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The Pythagorean Theorem
Algebra 1

From middle school, you should be familiar with the Pythagorean Theorem. It is of great importance
in mathematics because of its usefulness in solving for missing sides of right triangles.

THE PYTHAGOREAN THEOREM

In a right triangle, the sum of the squares of the lengths of the legs is equal to the square of the
hypotenuse. la standard fonnula fonn:

ff2+^2=C2
a

c

b

Exercise #1: If c represents the length of the hypotenuse of a right triangle and a and b represent the
lengths of the legs, solve for the length of the missing side in each case.

(a) a = 6 and b=S (b) a=5andc=13 (c) b=4 and c = 5

Exercise #2: If c represents the length of the hypotenuse of a right triangle and a and b represent the
lengths of the legs, solve for the length of the missing side in each case. Express your answers in
simplest radical form and then as a decimal to the nearest hundredth.

(a) a = 6 and b=4 (b) a = 9 and c = 18

Exercise #3: In the diagrams below, find the value of x.

(a)

5

(b)

x
10

12 8
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Pythagorean Triples - Any set of three whole numbers, {a,b, c}, that satisfies a2+b = c is called a
Pythagorean Triple. These triples can help us quickly fill in missing sides of right triangles if we can
recognize them. Three of the most common are shown below:

{3,4,5} {5,12,13} {8,15,17}

Exercise #4: Detennine if the following are Pythagorean Triples. Justify your response.

(a) {7,8,9} (b) {12,35,37}

The Pythagorean Theorem can be used in many problems because right angles appear in many applied
settings.

Exercise #5: A baseball diamond has the shape of a square measuring 90 feet on each side.
Approximate, to the nearest tenth of a foot, the distance from home plate to second base.

Exercise #6: The length of a side of an equilateral triangle is 10. Which of the following gives the
height of the equilateral triangle (also known as its altitude)?

(1)5

(2)7^

(3)3^/5

(4)5^3

Exercise #7: Carlos walks to school from his house by going directly east for a total of 5 miles, then
directly north for a total of 3 miles, and then east again for a total of 3 miles. Find the shortest distance
between Carlos's house and his school to the nearest tenth of a mile.
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Name: Date:

Pythagorean Theorem
Algebra 1 Homework

Skills

1. Find the value of ^ in the following diagrams. Round to the nearest tenth if necessary.

(a)

8

15

(b)

x
52

48

(c)

20 29

x

2. Using the Pythagorean Theorem, fill in the table. [Assume a and b are the lengths of the legs and c is
the length of the hypotenuse.]

a

25

7

9

b

60

30

40

c

25

34

3. Which of the following represents a Pythagorean Triple?

(1) {5,7,10} (3) {21,72,75}

(2) {10,20,30} (4){11,45,60}

Algebra 1, Unit #8 - Right Triangle Trigonometry - LI
The Arlington Algebra Project, LaGrangeviUe, NY12540



Applications

4. Sameer visited his cousin and had to drive 135 miles north then 90 miles west. At the end of his trip,
he pulled out a map to determine how far from home he was. What is the shortest distance from
Sameer's house to his cousin's house? Round your answer to the nearest mile.

5. Which of the following represents the height of an equilateral triangle if a side of the triangle has a
length of 8?

(1)4^

(2) 3^/5

(3)6^/2

(4)4

6. In the following isosceles trapezoid, find the value of x.

8

25 25
x

nn
< 22

7. Consider a square with the following characteristics and solve:

(a) If the perimeter of the square is 20, find the
length of a diagonal. Express your answer in
simplest radical form.

(b) If the length of a diagonal of the square is
20, find the length of a side to the nearest
tenth.
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Name: _ Date:

The Converse of the Pythagorean Theorem
Algebra 1

In the last lesson, we reviewed how the Pythagorean Theorem can be used to solve for missing side
lengths of right triangles. The Pythagorean Theorem can be reversed, called the converse, to
determine if a triangle contains a right angle, i.e. is a right triangle. More fonnally, if the side lengths
of a triangle satisfy a +b =c , then the triangle must be a right triangle.

Exercise #1: Determine if the triangles below represent right triangles. Diagrams are not drawn to
scale, so no judgment can be made based upon appearance.

(a) 10 26
(b) 4

24

8

6

Note that the side length substituted for the hypotenuse must be the largest number.

Exercise #2: Detennine whether each given set of numbers could represent the side lengths of a right
triangle. (Hint - You may find the STORE option on your calculator helpful for this problem.)

(a) {9,12,15} (b) {4,2^,6} (c) {1,^,4}

Exercise #3: Wliich of the following sets of numbers represents the lengths of the sides of a right
triangle?

(1) {5,9,11}

(2) {15,36,39}

(3) {6,8,15}

(4) {11,15,17}
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Exercise #4: Determine for what value(s) of x the triangle below would be a right triangle. The figure
is not drawn to scale.

.c+8

x+7

x

Exercise #4: The Aloha Fan Company claims to make fans that rotate at least 90° . To test this claim,
Jim and Carl position themselves at either end of the rotation cycle as pictured below. According to
their measurements, is the Aloha Fan Company making a valid claim?

'•i
\

10.1ft
y\

's-r- Carl
«7^

Jim 9.3ft

5.2ft
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Name: Date:

The Converse of the Pythagorean Theorem
Algebra 1 Homework

Skills

For problems 1 through 6, determine if each given set could represent the lengths of the sides of a right
triangle. Justify your answers. Hint - You might find the STORE function useful for these problems.

1. {5,12,13} 2. {6,7.2,9}

3. ^.^,5
l2'4'4 4. [^2,^5,^/W]

5. {^,3,2^} 6. ^,i.^
[8'2'8

7. Which of the following sets of numbers could represents the lengths of the sides of a right triangle?

(1) {8,10,12} (3) {16,30,34}

(2) {25,31,40} (4) {19,20,22}

8. A right triangle would be fanned by using which of the following sets of numbers as the lengths of
its sides?

(1) {9,40,41}

(2) {11,23,26}

(3) {10,15.20}

(4) {18,21,30}
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Applications

9. Jacob is building a table and lost his carpenter's square, which is used to fonn right angles. For the
table to be structurally sound, the legs and the table top must form right angles. He measures the
table top, legs, and the diagonal distance from the bottom of the legs to the opposite comer. From
the diagram below, does Jacob's table appear to be structurally sound? Support your answer with
mathematical evidence.

8ft

^
^^.

^1

4ft <

9ft

"\

y

>4ft

Reasoning

10. Determine for what value(s) of x the triangle below would be a right triangle. The figure is not
drawn to scale.

x+4

x

x+2
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Similar Right Triangles - Introduction to Trigonometry
Algebra 1

Trigonometry is an ancient mathematical tool with many applications, even in our modem world.
Ancient civilizations used right triangle trigonometry for the purpose of measuring angles and
distances in surveying and astronomy, among other fields. When trigonometry was first developed, it
was based on similar right triangles. We will explore this topic first in the following two exercises.

Exercise #1: For each triangle, measure the length of each side to the nearest tenth of a centimeter,
and then fill out the table below. Round each ratio to the nearest hundredth. When determining
opposite and adjacent sides, refer to the 20° angle. To fill in the small box on the right, use your
calculator, in DEGREE MODE, and express the values to the nearest hundredth.

20° 20°

Opposite

Adjacent

Opposite

Hypotenuse

Adjacent

Hypotenuse

Triangle #1

Triangle #2

tan 20°=

sin 20°=

cos 20°=

Exercise #2: Repeat Exercise #1 for the triangles show below that each have an acute angle of 50°.

''50° '50°

Opposite

Adjacent

Opposite

Hypotenuse

Adjacent

Hypotenuse

Tnangle #1

Triangle #2

tan 50°=

sin 50° =

cos 50° =
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The Right Triangle Trigonometric Ratios - Although we won't prove this fact until a future geometry
course, all right triangles that have a common acute angle are similar. Thus, the ratios of their
corresponding sides are equal. A very long time ago, these ratios were given names. These
trigonometric ratios (trig ratios) will be introduced through the following exercises, each of which refer
to the diagram below.

c

3

In a right triangle:

tangent of an angle
leg opposite of the angle
leg adjacent to the angle

B 4

Exerciser: tan A =

'A

tan C=

te of the
sine of an angle =

hypotenuse
Exercise #4: sin A sin C

cosine of an angle
leg adjacent to the angle

hypotenuse
Exercise #5: cos A cos C

A Helpful Mnemonic For Remembering the Ratios:

SOH-CAH-TOA

Sine is Opposite over Hypotenuse - Cosine is Adjacent over Hypotenuse - Tangent is Opposite over
Adjacent

Exercise #3: Find each of the following ratios for the right triangle shown below.

(a) sin A = (b) tan 5= B^

(c) cos A =

(e) cos 5=

(d) tan A =

(f) sin5=

5

c

13

12
A
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Similar Right Triangles - Introduction to Trigonometry
Algebra 1 Homework

Skills

For problems 1-6, use the triangle to the right to find the given trigonometric ratios.

1. cos N = N

2. sinN:

3. tan N

4. sin P=

5. cosP:

6. tan P:

9
15

M 12 p

7. Given the right triangle shown, which of the following represents the value of tan A ?

A

25

<"1 CT^r
24

(2)^ (4)^
25

7

B 24 c

8. In the right triangle below, cos <2==?

wl-j-

CTA
12

p>^
17

^

s

5

R 12 Q
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For problems 9-14, use the figure at the right to determine each trigonometric ratio. Make sure to
reduce your trig ratios to their simplest fonn.

9. sin C =

10. cos C

11. tan C=

12. sin A =

13. cos A A

c

4
2^3

2 B

14. tan A

Reasoning

Although we will not prove it here, two triangles will always be similar if they have three pairs of
congruent angles. This is not true for quadrilaterals or any other polygons.

15. Consider the two right triangles shown below:

35°
35°

Based on the information above, are these two right triangles similar? Explain.

16. Why can we say that two right triangles that share an acute angle are similar? Explain.
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Trigonometry and the Calculator
Algebra 1

In the previous lesson, we introduced the trigonometric ratios. We also discussed a mnemonic that is
helpful to remember the trig ratios: SOH-CAH-TOA. The first exercise reviews how to write these
ratios given the lengths of the sides of a right triangle.

Exercise #1: Using the diagram below, state the value for each of the following trigonometric ratios.

^ (a) sin A = (b) tan C=

13

A 12

5 (c) cosC=

g (e) tan A =

(d) cos A:

(f) sin C

Today we will discuss how the graphing calculator is used with trigonometry. However, before we
start, it is important that our calculator is the right MODE.

To change your calculator into DEGREE MODE:

1. Press the MODE button on your calculator.

2. Use the arrow keys to highlight DEGREE and press ENTER.

3. Exit the menu (this or any other) by hitting QUIT.

H®i?89
Par Pol Sefli

_Doi
Sinyll

^+bV-r?A0i
Horiz G-T

L'Ot'iriiE'Ct-E'C
Sequentia

Full

Now that we are in DEGREE MODE, we can start evaluating some trig ratios without referring to any
right triangles whatsoever. The SIN, COS, and TAN buttons are located in the center of the key pad.

Exercise #2: Evaluate sin 30°, cos 30° and tan 30°. Round any non-exact answer to the nearest
thousandth.

sin<30)
.5

cos<30)
1.8660254038

ian<305773502692
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Exercise #3: Evaluate each of the following. Round your answers to the nearest thousandth.

(a) tan(40°) (b) cos(20°) (c) sin(63°)

It is important to remember that each of the answers from Exercise #3, represent the ratio of two
sides of a right triangle. In each case the ratio has akeady been divided and the calculator is giving
the decimal form of the ratio.

Exercise #4: Could the right triangle below exist with the given measurements? Explain your answer.
c

3

40°

A 4 B

The Inverse Trig Functions - Thus far, we have been evaluating the sine, cosine, and tangent of angles.
By doing so, we have been finding the ratio of two sides in a right triangle given an angle. Using the
calculator, we can reverse this process and find the angle when given a ratio of sides.

Exercise #5: Consider the following:

(a) Evaluate sin-l — using your calculator. The screen shot is shown at the below.

(b) How do you interpret this answer?

sin-Kl/2)
30

Exercise #6: Find each angle that has the trigonometric ratio given below. Round all answers to the
nearest tenth of a degree, if they are not whole numbers.

(a) tan A =— (b) cos 5=^ 2
(c) sin£'=—
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Skills

Date:

Trigonometry and the Calculator
Algebra 1 Homework

For problems 1 through 6, evaluate each trigonometric function. Round your answers to the nearest
thousandth.

1. sin (55°) 2. cos(45°) 3. tan (20°)

4. sin (85°) 5. tan (60°) 6. sin (23°)

For problems 7 through 15, find the angle that has the given trigonometric ratio. Round all non-exact
answers to the nearest tenth of a degree.

7. sinA=^
3

4
8. cosG=-

9
9. tan^=l

10. cos 5 =-8- 11. tmR=-
5

12. sinr=^
2

13. tan A =3.127 14. sin 5 =0.724 15. cos£= 0.876

2
16. If sin A =— then mZ.A is closest to which of the following?

(1) 32°

(2) 76°

(3) 24°

(4) 56°

17. If tan A = 3.5 then m^A, to the nearest degree,is

(1) 74° (3) 24°

(2) 18° (4) 55°
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Reasoning

18. Recall from homework problems 7 through 15, that an inverse trigonometric function gives the
angle measurement that corresponds to the ratio of two sides of a right triangle.

.-if 3(a) The screen shots below show what happens when you try to evaluate sin- — . Verify why this

.-if 3
happens when you evaluate sin-l | — |.

(b) Considering the fact that sin (Angle) = ^^"""^ L'1"^' ^ ^y
hypotenuse

.-if3'
does it make sense that sin-I | ^-1 gives you an ERROR?

sin'i<3/2)

ERR:DOMRIN
IQuit

!:Goto

19. Are the triangles below labeled with correct measurements? For each right triangle below,
detennine if the ratio of the sides accurately corresponds to the angle.

(a)

16

30°

8

(b)

^2
60°

4

20. Consider the following right triangle.

(a) Express sin A as a ratio.

(b) Find the mZA to the nearest degree.

c

3

A B
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