study three special types of parallelograms: rhombuses,
rectangles, and squares.

The Venn diagram at the right 
shows the relationships among 
parallelograms, rhombuses, 
rectangles, and squares. Each shape 
has the properties of every group 
that it belongs to. For instance, a 
square is a rectangle, a rhombus, 
and a parallelogram, so it has all 
of the properties of each of those 
shapes.

Describing a Special Parallelogram

Decide whether the statement is always, sometimes, or never true.

a. A rhombus is a rectangle.

b. A parallelogram is a rectangle.

SOLUTION

a. The statement is sometimes true.
In the Venn diagram, the regions 
for rhombuses and rectangles 
overlap. If the rhombus is a 
square, it is a rectangle. 

b. The statement is sometimes true. Some parallelograms are rectangles. In the
Venn diagram, you can see that some of the shapes in the parallelogram box
are in the region for rectangles, but many aren’t. 

E X A M P L E  1

A  rhombus is a
parallelogram with 
four congruent sides.

A  rectangle is a
parallelogram with 
four right angles.

A  square is a
parallelogram with 
four congruent sides 
and four right angles.

GOAL 1

Use properties of
sides and angles of
rhombuses, rectangles, 
and squares.

Use properties of
diagonals of rhombuses,
rectangles, and squares.

! To simplify real-life tasks,
such as checking whether a
theater flat is rectangular in
Example 6.

Why you should learn it

GOAL 2

GOAL 1

What you should learn

6.4
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AL LIFE
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AL LIFE

parallelograms

rhombuses rectangles
squares

parallelograms

rhombuses rectangles
squares
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AREAS OF QUADRILATERALS 13 
 
In geometry we are often interested in the numeric measurements of shapes 
such as perimeter, area, surface area and volume. 
 
  IMPORTANT AREA CONCEPTS 
Area Congruence Postulate – If two polygons are congruent, then their areas 
are the same. 
 
Area Addition Postulate – If a figure is made from several smaller figures, then 
the area of the whole thing is equal to the sum of the individual pieces. 
 

QUADRILATERAL AREA FORMULAS 

Rectangle 
A = b • h 
A = L • W 

 

Square A = s2  

Parallelogram A = b • h 
 

Rhombus A = ½(d1)(d2) 

 

Trapezoid A = ½(b1 + b2)h 

 

Kite A = ½(d1)(d2) 

 
 
 
< end of page > 
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Find the areas of
squares, rectangles,
parallelograms, and triangles.

Find the areas of
trapezoids, kites, and
rhombuses, as applied in
Example 6.

! To find areas of real-life
surfaces, such as the roof of
the covered bridge 
in Exs. 48 and 49.

Why you should learn it

GOAL 2

GOAL 1

What you should learn

6.7
RE

AL LIFE

RE

AL LIFE

Areas of Triangles and
Quadrilaterals

USING AREA FORMULAS

You can use the postulates below to prove several area theorems.

You can justify the area formulas for triangles and parallelograms as follows.

GOAL 1

THEOREM 6.20 Area of a Rectangle
The area of a rectangle is the
product of its base and height. 

A = bh

THEOREM 6.21 Area of a Parallelogram
The area of a parallelogram is the product of
a base and its corresponding height. 

A = bh

THEOREM 6.22 Area of a Triangle
The area of a triangle is one half the product
of a base and its corresponding height. 

A = !
1
2!bh

AREA THEOREMS

b

h

b

h

b

h

b

h

b

h

The area of a parallelogram is the
area of a rectangle with the same 
base and height.

The area of a triangle is half the 
area of a parallelogram with the 
same base and height.

POSTULATE 22 Area of a Square Postulate
The area of a square is the square of the length of its side, or A = s2.

POSTULATE 23 Area Congruence Postulate
If two polygons are congruent, then they have the same area.

POSTULATE 24 Area Addition Postulate
The area of a region is the sum of the areas of its nonoverlapping parts.

AREA POSTULATES
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AREA THEOREMS
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AREA POSTULATES
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AREAS OF TRAPEZOIDS, KITES, AND RHOMBUSES

AREA THEOREMS

You will justify Theorem 6.23 in Exercises 58 
and 59. You may find it easier to remember the 
theorem this way. 

= • 

Finding the Area of a Trapezoid

Find the area of trapezoid WXYZ.

SOLUTION

The height of WXYZ is h = 5 º 1 = 4.

Find the lengths of the bases.

b1 = YZ = 5 º 2 = 3 

b2 = XW = 8 º 1 = 7

Substitute 4 for h, 3 for b1, and 7 for b2 to find the area of the trapezoid.

A = !
1
2!h(b1 + b2) Formula for area of a trapezoid

= !
1
2!(4)(3 + 7) Substitute.

= 20 Simplify.

! The area of trapezoid WXYZ is 20 square units.

E X A M P L E  4

HeightLength of
MidsegmentArea

GOAL 2

THEOREM 6.23  Area of a Trapezoid
The area of a trapezoid is one half the product 
of the height and the sum of the bases.

A = !
1
2!h (b1 + b2)

THEOREM 6.24  Area of a Kite
The area of a kite is one half the product 
of the lengths of its diagonals.

A = !
1
2!d1d2

THEOREM 6.25  Area of a Rhombus
The area of a rhombus is equal to one half the 
product of the lengths of the diagonals.

A = !
1
2!d1d2

THEOREMS

b1

b2

h

d1

d2

d1

d2

h
1
2 !b1 " b2"

Y (2, 5)

X (1, 1)

Z (5, 5)

W (8, 1)

y

x

1

1

Look Back  
Remember that the length
of the midsegment of a
trapezoid is the average
of the lengths of the
bases. (p. 357)

STUDENT HELP
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