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8.7 Right Triangle Trigonometry
The origins of trigonometry, from the Greek trigonon (angle) and metria (measure), can be traced to the ancient Egyptian, Babylonian, and Indian civilizations
more than 3000 years ago. The name trigonometry, however, first appeared in
1595 as the title of the book Trigonometria published by Bartholomeo Pitiscus.
There are many applications of trigonometry: astronomy, geography, satellite
navigation, and CAT scans and ultrasound, to name a few. In this section we
will concentrate on three important trigonometric ratios involving the lengths
of the sides of a right triangle: sine (abbreviated sin), cosine (abbreviated
cos), and tangent (abbreviated tan). The reason for this is that when one of
the acute angles and the length of one of the sides of a right triangle are known,
we can solve for the length of the other two sides using these ratios. Thales
of Miletus may have used similar triangles to calculate the height of the
pyramids and solve simple problems. For example, how far from shore is the
ship?

c
a

A
d

b

e

Since the two triangles are similar, their sides are proportional, and we can solve
for e in
ab
a
 e
d
by cross-multiplying to obtain ae  (a  b)d. Dividing by a, we find the answer
e. Since a, b, and d are known, the value of e from the equation is
e

(a  b) d

a
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A. Solving Triangles and the Trigonometric Ratios
The same problem can be solved using trigonometry. We define the trigonometric ratios using a right triangle with acute angle A and right angle C as shown in
the figure below.
B
a is the length of
the side opposite
(across) angle A.

c is the length of
the hypotenuse.
c

a

C

b

A

b is the length of
the side adjacent
(next to) angle A.

A is sometimes
called the
reference angle.

Trigonometric Ratios

Online Study Center

sin A 

opposite side
hypotenuse

cos A 

adjacent side
hypotenuse

tan A 

opposite side
adjacent side

You can remember these definitions if you remember SOHCAHTOA (pronounced “so-cah-tow-ah”):

To read the funny story of chief
Sohcahtoa, go and visit link 8.7.1
on this textbook’s Online Study
Center.

S

OH

sin 

opp
hyp

Oh Heck

C

AH

cos 

Another Hour

adj
hyp

T

tan 

OA

opp
adj

Of Algebra

EX AM P LE 1  Solving Triangles
Online Study Center

If you want to solve any triangle
when you know
1. Two sides or
2. One angle and one side
go to link 8.7.2 on this
textbook’s Online Study Center.

Find the sine, cosine, and tangent of the given triangle.
B
5
C

c

12

A
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Solution

To find sin A, cos A, and tan A, we first have to find c. Using the Pythagorean
theorem,
a2  b2  c2
52  122  c2
25  144  c2
169  c2
2169  c
13  c
Next, we use the definition of the trigonometric ratios. Note that the side opposite angle A is 5 units, and the side adjacent to A is 12 units. Now substitute the
numbers 5, 12, and 13 in the ratios.
sin A 

opposite side
5

13
hypotenuse

cos A 

adjacent side
12

13
hypotenuse

tan A 

opposite side
5

12
adjacent side
B
5
C

13

12

A



If we are given the measure of one of the acute angles in a right triangle and the
length of one of the sides, we can find the length of the other two sides. To do
this, we need to use a scientific calculator or a grapher to find approximations for
the trigonometric ratios. For example, to find the sine, cosine, and tangent of a
50° angle rounded to four decimal places, we use the following keystrokes with
a scientific calculator (left) and with a grapher (right).

Using a Scientific Calculator

Using a Grapher
(Press MODE and Select Degrees)

50 sin  0.7660

SIN

50

ENTER

 0.7660

50 cos  0.6428

COS

50

ENTER

 0.6428

50 tan  1.1918

TAN

50

ENTER

 1.1918
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EX AM P LE 2  Finding a Missing Side

Find a (to the nearest whole number) in the right triangle.

a

50°
20 in.

C

Solution

First, complete the picture by labeling all sides and angles. Note that the 50°
angle is inside the triangle and must be labeled A because it is opposite side a.
Label the remaining angle B as shown below.
B

a

A

50°
20 in.

C

The triangle deals with a (opposite A) and 20 in. (adjacent to A), which means
that we should use the tangent of A. Now,
tan 50° 

opposite side
a

20
adjacent side

Substituting for tan 50°,
1.1918 

a
20

Multiply by 20.
20(1.1918)  a
Thus,
a  24



We already know how to find the length of the hypotenuse of a right triangle
by using the Pythagorean theorem. In doing so, we need to know the length of
both legs (sides) of the triangle. What about the case in which we only have the
length of one side of the triangle and the measure of one of the angles? We can
still do it if we use the trigonometric ratios we have just learned! Let us see how.
EX AM P LE 3  Finding the Hypotenuse When the Length of One Side
and an Angle Are Given
•—•

In the right triangle ABC, the length of BC
is 10 ft, and the measure of angle B is
•—•
40°. Find the length of the hypotenuse BA to the nearest whole number.
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Solution

First draw triangle ABC (left), and then substitute BC  10 ft, BA  h, and
B  40° (right).
B

B

40°
10 ft

C

A

BA = h

C

A
•—•

Angle B is 40°, BC is 10 ft, and BA  h. Since BC is adjacent to B and h is the
hypotenuse, we need the ratio involving the adjacent side and the hypotenuse; that
is, the cosine of B  40°.
Using a calculator will tell us that
cos 40°  0.7660
Thus,
cos 40° 

adjacent side
10 ft

hypotenuse
h
0.7660 

Substituting 0.7660 for cos 40°,
Cross-multiplying,
Dividing both sides by 0.7660,

10 ft
h

0.7660h  10 ft
10 ft
h
 13 ft
0.7660

Can we check the answer? By the—
Pythagorean theorem, if 10 2  CA2  132,
• •
we are correct. To find the length of CA, we use the fact that the sum of the angles
on a triangle is 180°. Since the measure of angle B is 40° and mC is 90°,
mA  180°  40°  90°  50°.
•—•
With this information, we can find the length of AC by using
tan 50° 

opposite side
10 ft

CA
adjacent

Substituting 1.1918 for tan 50°,

1.1918 
CA 

10 ft
CA
10 ft
8
1.1918

Our result will be correct if 10 2  82  132, but 100  64  169, so our
answer is right!
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B. Applications of the Trigonometric Ratios

67°
50 m
EX AM P LE 4  Finding the Height of the Alexandria Lighthouse.

The figure above shows one of the Seven Wonders of the World, the Great Lighthouse at Alexandria, Egypt, whose construction started in 290 B.C. The platform
on which the lighthouse stands is about 100 m wide, and the angle of elevation
from the corner of the platform to the top of the lighthouse is 67°. To the nearest
meter, how high is the lighthouse?
Solution

We start by making a picture. Since the platform is 100 m wide, the distance from
the center of the platform to the corner is 50 m, the angle of elevation A is 67°,
and the height we would like to find is x, as shown in the diagram.

x

67°
50 m
A

Using angle A as our reference angle, we are looking for the length x of the
opposite side when we know the length of the adjacent side, so we have to use
tan 67° 

opposite
x

adjacent
50

Using a calculator,
Cross-multiplying,

x
50
50(2.3559)  x
118  x (to the nearest meter)
2.3559 



304470_Bello_ch08_sec7_web

11/8/06

7:08 PM

Page R7

8.7 Right Triangle Trigonometry

R7

If we know the length of two sides of a right triangle, the measures of the corresponding angles can be found by using the inverse trigonometric keys on a calculator. For example, suppose that tan A  0.0015. We can find the measure of
angle A by using the inverse tan key usually labeled tan1.
Using a Grapher
(Press MODE and Select Degrees)

Using a Scientific Calculator

tan1

tan1

0.0833 INV

tan

2nd

TAN 0.0833 ENTER

In both cases, the answer is 4.7617, which means that the measure of angle A is

about 4.7617°.
We will use this idea in the next example.
EX AM P LE 5  Inclination of a Ramp

When built to provide an accessible handicap entrance, the slope of a ramp
should be as small as possible. The maximum slope in new construction is 1:12
(every inch of rise will require 1 ft of run). What is the maximum angle of inclination of the ramp shown in the figure?
Level
landing

Level
landing

Slope 1:12 max.
Solution

Make a diagram using the given information and labeling the unknown angle as
A. We are given the length of the sides opposite (1) and adjacent (12) to A, and
we are looking for the measure of angle A.
1
12

A

We know
tan A 

opposite
1
 0.0833

12
adjacent

Thus,
tan A  0.0833
Now we use the inverse tan key to find A. Using a scientific calculator or a
grapher,
1
tan

0.0833

INV

tan

 4.76174498

tan1

INV

TAN

0.0833

ENTER

 4.76174498

Thus, the measure of angle A is approximately 4.7617°.
This means that the maximum inclination for the ramp is 4.7617°. You can round
the answer down to 4° (remember, 4.7617° is the maximum inclination, so we

round down).
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EXERCISES 8.7
A Solving Triangles and the
Trigonometric Ratios

In problems 1–8, use the Pythagorean theorem to find
the length of the missing side.

6. The length of one side of a right triangle is 12, and
the length of the hypotenuse is 20, as shown in the
figure. Find the length b of the other side.

1. A right triangle has side lengths 3 and 4, as shown
in the figure. Find the length c of the hypotenuse.

b

c

3

7. The length of one side of a right triangle is 24, and
the length of the hypotenuse is 26, as shown in the
figure. Find the length a of the other side.

4

2. A right triangle has side lengths 5 and 12, as shown
in the figure. Find the length c of the hypotenuse.

26

a

c

5

20

12

24

12

3. A right triangle has side lengths 8 and 15, as shown
in the figure. Find the length c of the hypotenuse.

8. The length of one side of a right triangle is 20, and
the length of the hypotenuse is 25, as shown in the
figure. Find the length a of the other side.

25

a
c

8
20

15

4. A right triangle has side lengths 6 and 8 as shown
in the figure. Find the length c of the hypotenuse.

For problems 9–12, refer to the right triangle below.
A
c

b
c

6

8

5. The length of one side of a right triangle is 9, and
the length of the hypotenuse is 15, as shown in the
figure. Find the length b of the other side.

15

9

b

a

9. If a  4, b  3, and c  5, find
a. cos A.
b. sin A.
c. tan A.
Express your answers as reduced fractions.
10. If a  12, b  5, and c  13, find
a. cos A.
b. sin A.
c. tan A.
Express your answers as reduced fractions.
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11. If a  30, b  16, and c  34, find
a. cos A.
b. sin A.
c. tan A.
Express your answers as reduced fractions.
12. If a  24, b  10, and c  26, find
a. cos A.
b. sin A.
c. tan A.
Express your answers as reduced fractions.
13. A right triangle has side lengths 9 and 12, as
shown in the figure.
a. Use the Pythagorean theorem to find the length
c of the hypotenuse.
b. Use your answer from part (a) to find cos A,
sin A, and tan A. Express your answers as
reduced fractions.

16. A right triangle has side lengths 21 and 28, as
shown in the figure.
a. Use the Pythagorean theorem to find the length
c of the hypotenuse.
b. Use your answer from part (a) to find cos A,
sin A, and tan A. Express your answers as
reduced fractions.
A
c

Use the following table to answer problems 17
and 18.
sin 55°  0.82
cos 55°  0.57
tan 55°  1.43

c

12

14. A right triangle has side lengths 9 and 40, as
shown in the figure below.
a. Use the Pythagorean theorem to find the length
c of the hypotenuse.
b. Use your answer from part (a) to find cos A,
sin A, and tan A. Express your answers as
reduced fractions.
A
9

21

28

A

9

R9

17. The length of one side of a right triangle is 16 in.,
as shown in the figure.
a. Find the length of side a.
b. Find the length of hypotenuse c.
Round your answers to the nearest whole number.

c

a

c
55°

40

15. A right triangle has side lengths 12 and 35, as
shown in the figure.
a. Use the Pythagorean theorem to find the length
c of the hypotenuse.
b. Use your answer from part (a) to find cos A,
sin A, and tan A. Express your answers as
reduced fractions.

16 in.

18. The length of one side of a right triangle is 25 ft,
as shown in the figure.
a. Find the length of side b.
b. Find the length of the hypotenuse c.
Round your answers to the nearest whole number.

A
c

12

55°
b

c

35
25 ft
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Use the following table to answer problems 19
and 20.
sin 20°  0.34
cos 20°  0.94
tan 20°  0.36

22. The Washington Monument is 555 ft tall. If the
Sun’s rays and the monument form an angle of 27°
(see figure), how long is the shadow to the nearest
whole number? (Use tan 27°  0.5.)

19. The length of one side of a right triangle is 24 in.,
as shown in the figure.
a. Find the length of side b.
b. Find the length of hypotenuse c.
Round your answers to the nearest whole number.

27°
555 ft

c

20°

b

Corbis

24 in.

20. The length of one side of a right triangle is 40 ft,
as shown in the figure.
a. Find the length of side a.
b. Find the length of hypotenuse c. Round your
answers to the nearest whole number.
c

a

20°
40 ft

When a flying object (such as an airplane or a bird)
ascends, its trajectory forms an angle with the ground,
called the angle of inclination (see figure below).

ory

ject

Tra

Altitude

Angle of inclination

B Applications of the Trigonometric Ratios

21. A tree casts a shadow 32 ft long. A hiker estimates
the angle between the Sun’s rays and the ground to
be 72° (see figure). Using tan 72°  3, estimate
the height of the tree to the nearest whole number.

In exercises 23–26, use trigonometry to find the
altitudes.
23. An airplane ascends with a 30° angle of inclination.
If the airplane is flying at a rate of 5 mi/min, what
is the altitude after 5 min? (Use sin 30°  0.5, and
round the answer to the nearest whole number.)
24. A rocket blasts of with a 67° angle of inclination. If
the rocket travels with a speed of 25 mi/min, what
is the altitude after 10 min? (Use sin 67°  0.92,
and round the answer to the nearest whole number.)

72°
32 ft

25. A bird takes off with a 12° angle of inclination. If
the bird is flying at a rate of 200 ft/min, how high
is the bird after 7 min? (Use sin 12°  0.21, and
round the answer to the nearest whole number.)
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26. A helicopter ascends with a 45° angle of inclination. If the helicopter travels at a speed of 40 mph,
what is the helicopter’s altitude after 15 min?
(Hint: 15 min  14 hr.) (Use sin 45°  0.7, and
round the answer to the nearest whole number.)
27. The plane shown is ascending at a 10° angle. If the
plane is 40 ft high, how far is the end of the runway? (Use tan 10°  0.18, and round the answer
to the nearest whole number.)

29. Pedro Mendieta operates the conveyor-belt
machine used to haul materials to the top of the
concrete mixing container. If the belt makes a
20° angle with the horizontal and ends 40 ft above
the ground, how far do the materials travel to get
to the top of the conveyor belt? How long is the
belt? (Use sin 20°  0.34, and round the answer to
the nearest whole number.)

40 ft.
20°
10°

40 ft.
Emma Lee/Life File/PhotoDisc/Getty Images

Roger Ressmeyer/Corbis

28. The Dames Point Bridge spans the St. John River
in Jacksonville, Florida. The longest cable supporting the bridge is 720 ft long and makes a 25°
angle with the road. What is the height h of the
pole? (Use sin 25°  0.42, and round the answer
to the nearest whole number.)

30. Another conveyor-belt machine operated by John
Taylor makes an 18° angle with the horizontal and
ends 45 ft above the ground. How far do the materials travel to get to the top of the conveyor belt?
How long is the belt? (Use sin 18°  0.31, and
round the answer to the nearest whole number.)

h ft.
720 ft.
25°

45 ft.
18°
Caroline/zefa/Corbis

In Other Words
Courtesy HNTB

31. We use the memory device SOHCAHTOA to
remember the formulas for the sine, cosine, and
tangent. Can you give other words for remembering those three trigonometric ratios?
32. Explain in your own worlds what it means when
we say to “solve a triangle.”
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33. What happens to the tangent of an angle as the
measure of the angle gets close to 90°? (Hint: Try
tan 88°, tan 89°, tan 89.5°, and tan 90° with your
calculator.)
34. Explain in your own words what the angle of elevation is. What would the angle of depression be?
Using Your Knowledge
Do you remember how to solve the equation x2  a?
You extract the square root of both sides to get the
answers x   1a, where a is positive. What about
simplifying 2ab? (See Section 5.7.) Use the knowledge of these two facts to solve the following problems. A right triangle has angles 30° and 60°, as shown
in the figure. Use the following table to answer problems 35–40:
60°
b

23
2
1
cos 60° 
2

An equation relating certain trigonometric values is
called a trigonometric identity. For example, can you
discover if the equation
(sin A)2  (cos A) 2  1
is true for every number A? This equation is called the
Pythagorean identity. If one trigonometric value is
known, you can use this identity to discover the others.
For example, using the fact that cos 30°  12 , we can
substitute in the Pythagorean identity to discover the
exact value of sin 30°.
(sin 30°)2  (cos 30°)2  1
1 2
(sin 30°)2  a b  1
2
(sin 30°)2 

1
1
4

(sin 30°)2  1 

c
30°

cos 30° 

Discovery

sin 30° 

1 3

4 4

23
3

4
2
B

a

Note: The exact value usually involves radical
expressions.

1
2
23
sin 30° 
2

41. Use the calculation above to find the exact value
of tan 30°. Compare with problem 39.

sin 30° 

35. If c  2, find the exact values of a and b.
36. If b  4, find the exact values of a and c.
37. If a  23, find the exact values of b and c.
38. If c  5, find the exact values of a and b.
39. What is the exact value of tan 30°?
40. What is the exact value of tan 60°?

42. Use the fact that cos 45°  22
2 to find the exact
values of sin 45° and tan 45°.
43. Use the approximation cos 15°  0.97 to approximate sin 15° and tan 15° (Round your answers to
two decimal places).
44. Use the approximation sin 23°  0.39 to approximate cos 23° and tan 23°. (Round the answer to
two decimal places.)

