Perimeter and Area

in the Coordinate Plane

Eggenﬁal Quegﬁon How can you find the perimeter and area of a

polygon in a coordinate plane?

3% Nel . Tuile| /Bl Finding the Perimeter and Area
of a Quadrilateral

Work with a partner.

a. On a piece of centimeter graph A(1, 4)
paper, draw quadrilateral ABCD i
in a coordinate plane. Label the
points A(1, 4), B(—3, 1), C(0, —3),
and D(4, 0).

b. Find the perimeter of
quadrilateral ABCD.

c. Are adjacent sides of quadrilateral
ABCD perpendicular to each other?
How can you tell?

d. What is the definition of a square?

LOOKING FOR Is quadrilateral ABCD a square?
STRUCTURE Justify your answer. Find the area T
To be proficient in math, of quadrilateral ABCD.
you need to visualize .-
single objects as being S ilel:l[el/ P8 Finding the Area of a Polygon
composed of more than Work with a partner.
one object. 1
{> a. Partition quadrilateral ABCD A(1, 4)
into four right triangles and AT :

one square, as shown. Find the
coordinates of the vertices for
the five smaller polygons.

b. Find the areas of the
five smaller polygons.

Area of Triangle BPA:
Area of Triangle AQD:
Area of Triangle DRC:
Area of Triangle CSB:
Area of Square PORS:

c. Is the sum of the areas of the five smaller polygons equal to the area of
quadrilateral ABCD? Justify your answer.

Communicate Your Answer

3. How can you find the perimeter and area of a polygon in a coordinate plane?

4. Repeat Exploration 1 for quadrilateral EFGH, where the coordinates of the
vertices are E(—3, 6), F(—7, 3), G(—1, —5), and H(3, —2).
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What You Will Learn

P Classify polygons.

P Find perimeters and areas of polygons in the coordinate plane.

Core. Vocabulary
Previous Classifying Polygons
polygon
sde G Core Concept
vertex
n-gon Polygons
convex In geometry, a figure that lies in a plane is side BC < vertex D
concave called a plane figure. Recall that a polygon
- is a closed plane figure formed by three or D
more line segments called sides. Each side B
intersects exactly two sides, one at each
vertex, so that no two sides with a common
vertex are collinear. You can name a polygon A E
by listing the vertices in consecutive order. polygon ABCDE

\.

The number of sides determines the name of a polygon, as shown in the table.

You can also name a polygon using the term n-gon, where 7 is the number of sides.
For instance, a 14-gon is a polygon with 14 sides.

Number of Type of A polygon is convex when no line
sides polygon ‘ that contains a side of the polygon
3 Triangle contains a point in the interior of

) interior the polygon. A polygon that is not
4 Quadrilateral convex is concave.
5 Pentagon N J ¢ g
6 Hexagon convex polygon concave polygon
7 Heptagon
8 Octagon SYNVEEN Classifying Polygons
9 Nonagon
10 Decagon Classify each polygon by the number of sides. Tell whether it is convex or concave.
12 Dodecagon a. b.
n n-gon

SOLUTION

a. The polygon has four sides. So, it is a quadrilateral. The polygon is concave.

b. The polygon has six sides. So, it is a hexagon. The polygon is convex.

- 3
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Classify the polygon by the number of sides. Tell whether it is convex or concave.
1. i i 2.
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Finding Perimeter and Area in the Coordinate Plane

You can use the formulas given below and the Distance Formula to find the perimeters
and areas of polygons in the coordinate plane.

REMEMBER

Perimeter has linear units,
such as feet or meters.
Area has square units,
such as square feet or

- square meters.

{> Perimeter and Area

Triangle Square

T
c a
S** 4
[1 , []
b
P=a+b+c P =4s
= %bh A=3s?

Rectangle
T O
—+ +w
yi
P=20+2w
A=Jdw

EXAMPLE 2 Finding Perimeter in the Coordinate Plane

READ

ING

SOLUTION

You can read the notation

AABC as "triangle AB C.”

Side AB
‘ ‘ 4Ay AB = \/(x2 —x)?+ O —y)?
R ~VB- ()P +(-3-3p
N2
A =52 + (-6
B \, s
4 \ 2 4'x =6l
I AN
~ 1781
A=2,-3) , B(3, -3) —
Iy Side BC

BC=|-2-3|=5
Side CA
CA=|3-(-3)|=6
Step 2 Find the sum of the side lengths.
AB+BC+ CA=781+5+6=1858I

P So, the perimeter of AABC is about 18.81 units.

{> Find the perimeter of AABC with vertices A(—2, 3), B(3, —3), and C(—2, —3).

Step 1 Draw the triangle in a coordinate plane. Then find the length of each side.

Distance Formula
Substitute.
Subtract.
Simplify.

Use a calculator.

Ruler Postulate (Postulate 1.1)

Ruler Postulate (Postulate 1.1)

- 3
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Find the perimeter of the polygon with the given vertices.

3. D(—3,2),E4,2), F(4, —3)
5. K(—1,1),L#4, 1), M2, —=2), N(—3, —2)
6. O(—4, —1),R(1,4), 54, 1), T(—1, —4)

Section 1.4

Perimeter and Area in the Coordinate Plane

4. G(—3,2), H2,2),J(—1, =3)
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EXAMPLE 3 Finding Area in the Coordinate Plane
Find the area of ADEF with vertices D(1, 3), E(4, —3), and F(—4, —3).

SOLUTION

Step 1 Draw the triangle in a coordinate plane by plotting the vertices and
connecting them.

poo
4
D(1, 3)
20
//
< / >
4 2 4'x
ARD
F-4,-3) |, E(4, ~3)
Ly |

Step 2 Find the lengths of the base and height.
Base

The base @ . Use the Ruler Postulate (Postulate 1.1) to find the

length of FE.
FE = |4 — (—4)| Ruler Postulate (Postulate 1.1)
=|8] Subtract.
=8 Simplify.

So, the length of the base is 8 units.

Height

The height is the distance from point D to line segment FE. By counting
grid lines, you can determine that the height is 6 units.

Step 3 Substitute the values for the base and height into the formula for the
area of a triangle.

A= %bh Write the formula for area of a triangle.
= 2(8)(6) Substitute.
=24 Multiply.

} So, the area of ADEF is 24 square units.

. 5
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Find the area of the polygon with the given vertices.
7. G2,2),H3, —1),J(—2,—1)

8. N(—1,1),P2, 1), 02, —2), R(—1, —2)

9. F(—2,3),G(1,3), H1, —1),J(=2, 1)
10. K(—3,3), L3, 3), M3, —1), N(—3, —1)
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F IR Modeling with Mathematics

You are building a shed in your backyard. The diagram shows the four vertices of
the shed. Each unit in the coordinate plane represents 1 foot. Find the area of the
floor of the shed.

L
l
1fe] Illlllllll
[y [ 2T a6

SOLUTION

1. Understand the Problem You are given the coordinates of a shed. You need to
find the area of the floor of the shed.

2. Make a Plan The shed is rectangular, so use the coordinates to find the length
and width of the shed. Then use a formula to find the area.

3. Solve the Problem
Step 1 Find the length and width.
Length GH = |8 —2| =6  Ruler Postulate (Postulate 1.1)
Width GK =|7 - 2| =5 Ruler Postulate (Postulate 1.1)
The shed has a length of 6 feet and a width of 5 feet.

Step 2 Substitute the values for the length and width into the formula for
the area of a rectangle.

A= tw Write the formula for area of a rectangle.
= (6)(5) Substitute.
=30 Multiply.

} So, the area of the floor of the shed is 30 square feet.

4. Look Back Make sure your answer makes sense in the context of the problem.
Because you are finding an area, your answer should be in square units. An

answer of 30 square feet makes sense in the context of the problem.

o N
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11. You are building a patio in your school’s courtyard. In the diagram at the left, the
coordinates represent the four vertices of the patio. Each unit in the coordinate
plane represents 1 foot. Find the area of the patio.
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1 .4 Exe rCISES Dynamic Solutions available at BigldeasMath.com

Vocabulary and Gore Concept Check

1. COMPLETE THE SENTENCE The perimeter of a square with side length s is P =

2. WRITING What formulas can you use to find the area of a triangle in a coordinate plane?

Monitoring Progress and Modeling with Mathematics

In Exercises 3-6, classify the polygon by the number In Exercises 13-16, find the area of the polygon with the
of sides. Tell whether it is convex or concave. given vertices. (See Example 3.)
(See Example 1.)

13. E@G3,1),F(3, —2),G(—2, —2)

3. 4.
& 7 18, J(~3.4), K4, 4), L3, ~3)
15. W(0, 0), X(0, 3), ¥(—3, 3), Z(=3,0)
5. 6.
Q 16. N(=2, 1), P(3,1), 03, —1), R(=2, —1)
In Exercises 17-24, use the diagram.
R ¥
In Exercises 7-12, find the perimeter of the polygon A(-5, 4)
with the given vertices. (See Example 2.) — 4 B(0, 3)
7. G(2,4),HQ2, —3),J(=2, =3), K(—2,4) 2
8. 0(-3,2),R(1,2),5(1, =2), (=3, =2) JAE2 >
-4 | -2 2 4 6 x
9. U(-2,4), V3, 4), W3, —4) . c@.-n
10. X(—1,3), Y(3,0), Z(—1, =2 L /
( ), Y3, 0), Z( ) 4 £23)
11. Ayl ] 6 D(4, —5)
EEREN PN Y |
A | |
L1/ \\ 17. Find the perimeter of ACDE.
- NEON . .
2 2 /1 5 A 18. Find the perimeter of rectangle BCEF.
RN Z4ula
P(—1, —2) /\”‘(4, 0‘) 19. Find the perimeter of AABE.
L L1y
12 T T 20. Find the perimeter of quadrilateral ABCD.
- [ Ay
F=2.8 L1AO, 4) 21. Find the area of ACDE.
E-2 2\ [? 22. Find the area of rectangle BCEF.
] B(2, 0)]
RIEY] 2 T? 23. Find the area of AABF.

24. Find the area of quadrilateral ABCD.

34 Chapter 1 Basics of Geometry



ERROR ANALYSIS In Exercises 25 and 26, describe and 28.

Determine which points are the remaining vertices of
correct the error in finding the perimeter or area of

a rectangle with a perimeter of 14 units.

the polygon. @B A2, —2)and B2, —1)
25. - C(—2, —2) and D(=2, 2)
X . © E(-2,—2)and F(2, —2)
i D G(2,0)and H(—2,0)
‘T v T “‘ x 29. USING STRUCTURE Use the diagram.
P=20+2w pvoo
= 2(4) + 2(3) Lo, 4‘) K(4, 4)
N F(, 2) g2
The perimeter is 14 units. B ‘( i
~_E(0, 0) L(4, 0)
2 2 2 4 | x
. H@2, 0)
EmmEr Py ]
1, B(5, 1) /
A@4,3) | .
L1, P | a. Find the areas of square EFGH and square EJKL.
o | What happens to the area when the perimeter of
i \ ~ square EFGH is doubled?
\2 | 4 ] 6x
L 1L C ‘1, ‘1)‘ b. Is this true for every square? Explain.
B
b= |5 -1 | =4 30. MODELING WITH MATHEMATICS You are

growing zucchini plants in your garden. In the

h= \/(5 —4)2+(1-3)? figure, the entire garden is rectangle QRST. Each

SE| unit in the coordinate plane represents 1 foot.
(See Example 4.)

~2.2

B N EREEEEEEER
A= %bh =~ %(4)(2.2) =44 mmm---mmm-

The area is about 4.4 square units.

In Exercises 27 and 28, use the diagram.

AY

P(—2,1) *[ 0@ 1)

-
<

-2

N1+—©

xY

=2

Y

27. Determine which point is the remaining vertex of a

triangle with an area of 4 square units. a. Find the area of the garden.
@ RQ2,0) b. Zucchini plants require 9 square feet around each
’ plant. How many zucchini plants can you plant?
S(—2, -1
¢ ) ¢. You decide to use square TUVW to grow lettuce.
© 7(-1,0 You can plant four heads of lettuce per square foot.
How many of each vegetable can you plant?
@ U@, -2 :
’ Explain.
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31. MODELING WITH MATHEMATICS You are going for

32.

33.

a hike in the woods. You hike to a waterfall that is

4 miles east of where you left your car. You then hike
to a lookout point that is 2 miles north of your car.
From the lookout point, you return to your car.

a. Map out your route in a coordinate plane with
your car at the origin. Let each unit in the
coordinate plane represent 1 mile. Assume you
travel along straight paths.

b. How far do you travel during the entire hike?

¢. When you leave the waterfall, you decide to hike
to an old wishing well before going to the lookout
point. The wishing well is 3 miles north and
2 miles west of the lookout point. How far do you
travel during the entire hike?

HOW DO YOU SEE IT? Without performing any
calculations, determine whether the triangle or the
rectangle has a greater area. Which one has a greater
perimeter? Explain your reasoning.

Ay

4

| A
xY

MATHEMATICAL CONNECTIONS The lines
Vi =2x—6,y,= —3x+4,and y; = —%x+4are
the sides of a right triangle.

a. Use slopes to determine which sides
are perpendicular.

b. Find the vertices of the triangle.

c. Find the perimeter and area of the triangle.

34. THOUGHT PROVOKING Your bedroom has an area of

35.

36.

37.

350 square feet. You are remodeling to include an
attached bathroom that has an area of 150 square
feet. Draw a diagram of the remodeled bedroom and
bathroom in a coordinate plane.

PROBLEM SOLVING Use the diagram.

HERYEE
[(-2,2)

< 3>
< -
X

ENENENE
|
|

BE
P(-2,-2)| INQ@, -

a. Find the perimeter and area of the square.

Y

b. Connect the midpoints of the sides of the given
square to make a quadrilateral. Is this quadrilateral
a square? Explain your reasoning.

c. Find the perimeter and area of the quadrilateral
you made in part (b). Compare this area to the area
you found in part (a).

MAKING AN ARGUMENT Your friend claims that a
rectangle with the same perimeter as AQRS will have
the same area as the triangle. Is your friend correct?
Explain your reasoning.

Ay
2
Q(=2, 1)
< ™ >
\\ 2 X
N,
R(—-2, —-2) | [5(2, —2)
| .

REASONING Triangle ABC has a perimeter of
12 units. The vertices of the triangle are A(x, 2),
B2, —2), and C(—1, 2). Find the value of x.

(— Mainfaining Mafhematical PrOficiency Reviewing what you learned in previous grades and lessons i

Solve the equation. (Skills Review Handbook)

38. 3x—7=2 39. 5x+9=4

41. 4x—9=3x+5 42,

44. Use a compass and straightedge to construct a copy of the line segment.

11 —2x=5x—-3

40. x+4=x—12

x+1

43,
3 2

=4x -3

(Section 1.2)
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