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Unit 7 | Plane Geometry

Plane Geometry

Introduction

This unit is on geometry in the coordinate plane. Students will determine the
area of parallelograms, trapezoids, and circles. Students analyze how change
in dimension affects the perimeter and area of a figure. Symmetry is defined

in this unit, and students are expected to identify lines of symmetry of various
shapes, as well as lines of reflection. The Pythagorean theorem is revisited in
the context of the coordinate system. Students are then shown how to find the
distance between two points. Lastly, different transformations are examined in
the coordinate plane.

Objectives

Read these objectives. The objectives tell you what you will be able to do when
you have successfully completed this LIFEPAC. When you have finished this
LIFEPAC, you should be able to:

® Find the perimeter, circumference, or area of a plane figure.

® Use the formulas for perimeter, circumference, or area to find a missing
measure of a plane figure.

® C(lassify parallelograms, triangles, and trapezoids.
® Find the area of parallelograms, triangles, and trapezoids.

® Determine how changes in dimension affect the perimeter or area of a
plane figure.

® Determine if shape has line symmetry or rotational symmetry.

® Find the distance and midpoint of two points on a number line or
coordinate plane.

® Recognize the four types of transformations and how to find the
coordinates of an image or pre-image.

Section 1 |3




Plane Geometry | Unit 7

Survey the LIFEPAC. Ask yourself some questions about this study and write your questions here.
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1. Perimeter and Area

PERIMETER AND CIRCUMFERENCE

What do the following situations have in
common?

m Running laps around a field.
m Tying a ribbon around a present.
m Making a border for a bulletin board.

Objectives

Unit 7 | Plane Geometry

Each of these situations involves the
outside of a shape. If you wanted to know
how far you were running, how much
ribbon you needed, or the length of border,
you would want to determine the perimeter
of the shapes.

e Find the circumference or perimeter of a figure.
e Estimate the circumference or perimeter of a figure.
e Find unknown dimensions of a figure by solving algebraic equations.

Vocabulary

circumference—the distance around the outside of a circle
dimensions—the size of something (e.g., length, width, or height)
perimeter—the distance around the outside of a plane figure

plane figure—a two-dimensional figure

Perimeters of Polygons

Todd’s gym class has to run two warm-up
laps around the football field at the start of
class every day. He started wondering just
how far he runs on these daily warm-up
laps. Let's help him figure it out.

Since Todd is running around a football
field, he is running around the perimeter

of a rectangle. Perimeter is the distance
around the outside of a plane figure. To find
the perimeter of any polygon, you simply
add up the measures of all its sides. On a
rectangle, the length and width of the sides
are called dimensions. A football field has
dimensions of 100 yards by 160 feet.

Vocabulary! A plane figure is any two-
dimensional figure. Polygons and circles are
examples of plane figures. Remember that a
polygon is any closed figure made up of line
segments.

100 yds

IIIIIIIIII B
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There are two things we need to be careful
of when solving Todd's problem. The first
idea may seem simple, but it's easy to
forget. When going all the way around a
rectangle, there are two lengths and two
widths. So, we'll need to add four numbers
together. That's true for the perimeter of
any polygon: the number of sides of the
polygon should be the same as the number
of addends.

Keep in mind! Sometimes we represent
repeated addition using multiplication. For
example, since there are two lengths of 100
yards on our rectangle, we could represent
both sides by 2(100 yards) or 200 yards. But,
the measure of every side should still be
reflected in the sum.

The other thing to notice is that the length
is in yards and the width is in feet. We need
to convert all measurements to feet or
yards in order to get an answer that makes
sense.

Dimensions must have common units in order
to calculate the perimeter.

Let's convert all measurements to yards.

This might help! To convert feet to yards,
set up the following proportion, and cross

multiply to solve: 122% — LS
Py T vl

There are 3 feet in a yard, so 160 feet is
equal

1
to 53 7 yards. Now, add the four sides
together to find the perimeter.

1 1
P=100yd+537yd+100yd+537yd

2
P =306 3 yd

6| Section 1
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So, Todd runs 306§yards each lap around
the field. But, wait! The problem said that
he runs around the field twice each day. So,
multiply the perimeter of the field by two.

2 1
2(306 5 yd) = 6133 yd

1
Todd actually runs 613 7 yards each day.

S-T-R-E-T-C-H! There are 1,760 yards in a
mile. What part of a mile does Todd run each
day?

No matter what shape the polygon is, the
perimeter is the sum of the lengths of every
side. If you're not given a diagram to use,
it's usually helpful to draw one for yourself.
Diagrams are a great tool to help you see
what you're working with and what you're
trying to figure out.

You can also use equations as a tool for
helping you solve perimeter problems.
Although you might be able to figure out a
problem in your head, writing equations for
your work will help you with more difficult
problems in the future. They also help you
organize your thinking, so that you can see
exactly what you need to do to solve the
problem.

Let's look at a couple more examples. We'll
use drawings and equations to help us
solve the problems.

Example:

Julia is putting a triangular garden in her
backyard. She wants one side of the garden
to be 13 feet and another side to be 8 feet.
If Julia bought 30 feet of border, what is the
longest the third side can be?



Solution:

Let's first draw a picture. We don’t know
the exact dimensions of the garden, but
drawing a picture can give us an idea of
what it might look like.

8 ;_" ‘: X
13
Now, we can write an equation to solve this

problem. You know that the perimeter is
equal to the sum of the three sides.

Perimeter = 1% side + Eduation for the
. . perimeter of a
d d
2" side + 3™ side triangle.

Substitute in the
known values.

30ft=13ft+8ft+x

_ Add the constants
30ft=21ft+X  the right.

Subtract 21 ft from

9ft=x both sides.

The third side can be up to 9 feet in length.

%
N\
Complete the following activities.

Unit 7 | Plane Geometry

Example:

» Tony has a narrow piece of wood
that is 40 inches long. He wants to
use it to make a frame for a picture.
Rafael wants the pieces for the top
and bottom sides to be 12 inches.
How long will the pieces for the width
be?

Solution:

» Let's start by drawing a picture and
writing what we know on the picture.
Then, we can write an equation to
solve the problem.

12 in.

w P=40 w

12 in.
w+12in.+w+12in.=40in.
2w+ 24 in.=40in.
2w =16 in.
w=8in.

» So, the picture frame will be 12
inches by 8 inches, with a total
perimeter of 40 inches.

3
1.1 Find the perimeter of a square that is 3 7 inches on a side.

1
O 735 inches
O 15inches

3
O 123 inches
O 30inches
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The measures of two sides of a triangle are 7.3 centimeters and 2.94 centimeters.

The triangle's perimeter is 14.8 centimeters. Which equation could not be used to

1.2
find the length of the third side?
0 73+294+x=14.8
0 14.8=x+10.24
O 14.8-x=73+294
0 x-14.8=294+7.3
1.3
14

meters, what is the width?
0 8m

0 16m
O 22m
07m

Circumference of a Circle

The distance around a polygon is called its
perimeter. We can find the perimeter of

a circle, too, but it has a different name:
circumference. Since circles don't have sides,
we also have a different way to find the
distance.

Connections! Numbers that continue
infinitely, or go on forever, are irrational
numbers. So, pi is an irrational number.
For more information about rational and
irrational numbers, see Unit 1.

8| Section 1

The perimeter of this figure is 70 feet. How long are the unknown sides?

O 5ft
O 6 ft
0 10 ft
O 12 ft

The length of a rectangle is 14 meters. If the perimeter of the rectangle is 44

All circles are similar. That means that
they all have the same shape, but not
necessarily the same size. Similar figures
are proportional. With circles, that means
that the ratio of the circumference to the
diameter is always the same. In fact, that
ratio has a special name: pi. Pi, or m, is
approximately 3.14, although it's actually a
decimal number that continues infinitely.

So, mis always the ratio of the
circumference of a circle to its diameter.
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» C=m-d
Vocabulary! The diameter of a circle is the
length of the distance across a circle, going > (=(3.14)(8)
through the center. The radius is half that » C=25.12
distance, or the length of the segment from he i ; fthe circle |
any point on the circle to the center. g ;5e1 S':;‘é'mesrence of the circle Is
n=C Let's look at one more example.
o
Since we actually want to find the Example:

circumference, we need to solve for C. We
can multiply both sides of the equation by d
in order to get C by itself.

» There's a large tree in Marc's yard.
He wants to know what its diameter
is. He decides to use what he knows

T .de g}_ﬁ about circumference and pi to find it.

So, to find the circumference of a circle, we

multiply pi by the diameter of the circle.

Huuum the :'F'_l.'-‘l.'llil'lfd_l_'ﬁl'lw !

C=m-dorC=3.14-d RLIBNDNe SRt e

Our formula for circumference is written BEEmSEES N - =
using the diameter of the circle. Sometimes EESESEE RS
you may be given the radius of the circle ¥ [ = g

instead. Diameter is two times the radius, | ] B
so another version of this formulais " HW .

C = 2 *IT r- ....... | ! ! —t !
e re——————————re——
Let's try an example. o E ! ' ' 24 |
Example' 0 fh:u&’sdmnﬂlm h_lbﬂdi.3§ll;d1ll.: .
» What is the circumference of a circle C = nd
that has a radius of 4 inches?
34 = 3.14d
Solution:
34 3.14d
» Since the radius of the circle is 4 3.14 _ 3.14
inches, the diameter of the circle is
8 inches. Substitute 8 in for d in the 10.8 = d
formula.
Make note! If you're using the pi button on  Solution:
your calculatqr, you'll probably get a different » The diameter of Marc's tree is about
answer than in the example. That's because 11 inches.
the calculator doesn't round to 3.14. It ,
actually gives a more accurate value for pi. In > Does Marc's answer ma,ke sense?
your problem sets, though, use 3.14 for 1. To quickly check if Marc's answer

is reasonable, round pi to 3. The
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diameter of the tree times 3 should m The perimeter of any polygon is the sum
be close to the circumference. Eleven of its sides.
times 3 is 33, which is close to 34. So,

’ m To find the circumference of a circle,
Marc's answer makes sense.

multiply the diameter by pi.

Let's Review m Drawings and equations are helpful
Before going on to the practice problems, tools when finding an unknown
make sure you understand the main points measurement.

of this lesson. m  Answers can be checked by rounding

the dimensions and estimating.

%

N\ Complete the following activities.

1.5 Jim has 20-inch wheels on his bicycle (their diameter is 20 inches). The tires
are worn out, and he would like to cut them into pieces to use as a bumper on
something he’s making. Estimate the length of rubber Jim would get from his two
bicycle tires.

O =60 in. O =40in. O =120in. O =126in.

1.6  Sonja bought a 14-inch pizza. How much crust is around its edge? (Use 3.14 for pi.)
0 21.98 in. 0 43.96 in. O 47.74 in. 0 87.92in.

1.7 The circumference of a circle is 19.468 meters. Find the radius of the circle.
d3.1m 06.2m 0 16.328 m 0124 m

1.8 Jose wants to build a rectangular kennel for his dog. His dad will let him use a spot
in the corner of the yard that is 12 feet 3 inches by 8 feet 11 inches. Estimate how
much fencing he will need to buy for the kennel.

O =21 ft 0 =33 ft 0 =42 ft [0 =84 ft

1.9 Carlis going to make a frame for a picture. The dimensions of the frame need to be
2 feet by 18 inches. How long must the board be that Carl uses for his frame?

0 20in. [0 20 ft O 31t O 7 ft
2

10| Section 1
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1.10 What is the circumference of the following figure? Be sure to convert your answer
to yards.

O 56.52 yd
O 1.57 yd
O 4.71 yd
0 28.26 yd
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AREA OF PARALLELOGRAMS

Do you see any parallelograms in this
photo? There are lots of rectangles and a
few squares. But, parallelograms? Actually,
they all arel That's because rectangles and
squares are special types of parallelograms.
We're going to look at how these
quadrilaterals are related and how to find
their area.

Objectives

e Classify parallelograms based on
their properties.

e (Calculate the area of a parallelogram.
e Find a missing side length or height of a parallelogram.

Vocabulary

area—a measurement of the space inside a plane figure

parallelogram—a quadrilateral with two sets of parallel and congruent sides
rectangle—a parallelogram with four right angles

rhombus—a parallelogram with four congruent sides

square—a parallelogram with four right angles and four congruent sides

Parallelograms of parallel and congruent sides. Look at
A parallelogram is a special type of the diagram to see how these shapes are
quadrilateral. It has two sets of parallel related.

sides. Within each of the two pairs of

opposite sides, the parallel sides are also Parallelograms:

congruent.

w| 6] B| ©
) ) W

| 3
| N

Rectangles, rhombuses, and squares are
all types of parallelograms because they
meet the conditions of having two pairs

12| Section 1



This might help! The Parallelograms Venn
diagram shows us how the quadrilaterals
are related. Rectangles and rhombuses

are types of parallelograms because their
circles are inside the set of parallelograms.
Squares are a type of rectangle and a type of
rhombus because they are represented by
the overlapping portion of the circles.

Unit 7 | Plane Geometry

of the parallelogram. For example, in the
following figures, the area is the number of
squares inside the figure.

This might help! The distance around the
outside of a polygon is its perimeter. It can be
found by adding the lengths of the polygon'’s
sides.

Determining which sets a shape belongs
to is called “classifying” the shape. Let's try
classifying a few quadrilaterals together.

— 8 " Paralielogram
1
4 0 (e
Ahombus
H € v Fectangle
8
Al anglas am righl angles.
L3
: v Paraliologram
3 9 v Squarm
J v Rhombaus
1 v Rectangle
: |
All angles ara right angles.
|
Poarabelogrmm
Saunre
Rbombuc
Aectangle-
|

You know how to find the distance around
the outside of a parallelogram, but how do
you find the measure of the space inside the
figure? That measurement is called the area

72 squares 48 squares

16 squares

The area of a square or rectangle is easy

to find. We can determine the number

of squares by multiplying the number of

squares along the base by the number of
squares along the height. The formula is:

Area = base x height >A=b-h

But, what about a parallelogram that isn't a
square or rectangle? It's not nearly as easy
to determine the number of squares in the
following figures:

There's a special property about
parallelograms that we can use to help us.
Let's see what it is.

A parallelogram can be cut apart and
rearranged to make a rectangle.

Section 1 |13
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AW

The area of the rectangle and the original
parallelogram are the same.

So, the area of all parallelograms, including
rectangles and squares, can be found the
same way—by multiplying the base by the
height. The important thing to remember
with parallelograms is that the height is the
vertical length of the parallelogram, not the
length of the side.

Height

Let’'s look at an example. Suppose we want
to find the area of the following figure:

L]
8in.

The formula says that we need to multiply

the base of the parallelogram by the height.

m Area=(8in.)(1 1gft)

14| Section 1

Uh-oh! We have a problem. Our
measurements are not in the same units.
Before multiplying, we must have common
units. Let's convert feet into inches.

1%11 11
" win T 12in.
1 12in.
m x=18in.

1
So, 1 3 feetis the same as 18 inches.
Now, we are ready to find the area of the
parallelogram.

B Area=(8in.)(18in.)
m Area = 144 square inches

Area is labeled in square units because

it's a measurement that describes the
number of unit squares that will fit inside
the figure. Also, if you look at the equation,
you multiplied inches by inches. Whenever
you multiply something by itself, you are
“squaring” it.

Key point! There are two things to
remember when calculating area.

1) Measurements should have common
units.

2) Area should be labeled using square units.

Let's look at one more example.

Example:

» By the amount of paint that's gone,
you know that the area of the
rectangular wall you just painted is
96 square feet. If the base of the wall
measures 8 feet, what should the
height of the wall be?

Solution:

» Let's draw a picture to get an idea of
what the problem looks like.



[ hE]

» Areais found using the formula
A = b-h. Substitute the information
you know into the formula and solve
for what you don't know.

96 fit

B ft

e 96 ft2 = (8 ft)(h)

* A=bh
96 8h

o 8 8

e 12ft=h

» The height of the wall is 12 feet.

1.11 All parallelograms are rectangles.

O True
O False

1.12 All rectangles are quadrilaterals.

O True
O False

Complete the following activities.

Unit 7 | Plane Geometry

Let's Review

Before going on to the practice problems,
make sure you understand the main points
of this lesson.

m Parallelograms have two pairs of parallel
and congruent sides.
m Area measures the space inside a figure.

m  Common units are necessary when
computing area.

m Areais labeled using square units.

1.13 All squares are rectangles.
O True
O False

1.14 Some rhombuses are squares.
O True
O False

1.15 All rectangles are rhombuses.
O True
O False
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1.16

1.17

1.18

1.19

1.20

16| Section 1

What is the area of a parallelogram that has a base of 6 centimeters and a height of
4 millimeters?

0 24 cm? 0 2.4cm? [0 240 cm? [0 20 cm?

Mowing the lawn is one of Jeremy's jobs at home. But, Jeremy's dad offered to help
him this week. His dad drew the following diagram of the lawn and told Jeremy to
choose one of the parts to mow. If Jeremy wants to mow the rectangle with the
smaller area, which one should he choose?

16 O Part 1
e R 0 e - L] Part2
1' Part 1 : [1 Both parts have the same area.
} I__________Il O Not enough information.
| 1
12'< | :
\  Part2 8
|
i |
1 1
| 1
81‘

What is the area of a square rug that measures 6 feet on a side?
O 3 square feet O 12 square feet

0 24 square feet [0 36 square feet

If the area of the following parallelogram is 30 square centimeters, what is the
length of the base?

[ 150 cm
0 6cm
0 5cm
O 25cm

The area of the rhombus is 20 square inches. What is x?
O 5in.
[ 60 in.
O 4in.

2
O 63 in.
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1.21 What is the area of the following figure?
0 105 mm?

0 35 mm?2
0 3 mm?

15 mm O 75 mm?

1.22 Carpetis sold in square yards. How much carpet would a person need to buy for a
rectangular room that has dimensions of 10 yards by 18 feet?

[J 180 square yards [0 540 square yards
[ 60 square yards [ 15 square yards
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AREA OF TRIANGLES AND TRAPEZOIDS

Parallelograms are quadrilaterals. That

is, they have four sides. By contrast,
shapes with only three sides are triangles.
However, we can duplicate a triangle, and
then combine the two triangles to make

Objectives

e Find the area of a triangle or trapezoid.

a parallelogram. Using triangles to make
parallelograms can actually help us discover
how to find the area of a triangle! That

is one of the things you will learn in this
lesson.

e Use the area formulas to find a missing measure in a triangle or trapezoid.

Vocabulary

isosceles trapezoid—a trapezoid that has two congruent sides (other than the bases)
trapezoid—a quadrilateral with one pair of parallel sides

triangle—a polygon with three sides

Area of Triangles
If you duplicate a triangle, you can combine
the pair of congruent triangle to make
parallelograms. Let's look at a right triangle
thatis 3 cm by 4 cm.

Amea = Base x Heighl

4 em 4 cm

Jom
Arod = Biase x Hosphl
Amca = 12 cm?

No matter which parallelogram is formed
with the two identical triangles, the area
stays the same! And, the original triangle
always represents half of the area of

the parallelogram. Since the area of our
example is 12 cm?, each triangle has an
area of 6 cm?.

18| Section 1

Vocabulary! Remember the different types
of triangles?

equilateral triangle: all sides congruent
isosceles triangle: at least two sides
congruent

right triangle: one right angle

acute triangle: all acute angles

obtuse triangle: one obtuse angle

This works with any triangle. Its area is
always half the area of the parallelogram it
would form with an identical triangle. Since
the area formula of a parallelogram is

A = b-h, the area formula of a triangle is

1
= Eb-h.
The area of a triangle is half of the base
1
times the height; or, A= 7 b-h.
Let's look at an example.

Example:

» Haley's parents are putting a
triangular flower box in the corner of
their yard. Use the diagram to find



the area of the box. Express your
answer in feet.

Solution:

» The area formula for a triangle is
= 1Eb-h. The base of this triangle is
8 feet, and the height is 36 inches.
Before we multiply, let's express the
height in feet.

Keep in mind! All measurements must be in
common units before using the formula.

X 11
36in. — 12in.
(12 in.)(x) = (36 in.)(1 ft)
36in. fi

12in.

v

v

12in.x
12in. ~
» x=3ft

v

» Now, substitute the known values
into the area equation.
1
> A=(7)8 ft)(3 ft)
> A=12ft?

» The area of the flower box is 12
square feet.

Unit 7 | Plane Geometry

Notice in the previous example that we
used the vertical height, or 36 inches, as the
height of the triangle. Unless the triangle

is a right triangle, the vertical height of

the triangle will not be one of the sides of
the triangle. It is usually drawn in using a
dashed line. Here are some examples of
what the height may look like.

Make note! The sides that are 5 feet in
length do not represent the vertical height of
the triangle. Instead, they represent the slant
height and should not be used to find the
area of a triangle.

| m
b

Drawn inside Dirawn outside
the triangle the triangle

A side of
the triangle

b

A side of
the triangla

Section 1 |19
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%
N\
Complete the following activities.

1.23 What is the area of a triangle that has a base of 3 feet and a height of 6 feet?
[ 18 ft? 1 o ft?

O] 18 ft 0 4.5 ft?

1.24 Find the area of the following figure:

e 0 30 cm?

10cm [] 36 cm?
O 18 cm?
1.25 What is the area of an equilateral triangle that has sides of 2 yards and a height of
4.25 feet?
[0 4.25 ft? [0 12.75 ft? [0 8.5yd? [0 25.5 ft?

Area of a Trapezoid
There is another shape we can relate to

parallelograms: the trapezoid. A trapezoid is | et's ook at a couple of examples.
a quadrilateral with only one pair of parallel

1
Area of trapezoid = 7 (b, + b,)'h

sides. Example:
Base 2 (b,) > Find the area of the following
> trapezoid.
12m
> 11m i 14 m
Base 1 (b,) 10m 3
18m

Notice on this trapezoid that opposite sides
are not necessarily congruent. Base 1 isnot  Solution:
the same length as Base 2. And, the other
two sides are only congruent some of the
time. If they are, the trapezoid is called an
isosceles trapezoid.

» Set up an equation using the formula
for area of a trapezoid. The bases are
18 meters and 12 meters. The vertical
height of the trapezoid is 10 meters.

The area of a trapezoid is found by taking 1
half of the sum of the bases, multiplied by A= 7 (b, +by)h

the height. 1 Substitute in the
& A= Z(18m+12m)(10m) known values.

20| Section 1
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] Complete the Let's Review

A= = (30 m)(10 m) additionin the Before going on to the practice problems,

4 parentheses first. make sure you understand the main points
_ » Multiply the factors  of this lesson.
A=150m on the right.
m Atriangle is half of a parallelogram.
» The area of the trapezoid is 150 The formula to find a triangle’s area is
1
square meters A=5b-h,
Example:

m Atrapezoid has one pair of parallel

» The area of the following trapezoid is sides. The formula for finding the area
32 square inches. Find the length of of a trapezoid is A = i (b, +b)-h
the longer base. Z

m  Measurements must have common
units before calculating area.

® in.

4in. m To find a missing measurement,
substitute the information you are given
6in. into the area equation and solve for

what is missing.
Solution:

» Set up an equation and substitute
in the known values. The area is 32
square inches; the height is 4 inches;
and the bases are x and 6 inches.

1
A= o (b; + by)-h

. 1 ) ) Substitute in the
32in.%2 = 5 (6in. +Xx)(4in.) known values.

32in.2=(2in.)6in. +Xx) Multiply 1Eand 4.

32in.2=12in.2 + 2x Distribute the 2.

. Subtract 12 in. ?
2 =
20in. 2x from each side.

Divide both sides

10in.=x by 2.

» The length of the longer base is 10
inches.
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Complete the following activities.

1.26 Find the area of the following trapezoid.

2
8 [0 28 ft
2
2.5%21,[ %.5& 01751t
. [0 35 ft?
ot [ 14 ft?

1
1.27 Whatis the area of a trapezoid that has bases of 1 feet and 14 inches and a
height of 3 inches?

[ 43.5in.? O 87in.? O 22.9in.? O 3.6in.2

1.28 If the area of the trapezoid is 2.52 cm?, what is the height?

[0 0.45cm
1.9cm
0.9
11cm/ . .3em [ 0.9 cm
| ] 2.1 cm
3.rem 0 2.2cm

1.29 If the area of the figure is 16 square centimeters, what is the height of the triangle?

O 4cm

4 cm ih 8 cm [12cm
. O 3.2cm
10cm 0 1.6 cm

1.30 The area of a trapezoid is 144 ft2. If the height is 8 feet and one of the bases is 12
feet, what is the length of the other base?

0 7.2 ft 0 14.4 ft O 24 ft O 16 ft
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AREA OF CIRCLES

It is fairly easy to find the areas of many

shapes, especially those with straight sides.

Squares are easiest. All of the sides are the
same length. You just need to measure the
length of one side and multiply it by itself.
Presto! You have the area.

A lot of shapes are not so easy, especially
shapes with curved lines. Circles are just a

Objectives

Unit 7 | Plane Geometry

curved line all the way around. Even if you
draw a circle on a grid marked with square
inches, it is hard to figure out the area of
the circle because the outside cuts across
the squares at many different angles.

This lesson will teach you an easy way to
calculate the area of a circle.

e Use the area formula of a circle to find a missing measure.

Area of Circles

To learn how to calculate the area of a
circle, let's cut a circle into pieces and
rearrange them.

basewmm-r

So, the area of a circle can be found by
multiplying pi by the square of the radius.

Areaofacircle=m-r?2

Let's find the area of a circle.

The diameter of the circle is the distance
across the circle, going through the center.
In this case, the diameter is 6 units. The
radius is half the diameter, so the radius is
3 units.

Substitute the value of the radius into the
formula A= - r 2. Use 3.14 for pi.

A=m-r?
A= (3.14)(3%) Substitute in the known values.
A= (3.14)(9) Multiply the exponent.
A= 28.26 Multiply the remaining factors.
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This might help! The order of operations
says that we perform exponents before
multiplying. Also, remember that squaring
something means to multiply it by itself, not
to double it.

Keep in mind! To get r by itself, we had
to take the square root of each side of

the equation. Taking the square root of
something is the opposite of squaring it.

225=15-15,0r 152, so ¥ 225 = 15,

So, the area of the circle is 28.26 square
units. How close was your estimate?

S-T-R-E-T-C-H! What was your estimate for
the other circle from the beginning of the
lesson? Use the formula to find the area of
the other circle and see how accurate your
estimate was.

What if you are given the area of a circle
and are asked to find the radius? What
would you do to solve that problem? Just
substitute the value you know into the
formula and solve for the radius! Let's try
one together.

Example:

» The area of the surface of a circular
swimming pool is 706.5 ft2. What is
the radius of the pool?

Solution:
» Substitute the value you are given

into the area formula. Use 3.14 for pi.

A=m-r?
706.5 = (3.14)(r ?)

7065 3144
314

Substitute in the known
values.

= Divide both sides by 3.14.
314

225=r?2

Vi -2
15=r

Take the square root of both
sides of the equation.

The radius of the swimming pool is 15 feet.
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What if in the last example you had been
asked to find the diameter of the pool? You
would actually solve the problem in the
same way. First, you would use the given
value for area and the area formula to

find the radius of the pool. Then, since the
radius is half of the diameter, you would
just double the radius to find the diameter.
So, the diameter of the pool is 30 feet.

Let's look at another example of finding the
diameter when we are given the area of a
circle.

A= r

TS E A |
o {A)2E)
L 19825 oad.rf
.14 .14
I L R
& R TE

| 2E T

Let's Review

Before going on to the practice problems,
make sure you understand the main points
of this lesson.

m The area of a circle can found using the
formula A=m - r?

m If you know the area of a circle, you can
use the area formula to find the radius
or diameter of the circle.

m The length of the radius of a circle is half
the length of the diameter.
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Complete the following activities.

1.31 The space inside a circle is the of the circle.
1.32 The distance from any point on a circle to the center of the circle is the

1.33 The is the distance around a circle.

134 The is the distance across a circle, going through the center.

1.35 The diagram represents the circular floor under the dome of a state capitol
building. The diameter is 40 feet. Find the area of the floor. Use 3.14 for m.

[ 5,024 ft2
a0t O] 251.2 ft2

1.36 The area of a circleis 113.04 in%>. What is the radius of the circle?
O 36 inches O 18 inches O 12 inches O 6 inches

1.37 A 42" diameter table needs a tablecloth that hangs off the edge 8”. What is the
radius of the tablecloth?

O 29"
O 25"

1.38 A 42" diameter table needs a tablecloth that hangs off the edge 8”. What is the area
of the tablecloth? Use 3.14 for m.

[ 1,384.74 in?
[ 2,640.74 in?
[ 1,962.5in2
O 182.12in?
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1.39 What is the diameter of a circle that has an area of 452.16 mm 2?
0 144 mm O 12 mm O 24 mm 0 6 mm

1.40 A pizzais cut into twelve pieces. Describe the steps you would take to find the area
of one slice of the pizza.
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ComPOSITE FIGURES

Have you ever heard of a tangram? It's a
Chinese puzzle that uses seven pieces, in
basic shapes, to create one large shape.
There are actually millions of different ways
to match the pieces and form shapes. In

Objectives
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fact, you can create shapes that look like
letters, numbers, animals, or even people!

In this lesson, you'll explore how different
shapes can be combined to form new
shapes.

e Recognize the common shapes that make up a composite figure.
e Determine the area of a composite figure using common area formulas.

Vocabulary

composite figure—a geometric figure that is composed, or made up, of two or more

basic shapes

Combining Shapes

When you combine shapes in a tangram,
you create a composite figure. Composite
figures are formed using two or more basic
shapes, such as rectangles and triangles.
See if you can figure out what shapes make
up the following composite shapes.

Which shapes compose This bgume?

2 Iriangles and 1 rectangie

Wich shapes composa 1 lgune?

2 parafislogeams

B

1 triznglo and 1 sguan

Let's try one together. Suppose you want to
lay new carpet in the room shown below.
In order to know how much to buy, you'll
need to know how many square yards of
carpet you plan to lay. Use the scale model
to determine how much carpet to order. All
angles are right angles.

7 yd

gft

Byd 6 R

Syd

Swd
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There are a couple of things to notice in the
model.

m Not all of the measurements are in
common units. Since we need to give
our answer in square yards, we'll want
to convert all measurements to yards.

m This figure can be cut into two
rectangles. But, there are two different
ways it can be cut. Either way is fine. You
can choose!

First, let's convert the two feet
measurements into yards. There are 3 feet
in 1 yard; so, 6 feet are equal to 2 yards,
and 9 feet are equal to 3 yards. Also, let's
look at the two different ways to dissect the
figure.

7yd

8yd 2yd

5yd

5yd
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7 yd

L
e
=3

Syd 2yd

5yd

S yd

Now, we'll use the formula for area of a
parallelogram, or rectangle, to find the area
of each part. We have to make sure to use
the correct measurements that describe
the rectangle we're looking at.

21y Iyd &y |3 yd
2 2
Byd L syd wﬂl ¥d
25 yd' Syd Syd
Ay 8yd

Hyd + 28y = 48y Wyd + Gyl = 48y

Notice that either way we dissected the
figure, we got the same final answer!
There are many times when you will have
different options for solving the same
problem. You get to choose which way you
like the best!

Sometimes, rather than adding the parts
together to find the area of a composite
figure, you'll have to subtract. Look at the
following figures. For each figure, what
would you have to do to find the area of the
shaded region?



O
A
o

Make note! If you haven't already, it would
be helpful to memorize the area formulas of
the following basic shapes:

Parallelograms: A= b-h

1
Triangles: A= 7 bh
1

Trapezoids: A= 3 (b, + by)h
CirclessA=m-r?

Figure 1: Subtract the area of the small
circle from the area of the large circle.

Figure 2: Subtract the area of the triangle
from the area of the rectangle.

Figure 3: Subtract the area of the circle
from the area of the parallelogram.

Unit 7 | Plane Geometry

In each figure, to find the area of the
shaded region, we would subtract the area
of the smaller shape from the area of the
larger shape. Let's try one.

Example:
» Find the area of the following figure:

3inches

8 inches

» Round your answer to the nearest
tenth.

Solution:

» To find the area of the shaded
region, we need to subtract the area
of the circle from the area of the
parallelogram. Let's start by finding
the area of each part.

» Area of circle: The diameter is 3
inches, so the radius is 1.5 inches.

e A=m-r?

* A=(3.14)((1.5in.)?)
* A=(3.14)(2.25in.?)
e A=7.065in.?

» Area of parallelogram: The base is 8
inches and the height is 4 inches.

e A=bh
e A=(8in)4in.)
¢ A=32in2

» Area of shaded region = Area of
parallelogram - Area of circle
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e A=32in.2-7.065in.? Let's Review
o A=24.935in2 Before going on to the practice problems,

make sure you understand the main points
» The area of the shaded region is 24.9  of this lesson.

square inches.
m Composite figures are made up of two

The instructions told us to round our .
or more basic shapes.

answer to the nearest tenth. Notice that
we only rounded the final answer. With any = To find the area of a composite figure,

math problem, unless you are specifically find the area of each basic shape. Then,
told otherwise, make sure to hold off on depending on the figure, you'll need to
rounding until the very end of the problem. add or subtract the different parts.

This ensures that your final answer is = Measurements must be in common

accurate. units before computing area.

m  Only the final answer should be
rounded.

P
N\ .
Complete the following activities.

1.41-1.43 Atriangular flowerbed is being planted inside a circular area of grass.

J

4II'::-
O

1.41 What s the area of the entire circular region (including the flowerbed)? (Use 3.14 for m.)
0 10,562.96 ft? 0 182.12 ft? [0 2,640.74 ft?2 0 91.06 ft2

1.42 What is the area of the triangular flowerbed? (Use 3.14 for m.)
[1 1,350 ft? [1 1,566 ft? [1 1,450 ft2 [1 675 ft?
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1.43 What is the area of the grass (the area surrounding the flowerbed)? (Use 3.14 for m.)
[1 1,965.74 ft? [1 8,996.96 ft? [1 3,315.74 ft? [1 9,212.96 ft?

1.44-1.45 Use the following composite figure? All angles are right angles.

5m

2m 'h 2m

1.44 What is the length of h in the composite figure?
O 5m O 4m O 3m O2m

1.45 What is the area of the composite figure?
O 27 m? O 22m? O 24 m? O 29 m?

1.46-1.47 Use the following figure

1.46 What should be the first step in finding the number of square inches in the shaded
region of the figure?

[0 Subtract the area of the triangle [ Convert measurements to
from the area of the rectangle. common units.
[ Subtract the area of the rectangle [ Find the area of the rectangle.

from the area of the triangle

1.47 What is the area of the shaded region of the figure?
[0 446 in.? [ 5,760 in.? [ 4,788 in.? [ 5,274 in.?
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1.48 What is the area of the following composite figure?

9cm O 44 cm?
0 52 cm?
2
4 cm 6 cm L1 60 cm
0 36 cm?
-
13cm

1.49 Explain the steps you would take to find the area of the following composite shape.
(Use 3.14 for m.)
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Unit 7 | Plane Geometry

| CALCULATED HOW MUCH
FERTILIZER, | NEED FOR THIS LAWN |l
BY FIGURING OUT ITS AEEA,

OH GOOTH THE LAWN M DOING 15
TWICE AS WIDE AND LONG AS YOURS,
SOTLL JUST DOUBLE WHAT YOU GOT.

Objectives

OF COURSE THAT'S HOW
T WORKS, CARLTON!
WHAT ELSE WOULD IT BE?

e Determine how dimension changes affect the area and perimeter of a shape.

Changing Dimensions

Why didn’'t Carlton think that his friend's
solution made sense? If you double the
length and width of a rectangle, wouldn't
you double the area, too? Let's explore
what happens when we do just that.

Let's say we start with a rectangle that has
dimensions of 3 yards by 4 yards. Since the
area of a rectangle is found by multiplying
the base by the height, the area is 12
square yards.

Vocabulary! The dimensions of a shape are
the numbers that describe its size. In this
case, the dimensions describe the rectangle’s
base and height.

3 yd

A=b-h
4y A= (3yd)4 yd)
A=12yd?

Now, let's double the dimensions of the
original rectangle. So, our new rectangle is
6 yards by 8 yards. Its area is 6 yards times
8 yards, or 48 square yards.

Connections! These two rectangles have
the exact same shape, but different sizes.
In fact, their dimensions are proportional,
with a ratio of 1 to 2. That means that these
rectangles are similar.
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6 yd

A=b-h
8yd A = (6 yd)(8 yd)

A=48yd?

But, 48 isn't 12 doubled! Instead, 48 is
actually 12 times four! So, the area of the
larger rectangle is four times the area of the
smaller rectangle, not twice.

Let's look at what happened algebraically.

Vocabulary! Looking at something
algebraically means to use a formula or
equation to describe what happened. It's
looking at what would happen every time,
rather than just in one specific example.

We can call the original rectangle’s
dimensions x and y. Since the area of a
rectangle is found by multiplying the base
and height, the area would be xy. On our
new rectangle, we doubled the dimensions.
So, its dimensions would be 2x and 2y. And,
its area would be 2x multiplied by 2y, or
4xy. That means that anytime you double
the dimensions of a rectangle (or any
parallelogram), the new area is four times
as large! What if you triple or quadruple the
dimensions? What happens then? Again,
let's look at it algebraically.

din.:zzls?gns Base | Height Area
Original N .
parallelogram y y
New
parallelogram 3x 3y | (3¥Ey) =%y
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git::;:s:l:: Base | Height Area
Original . )
parallelogram y y
New
parallelogram 4x 4y (4x)(4y) = 16xy

So, when the dimensions are doubled,

the area is four times as large. When the
dimensions are tripled, the area is nine
times as large. When they are quadrupled,
the area is 16 times as large. Do you see

a connection between the numbers?
What's the relationship between two and
four; three and nine; and four and 167
The second number is the square of the
first! 22=4;32=9; and, 42 =16. Whatever
number you multiply the dimensions of the
parallelogram by, square that number to
find how many times larger the area is!

If n describes how many times larger the
dimensions of the parallelogram are, then n?
describes how many times larger the area is.

Example:

» If the area of a parallelogram is
15 cm?, what is the area of a similar
parallelogram that has dimensions
that are five times as large?

Solution:

» The similar parallelogram has
dimensions that are five times larger
than the original parallelogram’s
dimensions. That means that the
area of the similar parallelogram is
52, or 25, times larger than the area
of the original parallelogram.

» Area of original parallelogram: 15 cm?

» Area of new parallelogram:
(25)(15 cm?) =375 cm?

» The area of the similar parallelogram
is 375 cm?.



If you know how much the area of a figure
has changed, you can work backward to
determine how much the dimensions
changed. Look at an example.

What about the perimeter of a figure? How
is it affected by a change in dimensions?
Let's take a look at our original rectangles.
Remember that the perimeter of a polygon
is the distance around the shape. It's found
by adding up the lengths of all the sides.

Unit 7 | Plane Geometry

3yd

4yd

Perimeter=3yd+4yd+3yd+4yd=14yd

6 yd

8yd

Perimeter=6yd+8yd+6yd+8yd=28yd

In this case, when the dimensions were
doubled, the perimeter was doubled too.
Let's see if that happens all the time. In

a parallelogram, opposite sides have the
same length. So, we could use the following
figure to represent any parallelogram:

b

b

The perimeter of the original parallelogram would be:
P=a+b+a+b,orP=2a+2b.
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Now, let's try doubling the dimensions. So,
the sides that had length a would now be
2a; and the sides with length b would now
be 2b.

2b

2a
28

2b

The perimeter of the new parallelogram would be:
P=2a+2b+2a+2b,or P=4a+4b.
So, the new perimeter is also two times the original
perimeter.

%
N\
N Complete the following activities.

1.50

What if we triple the dimensions of the
original parallelogram? Now, the sides
would have lengths 3a and 3b.

3b

3a

3b
The perimeter of this parallelogram would be:
P=3a+3b+3a+3b,or P=06a+6b.
So, the perimeter is also three times the original
perimeter.

If the dimensions of a parallelogram are
changed by a certain factor, the perimeter
of the parallelogram is changed by the same
factor.

Two rectangles are similar. If the height of the first rectangle is 3 inches, and the

height of the second rectangle is 9 inches, by what factor was the first rectangle

changed?

11 O3

1.51

[16 19

Two rectangles are similar. If the height of the first rectangle is 3 inches, and

the height of the second rectangle is 9 inches, how much longer is the second

rectangle’s perimeter?
[0 3 times as long

[0 6 times as long

1.52

[0 9 times as long

[0 6 inches longer

Two rectangles are similar. If the height of the first rectangle is 3 inches, and

the height of the second rectangle is 9 inches, how much larger is the second

rectangle’s area?
[0 They have the same area.

0 3 times as large
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[ 6 times as large
[ 9 times as large
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1.53 A parallelogram has an area of 14 cm?2. If the dimensions of the parallelogram are
doubled, what will the new area be?

0 14 cm? [0 28 cm? [0 56 cm? 0 112 cm?
1.54 Arhombus is enlarged and has a new perimeter of 40 feet. If the original perimeter

was 10 feet, by what factor was the rhombus enlarged?
11 12 13 14
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Circles

We know that with parallelograms, if the
dimensions change by a certain factor, then
the perimeter changes by the same factor,
and the area changes by the square of the
factor.

What about with circles, though? Does the
same rule apply? Let's look at an example
where the similar circle has three times

the radius as the original circle. If the same
rule applies, then we would expect the
circumference of the enlarged circle to also
be three times that of the original circle.
And, the area of the enlarged circle should
be 32, or nine, times the area of the original
circle.

Keep in mind! The perimeter of a circle
is called its circumference. Also, a circle’s
dimensions refer to its radius or diameter.

Original Circle
Circumference =2 - m-r
=2(3.14)(2in.)
=12.56 in.

Area =17 - r?
= (3.14)((2in.) ?)
= (3.14)(4 in.?)
=12.56 in.?

Enlarged Circle

Circumference =2 - - r
=2(3.14)(6 in.)
= 37.68 in.

Area =1 - r?
= (3.14)((6 in.)?)
= (3.14)(36 in.?)

= 113.04 in?

Let's check what happened. The
circumference of the original circle is
12.56 inches. The circumference of the
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enlarged circle is 37.68 inches. Is 12.56
times three the same as 37.68? Yes! So, the
circumference changed by the same factor.

The area of the original circle is 12.56
square inches. The area of the enlarged
circle is 113.04 square inches. Is 12.56 times
32 0r 9, the same as 113.04? Yes! So, the
area changed by the square of the factor.

The rule applied when we tripled the radius,
but will it work for any radius change?

We can check using algebra. Let's use the
letter n to describe any factor that we could
multiply our radius by. So, our original circle
will have a radius of r, and the new circle
will have a radius of n - r.

Circumference =2 - - r
Area=Tr-r?

Circumference =2-m-n-r
Area=m-(n-r)2=m-n2-r2

Notice that the only difference between

the two circumferences is that the
circumference of the new circle has a factor
of n (just like the radius). And, the only
difference between the areas is that the
area of the new circle has a factor of n?2.

We just proved that our rule works for any
circle!



For both parallelograms and circles, if the
dimensions change by a certain factor, then
the perimeter (or circumference) changes by
the same factor; and, the area changes by the
square of the factor.

Example:

» What is the area and circumference
of a circle that has a radius of 7 cm?
What will the area and circumference
be if the radius is doubled?

Solution:

» First find the area and circumference
of the original circle.

» Circumference=2-m-r=2(3.14)7
cm) =43.96 cm

» Area=1m-r?=(3.14)(7 cm)?) =(3.14)
(49 cm?) = 153.86 cm?

» The new circle has a radius that has
been doubled. So, the factor the
radius is changing by is two. The rule
says that the circumference will also
be changed by a factor of two, and
the area will be changed by a factor
of 22, or four.

» New circumference =(43.96 cm)(2) =
87.92 cm

» New area =(153.86 cm?)(4) =
615.44 cm?

We've talked a lot about enlarging a
parallelogram or circle, but what about
reducing the shape? It actually works the
same way. The perimeter of the shape will
be reduced by the same factor, and the
area will be reduced by the square of the
factor.
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| Aréal = (i) | = l
v 2
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Let's Review

Before going on to the practice problems,
make sure you understand the main points
of this lesson.

Dimensions are the numbers that
describe a shape. The dimensions of a
parallelogram are its base and height.
The dimensions of a circle are its radius
or diameter.

If the dimensions of a parallelogram

or circle change by a certain factor, the
perimeter (or circumference) changes by
the same factor.

If the dimensions of a parallelogram
or circle change by a certain factor,
the area changes by the square of the
factor.
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Complete the following activities.

1.55 If the dimensions of a circle are tripled, the area of the resulting circle will also be
three times larger.

O True
O False

1.56 If acircle is enlarged to have a circumference that is four times the original, then
the original radius was multiplied by four.

O True
O False

1.57 If a parallelogram is reduced to have dimensions that are half as long, then the
perimeter is one fourth the original length.

O True
O False

1.58 If acircleis enlarged so that it has a new area that is 25 times the original, what
factor were the dimensions changed by?

s O 25 O 625 Ol
5

1.59 Acircle that originally had a circumference of 31.4 cm, now has a circumference of
15.7 cm. What happened to the radius?

O It was doubled. O It was quadrupled.
O It was divided by two. O It was divided by four.

1.60 A circle that has a radius of 6 units has a circumference of 37.68 units. What is the
circumference of a circle that has a radius of 24 units?

[0 602.88 units [0 904.32 units
0 150.72 units [0 678.24 units

1.61 For a game, Tony has a rectangle drawn on a piece of paper that has an area of 18
in%. What should he do to the dimensions in order to have a similar rectangle that's
areais only 2 in??

[0 Divide them by nine. [0 Divide them by three.

O Divide them by six. O Multiply them by three.
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1.62 Eliza paints a circle on her bedroom wall as part of a mural. After she paints it, she
decides that she wants a much bigger circle. So, she multiplies her original radius
by four and repaints the circle. Which statement best describes Eliza’s solution?

[0 The area of the new circle is two [0 The area of the new circle is eight
times larger. times larger.

[ The area of the new circle is four [ The area of the new circle is 16
times larger. times larger.

Review the material in this section in preparation for the Self Test. The Self Test
will check your mastery of this particular section. The items missed on this Self Test will
indicate specific area where restudy is needed for mastery.
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SELF TEST 1: Perimeter and Area

Complete the following activities (6 points, every numbered activity).

1.01 Match the terms to their definition.

perimeter the distance from the center to any
area point on the circle

quadrilateral a quadrilateral with two pairs of
trapezoid parallel sides

any four-sided polygon

parallelogram the distance from one point to

—_— circymference another on a circle, going through
_ radius the center
diameter the distance around the outside of a
circle

the distance around a polygon

a quadrilateral with one pair of
parallel sides

the space inside a figure

1.02 The circumference of a circle can be found using the formula C=m - r?

O True
O False

1.03 Allrhombuses are squares.
O True
O False

1.04 If the dimensions of a parallelogram are doubled, the perimeter will also be
doubled.

O True
O False

1.05 The shaded area of the following shape can be found by subtracting the area of the
circle from the area of the triangle.

O True
O False
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1.06 Find the perimeter of the parallelogram shown.

0 35yd
O 24 yd
O 26yd
0 40yd

1.07 Find the area of the parallelogram shown.

0 35yd?
O 24yd?
O 26yd?
0 40yd?

Syd

1.08 Wyatt's dog is tethered to a post in his yard. If the rope tied to the dog is 12 feet
long, how many square yards does the dog have access to? (Use 3.14 for m.)

LemT T [ 452.16 yd?

. R [ 50.24 yd?

! o12M 0 75.36 yd?
[

N, ! 0 25.12 yd?

1.09 If the area of the following figure is 46 square centimeters, what is the height of the

trapezoid?
15 cm 0 4cm
ih O 2cm
\" / O 5.75cm
gcm O 3.1cm

1.010 A rectangle has a base of 5 inches and a height of 7 inches. If the dimensions are
cut in half, what will happen to the area of the rectangle?

[ It will be half of the original size.
[ It will be the same as the original size.
[ It will be four times the original size.

[ It will be one-fourth the original size.
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1.011 Find the area of the following figure. The base angles are right angles.
O 143in.2

O 137.5in.?
0 121in.2
O 113in.?

9in.

11 in.

1.012 Which of the following is the best estimate of the circumference of a circle that has
a diameter of 7 feet?

1 11 ft O 42 ft
1 14 ft O 21 ft

1.013 The perimeter of the following rectangle is 40 inches. What is the length of w?
O 2.9in.

O 6in.
O 12in.
14 in. O 26in.

1.014 An octagon has equal sides that each measure 11 centimeters. Its perimeter is 66
centimeters.

O True
O False

1.015 A rectangle has a base of 3 inches and a height of 9 inches. If the dimensions are
doubled, what will happen to the area of the rectangle?

O It will be half of the original size.

O It will be the same as the original size.
O It will be four times the original size.
O It will be one-fourth the original size.

TEACHER

initials
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