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[Figure 1]

The owners of a campground have just purchased a small island that they hope to add to
their property as a spot for campers who use tents. First, the owners need to build a bridge
to connect the two properties. The river is 34 feet wide and the higher land on the island is
13 feet from the river. How can the owners figure out the length of the bridge they need to
build?

In this concept, you will learn to use the Pythagorean Theorem.

Indirect Measurement

In the real world, it is often not possible to use determine distances or lengths using rulers,
tape measures or other measuring devices. When direct measurement is not an option,
indirect measurement is used. Indirect measurement is an approach to measuring using
alternative measurements and properties that will assist in determining the unknown
distances or lengths needed to be found. The properties of the Pythagorean Theorem are
often used when something needs to be indirectly measured.

Consider the following situation.
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Jim must clean the rain gutters of his house. The gutters are 12 feet above the ground. He
knows the ladder must extend 3 feet above the gutters so he can hold unto the rails as he
cleans. If he places the foot of the ladder 4 feet from the base of the house, what length
should the ladder be that he uses?

First, draw a diagram to represent the information.

|
3 feel
|

Rain Gutter

12 feeq

M|

4 feet
[Figure 2]

Next, determine the values for (a, b, ¢) of the Pythagorean Theorem.

a = 12feet+ 3 feet =15
b = 4feet =4
¢ = length of ladder

Next, fill the values into the Pythagorean Theorem.

= a®+ b
2 = (15)2 + (4)

Q
|

Next, perform the indicated squaring and simplify the equation.

¢ = (15)* +(4)?

¢ = (15x15)+ (4 x 4)
2 = 225+16

2 = 241

Then, solve for ¢ by taking the square root of both sides of the equation.
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2 = 241
V2 = +/241
c = 1552

The answer is 15.52.

Jim needs to use a 16 foot ladder.
Examples

Example 1

Earlier, you were given a problem about the campgrounds and the island. The owners have
to determine the length of the bridge they need to build to connect the campgrounds to the
island. How can they calculate this indirect measurement using the Pythagorean Theorem?

First, draw and label a right triangle to model the problem.

Bridge=7ft
13 ft

ampgrou

[Figure 3]

Next, determine the values of (a, b, c) for the Pythagorean Theorem.

a = 13ft = 13
b = 34ft = 34
c = 1Tft = c

Next, fill the values into the Pythagorean Theorem.
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2 = a2+
2 = (13)% + (34)2

Next, perform the indicated squaring and simplify the equation.

@ = 13% 4+ (34)?

A = (13 x 13) + (34 x 34)
@ = 169+ 1156

¢ = 1325

Then, solve for ¢ by taking the square root of both sides of the equation.

2 = 1325
V2 = /1325
c = 364

The answer is 36.4.

The length of the bridge must be 36.4 feet.
Example 2

The new Sunset Walking Park has just opened and you would like to take your mom to see
it. The park is in the shape of a rectangle measuring 2 miles by 3 miles. You don’t know
whether to take your mom for a walk around the outside perimeter of the park or to take her
along the diagonal pathway. Which way would be shorter and by how much?

First, draw and label a diagram to represent the park.

P o miles .A
n ~L
- 3
-~ 2
- - )
=2 [
K R

[Figure 4]
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You can see that the diagonal pathway divides the rectangle into two right triangles. Use
Pythagorean Theorem to find the length of the diagonal pathway.

Next, determine the values of (a, b, ¢) for the Pythagorean Theorem.

a = 3miles = 3
= 2miles =
¢c = ?miles = ¢

Next, fill the values into the Pythagorean Theorem.

A = a®+b
Z = (3)?2+(2)?

Next, perform the indicated squaring and simplify the equation.

¢ = P+

A = (3x3)+(2x2)
2 = 9+4

32 = 13

Then, solve for ¢ by taking the square root of both sides of the equation.

2 = 13
Ve = /13
c = 3.6

The answer is 3.6.

The length of the pathway is 3.6 miles.

The distance around the park is the sum of the lengths of the four sides of the rectangle.

d=3+2+34+2
d=10
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The answer is 10.

The distance around the park is 10 miles.

10.0 miles — 3.6 miles = 6.4 miles

The answer is 6.4 miles.
Example 3

An isosceles triangle has sides 30 inches, 30 inches and 20 inches. Find the length altitude
to the shortest side of the triangle using Pythagorean Theorem. Express the length of the
altitude to the nearest inch.

First, draw and label a diagram to represent the problem.

[Figure 5]

The altitude of an isosceles triangle cuts the base of the triangle into two equal lengths and
creates two right triangles.

Next, determine the values of (a, b, ¢) for the Pythagorean Theorem.

a = 10in = 10
b = ?27iIn = 0>
c = 30in = 30

Next, fill the values into the Pythagorean Theorem.
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cz a2 —I—b2
(30)2 = (10)% +b?

Next, perform the indicated squaring and simplify the equation.

(30)2 = (10)2 + b?
(30 x 30) = (10 x 10) + b?
900 = 100+ b?

Next, isolate the variable by subtracting 100 from both sides of the equation and simplify the
equation.

900 = 100+ b?
900 — 100 = 100 — 100 + b2
800 = b2

Then, solve for the variable by taking the square root of both sides of the equation.

800 = b
V800 = VB2
2828 = b

The answer is 28.
The length of the altitude is 28 inches.
Example 4

Find the length of the hypotenuse of a right triangle when the lengths of the other two sides
are 5mand 12 m.

First, draw and label a right triangle to model the problem.
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5m|

12m
[Figure 6]

Next, determine the values of (a, b, ¢) for the Pythagorean Theorem.

a = bm = b5
b = 12m = 12
c = 7Tm = ¢

Next, fill the values into the Pythagorean Theorem.

2 = a?+b
= (5)?%+(12)

Next, perform the indicated squaring and simplify the equation.

¢ = (5)+(12)

¢ = (5x5)+(12x 12)
¢ = 25+144

¢ = 169

Then, solve for ¢ by taking the square root of both sides of the equation.

¢ = 169
V2 = /169
c = 13

The answer is 13.

The length of the hypotenuse is 13 m.
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Review

Use the Pythagorean Theorem to determine if each set of measurements could represent a
right triangle. Sets of integers that could represent the sides of right triangles are called
Pythagorean Triples.

1.3,4,5
2.6,8,12
3.6,8,10
4.15, 20, 25
5.5,914
6.9,12,15
7.18, 24, 30
8.5,12,13
9.7,24,25
10. 8, 15, 17

Find the missing side length of each right triangle by using the Pythagorean Theorem. You
may round to the nearest tenth when necessary.

"a=6,b=10,c=__
12.a=5b="7,c=
B.a=7b=9,c=
4. a=6,b=8,c=
15.a=9,0=12,c=
Review (Answers)

To see the review answers, return to the Table of Contents and select ‘Other Versions’ or
‘Resources’.

E| Report Content Errors
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