
Pythagorean	Theorem	

															 	
If	c2	=	a2	+	b2	(right	triangle)	 	 If	c2	<	a2	+	b2	(acute	triangle)	 	 If	c2	>	a2	+	b2	(obtuse	triangle) 
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9.1 Lesson What You Will LearnWhat You Will Learn
 Use the Pythagorean Theorem.

 Use the Converse of the Pythagorean Theorem.

 Classify triangles.

Using the Pythagorean Theorem
One of the most famous theorems in mathematics is the Pythagorean Theorem, 
named for the ancient Greek mathematician Pythagoras. This theorem describes the 
relationship between the side lengths of a right triangle.

 Using the Pythagorean Theorem

Find the value of x. Then tell whether the side lengths 
form a Pythagorean triple.

SOLUTION

 c2 = a2 + b2 Pythagorean Theorem

 x2 = 52 + 122 Substitute.

 x2 = 25 + 144 Multiply.

 x2 = 169  Add.

 x = 13  Find the positive square root.

  The value of x is 13. Because the side lengths 5, 12, and 13 are integers that 
satisfy the equation c2 = a2 + b2, they form a Pythagorean triple.

Pythagorean triple, p. 464

Previous
right triangle
legs of a right triangle
hypotenuse

Core VocabularyCore Vocabullarry

TheoremTheorem
Theorem 9.1 Pythagorean Theorem
In a right triangle, the square of the length of the 
hypotenuse is equal to the sum of the squares of 
the lengths of the legs.

Proof Explorations 1 and 2, p. 463; Ex. 39, p. 484

A Pythagorean triple is a set of three positive integers a, b, and c that satisfy the 
equation c2 = a2 + b2.

Core Core ConceptConcept
Common Pythagorean Triples and Some of Their Multiples

3, 4, 5

6, 8, 10

9, 12, 15

3x, 4x, 5x

5, 12, 13

10, 24, 26

15, 36, 39

5x, 12x, 13x

8, 15, 17

16, 30, 34

24, 45, 51

8x, 15x, 17x

7, 24, 25

14, 48, 50

21, 72, 75

7x, 24x, 25x

The most common Pythagorean triples are in bold. The other triples are the result 
of multiplying each integer in a bold-faced triple by the same factor.

STUDY TIP
You may fi nd it helpful 
to memorize the basic 
Pythagorean triples, 
shown in bold, for 
standardized tests.

a

b

c

5

12

x

c2 = a2 + b2
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Extra Example 1
Find the value of x. Then tell whether the 
side lengths form a Pythagorean triple.

x 4

5

x =  √
—

 41  ;  √
—

 41   is not an integer, so the 
side lengths do not form a Pythagorean 
triple.

English Language Learners

Vocabulary
Some students may confuse the legs of 
an isosceles triangle with the legs of a 
right triangle. Have students practice 
classifying triangles and identifying 
the legs, base, and hypotenuse when 
present. Discuss the properties of each 
type of leg and ask students if it is 
possible for a single triangle to contain 
both types of legs.

Teacher ActionsTeacher ActionsLaurie’s Notes
• Paired Verbal Fluency and MP6 Attend to Precision: Have students pair up and 

follow the protocol described on page T-462. Ask students to share what they recall about the 
Pythagorean Theorem from middle school. Students should be precise in their summaries.

• Pythagorean triples and their multiples are a handy list to remember. Suggest to students that 
they memorize the four key triples in bold.

 Fact-First Questioning: Say, “If p, q, and r satisfy the Pythagorean Theorem, then   p — 
2
  ,   q — 

2
  , and 

  r — 
2
   will also. Explain.” Listen for valid reasoning.
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 Use the Converse of the Pythagorean Theorem.

 Classify triangles.
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named for the ancient Greek mathematician Pythagoras. This theorem describes the 
relationship between the side lengths of a right triangle.

 Using the Pythagorean Theorem

Find the value of x. Then tell whether the side lengths 
form a Pythagorean triple.

SOLUTION

 c2 = a2 + b2 Pythagorean Theorem

 x2 = 52 + 122 Substitute.

 x2 = 25 + 144 Multiply.

 x2 = 169  Add.

 x = 13  Find the positive square root.

  The value of x is 13. Because the side lengths 5, 12, and 13 are integers that 
satisfy the equation c2 = a2 + b2, they form a Pythagorean triple.

Pythagorean triple, p. 464

Previous
right triangle
legs of a right triangle
hypotenuse

Core VocabularyCore Vocabullarry

TheoremTheorem
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In a right triangle, the square of the length of the 
hypotenuse is equal to the sum of the squares of 
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equation c2 = a2 + b2.

Core Core ConceptConcept
Common Pythagorean Triples and Some of Their Multiples

3, 4, 5

6, 8, 10

9, 12, 15

3x, 4x, 5x

5, 12, 13

10, 24, 26

15, 36, 39

5x, 12x, 13x

8, 15, 17

16, 30, 34

24, 45, 51

8x, 15x, 17x

7, 24, 25

14, 48, 50

21, 72, 75

7x, 24x, 25x
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STUDY TIP
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shown in bold, for 
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Extra Example 1
Find the value of x. Then tell whether the 
side lengths form a Pythagorean triple.

x 4

5

x =  √
—

 41  ;  √
—

 41   is not an integer, so the 
side lengths do not form a Pythagorean 
triple.

English Language Learners

Vocabulary
Some students may confuse the legs of 
an isosceles triangle with the legs of a 
right triangle. Have students practice 
classifying triangles and identifying 
the legs, base, and hypotenuse when 
present. Discuss the properties of each 
type of leg and ask students if it is 
possible for a single triangle to contain 
both types of legs.

Teacher ActionsTeacher ActionsLaurie’s Notes
• Paired Verbal Fluency and MP6 Attend to Precision: Have students pair up and 

follow the protocol described on page T-462. Ask students to share what they recall about the 
Pythagorean Theorem from middle school. Students should be precise in their summaries.

• Pythagorean triples and their multiples are a handy list to remember. Suggest to students that 
they memorize the four key triples in bold.

 Fact-First Questioning: Say, “If p, q, and r satisfy the Pythagorean Theorem, then   p — 
2
  ,   q — 

2
  , and 

  r — 
2
   will also. Explain.” Listen for valid reasoning.
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 Section 9.1  The Pythagorean Theorem 469

13.  MODELING WITH MATHEMATICS The fi re escape 
forms a right triangle, as shown. Use the Pythagorean 
Theorem (Theorem 9.1) to approximate the distance 
between the two platforms. (See Example 3.)

16.7 ft
x

8.9 ft

 14. MODELING WITH MATHEMATICS The backboard 
of the basketball hoop forms a right triangle with 
the supporting rods, as shown. Use the Pythagorean 
Theorem (Theorem 9.1) to approximate the distance 
between the rods where they meet the backboard. 

13.4 in.x

9.8 in.

In Exercises 15 –20, tell whether the triangle is a right 
triangle. (See Example 4.)

 15. 

65

72

97

 16. 

 17. 

14 10

4   19  18. 

 19. 
2 6

3   5

 20. 

In Exercises 21–28, verify that the segment lengths 
form a triangle. Is the triangle acute, right, or obtuse? 
(See Example 5.)

 21. 10, 11, and 14 22. 6, 8, and 10

 23. 12, 16, and 20 24. 15, 20, and 26

 25. 5.3, 6.7, and 7.8 26. 4.1, 8.2, and 12.2

 27.  24, 30, and 6 √
—

 43   28. 10, 15, and 5 √
—

 13  

 29. MODELING WITH MATHEMATICS In baseball, the 
lengths of the paths between consecutive bases are 
90 feet, and the paths form right angles. The player on 
fi rst base tries to steal second base. How far does the 
ball need to travel from home plate to second base to 
get the player out?

 30. REASONING You are making a canvas frame for a 
painting using stretcher bars. The rectangular painting 
will be 10 inches long and 8 inches wide. Using a 
ruler, how can you be certain that the corners of the 
frame are 90°?

In Exercises 31–34, fi nd the area of the isosceles 
triangle. 

 31. 

17 m17 m

16 m

h

 32. 

 33. 
10 cm10 cm

12 cm

h

 34. 

50 m50 m

28 m

h

21.2

23

11.4

5 1

26

80

89

39

20 ft20 ft

32 ft

h
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ANSWERS
13. about 14.1 ft
14. about 9.14 in.
15. yes
16. no
17. no
18. yes
19. no
20. yes
21. yes; acute
22. yes; right
23. yes; right
24. yes; obtuse
25. yes; acute
26. yes; obtuse
27. yes; obtuse
28. yes; right
29. about 127.3 ft
30. Each diagonal should form a right 

triangle with c2 = 82 + 102, so each 
diagonal should be about 12.8 inches 
long.

31. 120 m2

32. 192 ft2

33. 48 cm2

34. 672 m2
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9.2 Lesson What You Will LearnWhat You Will Learn
 Find side lengths in special right triangles.

 Solve real-life problems involving special right triangles.

Finding Side Lengths in Special Right Triangles
A 45°- 45°- 90° triangle is an isosceles right triangle that can be formed by cutting a 
square in half diagonally.

 Finding Side Lengths in 45°- 45°- 90° Triangles

Find the value of x. Write your answer in simplest form.

a. 

x

8

45°

 b. 

xx

5   2

SOLUTION

a. By the Triangle Sum Theorem (Theorem 5.1), the measure of the third angle must 
be 45°, so the triangle is a 45°- 45°- 90° triangle.

 hypotenuse = leg ⋅  √—
 2    45°- 45°- 90° Triangle Theorem

x = 8 ⋅  √—
 2    Substitute.

  x = 8 √
—

 2    Simplify.

  The value of x is 8 √
—

 2  .

b. By the Base Angles Theorem (Theorem 5.6) and the Corollary to the Triangle Sum 
Theorem (Corollary 5.1), the triangle is a 45°- 45°- 90° triangle.

 hypotenuse = leg ⋅  √—
 2    45°- 45°- 90° Triangle Theorem

5 √
—

 2   = x ⋅  √—
 2    Substitute.

5 √
—

 2  
 — 

 √
—

 2  
   =   

x √
—

 2  
 — 

 √
—

 2  
   Divide each side by  √

—
 2  .

5 = x Simplify.

  The value of x is 5.

REMEMBER
An expression involving 
a radical with index 2 
is in simplest form when 
no radicands have perfect 
squares as factors other 
than 1, no radicands 
contain fractions, and 
no radicals appear in the 
denominator of a fraction.

Previous
isosceles triangle

Core VocabularyCore Vocabullarry

TheoremTheorem
Theorem 9.4 45°- 45°- 90° Triangle Theorem
In a 45°- 45°- 90° triangle, the hypotenuse is 
 √

—
 2   times as long as each leg.

Proof Ex. 19, p. 476 hypotenuse = leg ⋅  √—
 2  

x

x
x   245°

45°
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English Language Learners

Building on Past Knowledge
Remind students that the properties of 
45°-45°-90° and 30°-60°-90° triangles 
can be derived by applying the 
Pythagorean Theorem to the triangles 
formed by a diagonal in a square and 
the height of an equilateral triangle.

Extra Example 1
Find the value of x. Write your answer in 
simplest form.

a. 

x22

22

 22 √
—

 2  

b. 

x
x

10   2

 10

Teacher ActionsTeacher ActionsLaurie’s Notes
• State the theorem and connect to Exploration 1 done by students. See the Teaching Strategy on 

page T-470.
• In answering problems, such as Example 1, students will often start to use the Pythagorean 

Theorem to solve for the missing side length versus applying Theorem 9.4.
• MP2 Reason Abstractly and Quantitatively: Mathematically proficient students 

understand that all right isosceles triangles possess the relationship stated in the theorem. They 
use the theorem versus performing a computation each time.
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Finding Sine and Cosine in Special Right Triangles

 Finding the Sine and Cosine of 45°

Find the sine and cosine of a 45° angle.

SOLUTION

Begin by sketching a 45°-45°-90° triangle. Because all such triangles are similar, you 
can simplify your calculations by choosing 1 as the length of each leg. Using the 
45°-45°-90° Triangle Theorem (Theorem 9.4), the length of the hypotenuse is  √

—
 2  .

45°
1

1
2

 sin 45° =   opp. — 
hyp.

    cos 45° =   adj. — 
hyp.

   

 =   
1
 — 

 √
—

 2  
   =   

1
 — 

 √
—

 2  
  

 =    √
—

 2   — 
2

   =    √
—

 2   — 
2

  

≈ 0.7071 ≈ 0.7071

 Finding the Sine and Cosine of 30°

Find the sine and cosine of a 30° angle.

SOLUTION

Begin by sketching a 30°-60°-90° triangle. Because all such triangles are similar, you 
can simplify your calculations by choosing 1 as the length of the shorter leg. Using the 
30°-60°-90° Triangle Theorem (Theorem 9.5), the length of the longer leg is  √

—
 3   and 

the length of the hypotenuse is 2.

30°

1
2

3

 sin 30° =   opp. — 
hyp.

    cos 30° =   adj. — 
hyp.

   

 =   1 — 
2

    =    √
—

 3   — 
2

  

 = 0.5000 ≈ 0.8660

Monitoring ProgressMonitoring Progress Help in English and Spanish at BigIdeasMath.com

 4. Find the sine and cosine of a 60° angle. 

STUDY TIP
Notice that 

 sin 45° = cos(90 − 45)°
= cos 45°.
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MONITORING PROGRESS 
ANSWER

4. sin 60° =    √
—

 3   — 
2

   ≈ 0.8660,

cos 60° =   1 — 
2

   = 0.5000

Extra Example 4

Which ratios are equal to    √
—

 2   — 
2

  ? Select all 
that apply. 
• sin A
• cos A
• tan A
• sin B
• cos B
• tan B

sin A, cos A, sin B, cos B

Extra Example 5 

Which ratios are equal to    √
—

 3   — 
2

  ? Select all 
that apply. 
• sin M
• sin P
• cos M
• cos P

1

N

M

P

60° 2

   3

sin M, cos P

B

CA

9 45°

Teacher ActionsTeacher ActionsLaurie’s Notes
• Have students work in groups of two to four students.
• Say, “You have learned about special right triangles in an earlier lesson. Today, you have learned 

about the sine and cosine ratios. Work with your partners to find the exact and approximate 
values of the sine and cosine of 30°, 45°, and 60°.”

• Let students work with one another as you circulate. Do not rush in to rescue! Trust that students 
have the necessary knowledge to answer the question. Solicit answers and summarize in a table. 
Look for patterns (i.e., sin θ is an increasing function).
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 Section 9.2  Special Right Triangles 473

 Finding Side Lengths in a 30°- 60°- 90° Triangle

Find the values of x and y. Write your answer 
in simplest form.

SOLUTION

Step 1 Find the value of x.

 longer leg = shorter leg ⋅  √—
 3   30°- 60°- 90° Triangle Theorem

9 = x ⋅  √—
 3   Substitute.

9
 — 

 √
—

 3  
   = x Divide each side by  √

—
 3  .

9
 — 

 √
—

 3  
   ⋅    √

—
 3  
 — 

 √
—

 3  
   = x Multiply by    √

—
 3   — 

 √
—

 3  
  .

   9 √
—

 3   — 
3

   = x Multiply fractions.

 3 √
—

 3   = x Simplify.

  The value of x is 3 √
—

 3  .

Step 2 Find the value of y.

 hypotenuse = shorter leg ⋅ 2 30°- 60°- 90° Triangle Theorem

 y = 3 √
—

 3   ⋅ 2 Substitute.

 y = 6 √
—

 3   Simplify.

  The value of y is 6 √
—

 3  .

Monitoring ProgressMonitoring Progress Help in English and Spanish at BigIdeasMath.com

Find the value of the variable. Write your answer in simplest form. 

 1. 

x

x

2   2

 2. 

y

22

 3. 

x

3
30°

60°
 4. 

h
44

22

REMEMBER
Because the angle opposite 
9 is larger than the angle 
opposite x, the leg with 
length 9 is longer than 
the leg with length x by 
the Triangle Larger Angle 
Theorem (Theorem 6.10).

TheoremTheorem
Theorem 9.5 30°- 60°- 90° Triangle Theorem
In a 30°- 60°- 90° triangle, the hypotenuse is 
twice as long as the shorter leg, and the longer 
leg is  √

—
 3   times as long as the shorter leg.

Proof Ex. 21, p. 476
hypotenuse = shorter leg ⋅ 2
longer leg = shorter leg ⋅  √—

 3  

2x
x

x   3
30°

60°

9

x
y

30°

60°
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MONITORING PROGRESS 
ANSWERS

1. x = 2
2. y = 2
3. x = 3
4. h = 2 √

—
 3  

Differentiated Instruction

Inclusion
Work with advanced students to 
develop the formula for the area A of a 
30°-60°-90° triangle with hypotenuse 
of length s. Check to see whether they 

wrote  A =    s
2 √

—
 3   — 

8
  .

Extra Example 2
Find the values of x and y. Write your 
answer in simplest form.

x

y

60°
30

x = 15 √
—

 3  , y = 15

Teacher ActionsTeacher ActionsLaurie’s Notes
• State the theorem and connect to Exploration 2 done by students. Stress that there are two 

relationships stated in this theorem.
• Discuss with students that the shorter leg is also referred to as the side opposite 30° and the 

longer leg is the side opposite 60°.
 “How do you simplify an expression that has a radical in the denominator?” Multiply by a factor 
of 1 — the radical divided by itself.

• Think-Pair-Share: Have students answer Questions 1–4, and then share and discuss
as a class.
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Finding Sine and Cosine in Special Right Triangles

 Finding the Sine and Cosine of 45°

Find the sine and cosine of a 45° angle.

SOLUTION

Begin by sketching a 45°-45°-90° triangle. Because all such triangles are similar, you 
can simplify your calculations by choosing 1 as the length of each leg. Using the 
45°-45°-90° Triangle Theorem (Theorem 9.4), the length of the hypotenuse is  √

—
 2  .

45°
1

1
2

 sin 45° =   opp. — 
hyp.

    cos 45° =   adj. — 
hyp.

   

 =   
1
 — 

 √
—

 2  
   =   

1
 — 

 √
—

 2  
  

 =    √
—

 2   — 
2

   =    √
—

 2   — 
2

  

≈ 0.7071 ≈ 0.7071

 Finding the Sine and Cosine of 30°

Find the sine and cosine of a 30° angle.

SOLUTION

Begin by sketching a 30°-60°-90° triangle. Because all such triangles are similar, you 
can simplify your calculations by choosing 1 as the length of the shorter leg. Using the 
30°-60°-90° Triangle Theorem (Theorem 9.5), the length of the longer leg is  √

—
 3   and 

the length of the hypotenuse is 2.

30°

1
2

3

 sin 30° =   opp. — 
hyp.

    cos 30° =   adj. — 
hyp.

   

 =   1 — 
2

    =    √
—

 3   — 
2

  

 = 0.5000 ≈ 0.8660

Monitoring ProgressMonitoring Progress Help in English and Spanish at BigIdeasMath.com

 4. Find the sine and cosine of a 60° angle. 

STUDY TIP
Notice that 

 sin 45° = cos(90 − 45)°
= cos 45°.
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MONITORING PROGRESS 
ANSWER

4. sin 60° =    √
—

 3   — 
2

   ≈ 0.8660,

cos 60° =   1 — 
2

   = 0.5000

Extra Example 4

Which ratios are equal to    √
—

 2   — 
2
  ? Select all 

that apply. 
• sin A
• cos A
• tan A
• sin B
• cos B
• tan B

sin A, cos A, sin B, cos B

Extra Example 5 

Which ratios are equal to    √
—

 3   — 
2
  ? Select all 

that apply. 
• sin M
• sin P
• cos M
• cos P

1

N

M

P

60° 2

   3

sin M, cos P

B

CA

9 45°

Teacher ActionsTeacher ActionsLaurie’s Notes
• Have students work in groups of two to four students.
• Say, “You have learned about special right triangles in an earlier lesson. Today, you have learned 

about the sine and cosine ratios. Work with your partners to find the exact and approximate 
values of the sine and cosine of 30°, 45°, and 60°.”

• Let students work with one another as you circulate. Do not rush in to rescue! Trust that students 
have the necessary knowledge to answer the question. Solicit answers and summarize in a table. 
Look for patterns (i.e., sin θ is an increasing function).

hscc_geo_te_0905.indd   496hscc_geo_te_0905.indd   496 2/12/15   3:54 PM2/12/15   3:54 PM

Dynamic Teaching Tools
Dynamic Assessment & Progress Monitoring Tool

Dynamic Classroom with Dynamic Investigations

Interactive Whiteboard Lesson Library

Dynamic Teaching Tools
Dynamic Assessment & Progress Monitoring Tool

Dynamic Classroom with Dynamic Investigations

Interactive Whiteboard Lesson Library

492 Chapter 9

492 Chapter 9  Right Triangles and Trigonometry

 18. USING STRUCTURE Find the tangent of the larger 
acute angle in a right triangle with side lengths 3, 4, 
and 5.

 19. REASONING How does the tangent of an acute 
angle in a right triangle change as the angle measure 
increases? Justify your answer.

 20. CRITICAL THINKING For what angle measure(s) is the 
tangent of an acute angle in a right triangle equal to 1? 
greater than 1? less than 1? Justify your answer.

 21. MAKING AN ARGUMENT Your family room has a 
sliding-glass door. You want to buy an awning for the 
door that will be just long enough to keep the Sun out 
when it is at its highest point in the sky. The angle of 
elevation of the rays of the Sun at this point is 70°, 
and the height of the door is 8 feet. Your sister claims 
you can determine how far the overhang should 
extend by multiplying 8 by tan 70°. Is your sister 
correct? Explain.

8 ft

Sun’s ray

70°

tttt

770°

 22. HOW DO YOU SEE IT? Write expressions for the 
tangent of each acute angle in the right triangle. 
Explain how the tangent of one acute angle is related 
to the tangent of the other acute angle. What kind of 
angle pair is A and B?

b AC

B
ca

 23. REASONING Explain why it is not possible to fi nd the 
tangent of a right angle or an obtuse angle.

24. THOUGHT PROVOKING To create the diagram 
below, you begin with an isosceles right triangle with 
legs 1 unit long. Then the hypotenuse of the fi rst 
triangle becomes the leg of a second triangle, whose 
remaining leg is 1 unit long. Continue the diagram 
until you have constructed an angle whose tangent 

is   
1
 — 

 √
—

 6  
  . Approximate the measure of this angle.

1
1

1

25. PROBLEM SOLVING Your class is having a class 
picture taken on the lawn. The photographer is 
positioned 14 feet away from the center of the class. 
The photographer turns 50° to look at either end of 
the class.

50°50°
10°

14 ft

10°

a. What is the distance between the ends of the class?

b. The photographer turns another 10° either way to 
see the end of the camera range. If each student 
needs 2 feet of space, about how many more 
students can fi t at the end of each row? Explain.

26. PROBLEM SOLVING Find the perimeter of the fi gure, 
where AC = 26, AD = BF, and D is the midpoint 
of  —  AC  .

50°

35°

A B

H

F

G

C

DE

Maintaining Mathematical ProficiencyMaintaining Mathematical Proficiency
Find the value of x. (Section 9.2)

 27. x
30°

3

 28. 7

x
60°

 29. 
5

x
45°

Reviewing what you learned in previous grades and lessons
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ANSWERS
18. 4

 — 3   ≈ 1.3333
 19. it increases; The opposite side gets 

longer.
 20–25. See Additional Answers.
26. about 128.0 units
27. x = 2 √

—
 3   ≈ 3.5

28. x =   7 √
—

 3   — 
3
   ≈ 4.0

 29. x = 5 √
—

 2   ≈ 7.1

Mini-Assessment

1. You are measuring the height of 
a tree. You stand 50 feet from 
the base of the tree. The angle of 
elevation to the top of the tree is 
47°. Find the height of the tree to 
the nearest foot. about 54 feet

2. Find tan D and tan E. Write each 
answer as a fraction and as a 
decimal rounded to four places.

D
4   34

E

F

20 12

 tan D =   3 — 5   = 0.6000, 

 tan E =   5 — 3   ≈ 1.6667

3.  Find the value of x. Round your 
answer to the nearest tenth.

x

27

38°

 x ≈ 34.6

If students need help... If students got it...

Resources by Chapter
• Practice A and Practice B
• Puzzle Time

Resources by Chapter
• Enrichment and Extension
• Cumulative Review

Student Journal 
• Practice Start the next Section

Differentiating the Lesson
Skills Review Handbook
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The Sine and Cosine Ratios9.5

Essential QuestionEssential Question How is a right triangle used to fi nd the sine and 
cosine of an acute angle? Is there a unique right triangle that must be used?

Let △ABC be a right triangle with acute A. The 
sine of A and cosine of A (written as sin A and 
cos A, respectively) are defi ned as follows.

sin A =   length of leg opposite A  ———  
length of hypotenuse

   =   BC — 
AB

  

cos A =   length of leg adjacent to A   ———  
length of hypotenuse

   =   AC — 
AB

  

 Calculating Sine and Cosine Ratios

Work with a partner. Use dynamic geometry software.

a.  Construct △ABC, as shown. Construct segments perpendicular to  — AC   to form right 
triangles that share vertex A and are similar to △ABC with vertices, as shown.

0

3

2

1

4

5

6

0 4321 5 6 7 8A
DEFGHIJ C

B

K

L

M

N

O

P

Q

  

Sample
Points
A(0, 0)
B(8, 6)
C(8, 0)
Angle
m BAC = 36.87°

b. Calculate each given ratio to complete the table for the decimal values of sin A and 
cos A for each right triangle. What can you conclude?

Sine 
ratio   BC — 

AB
    KD — 

AK
    LE — 

AL
    MF — 

AM
    NG — 

AN
    OH — 

AO
    PI — 

AP
    QJ — 

AQ
  

sin A

Cosine 
ratio   AC — 

AB
    AD — 

AK
    AE — 

AL
    AF — 

AM
    AG — 

AN
    AH — 

AO
    AI — 

AP
    AJ — 

AQ
  

cos A

Communicate Your AnswerCommunicate Your Answer
 2. How is a right triangle used to fi nd the sine and cosine of an acute angle? Is there 

a unique right triangle that must be used?

 3. In Exploration 1, what is the relationship between A and B in terms of their 
measures? Find sin B and cos B. How are these two values related to sin A and 
cos A? Explain why these relationships exist.

LOOKING 
FOR STRUCTURE

To be profi cient in math, 
you need to look closely 
to discern a pattern 
or structure.

adjacent

op
po

si
te

hyp
otenuse

C

B

A
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ANSWERS
1. a. Check students’ work. 

 b. sin A: 0.6, 0.6, 0.6, 0.6, 0.6, 0.6, 
0.6, 0.6; cos A: 0.8, 0.8, 0.8, 0.8, 
0.8, 0.8, 0.8, 0.8; In all of the 
similar right triangles for which 
m A = 36.87°, sin A = 0.6 and 
cos A = 0.8.

2. You use a right triangle to fi nd the 
sine of an acute angle by calculating 
the ratio of the length of the opposite 
leg to the length of the hypotenuse. 
You use a right triangle to fi nd 
the cosine of an acute angle by 
calculating the ratio of the the length 
of the adjacent leg to the length of the 
hypotenuse; no

3. A and B are complementary; 
sin B = 0.8, cos B = 0.6; 
sin A = cos B, cos A = sin B; The leg 
that is opposite A is the same leg 
that is adjacent to B and vice versa, 
but the length of the hypotenuse 
stays the same. So, the sine of one 
angle is equal to the cosine of its 
complementary angle.
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The Sine and Cosine Ratios9.5

Essential QuestionEssential Question How is a right triangle used to fi nd the sine and 
cosine of an acute angle? Is there a unique right triangle that must be used?

Let △ABC be a right triangle with acute A. The 
sine of A and cosine of A (written as sin A and 
cos A, respectively) are defi ned as follows.

sin A =   length of leg opposite A  ———  
length of hypotenuse

   =   BC — 
AB

  

cos A =   length of leg adjacent to A   ———  
length of hypotenuse

   =   AC — 
AB

  

 Calculating Sine and Cosine Ratios

Work with a partner. Use dynamic geometry software.

a.  Construct △ABC, as shown. Construct segments perpendicular to  — AC   to form right 
triangles that share vertex A and are similar to △ABC with vertices, as shown.

0

3

2

1

4

5

6

0 4321 5 6 7 8A
DEFGHIJ C

B

K

L

M

N

O

P

Q

  

Sample
Points
A(0, 0)
B(8, 6)
C(8, 0)
Angle
m BAC = 36.87°

b. Calculate each given ratio to complete the table for the decimal values of sin A and 
cos A for each right triangle. What can you conclude?

Sine 
ratio   BC — 

AB
    KD — 

AK
    LE — 

AL
    MF — 

AM
    NG — 

AN
    OH — 

AO
    PI — 

AP
    QJ — 

AQ
  

sin A

Cosine 
ratio   AC — 

AB
    AD — 

AK
    AE — 

AL
    AF — 

AM
    AG — 

AN
    AH — 

AO
    AI — 

AP
    AJ — 

AQ
  

cos A

Communicate Your AnswerCommunicate Your Answer
 2. How is a right triangle used to fi nd the sine and cosine of an acute angle? Is there 

a unique right triangle that must be used?

 3. In Exploration 1, what is the relationship between A and B in terms of their 
measures? Find sin B and cos B. How are these two values related to sin A and 
cos A? Explain why these relationships exist.

LOOKING 
FOR STRUCTURE

To be profi cient in math, 
you need to look closely 
to discern a pattern 
or structure.

adjacent
o

p
p

o
si

te

hyp
ote

nuse

C

B

A
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ANSWERS
1. a. Check students’ work. 

 b. sin A: 0.6, 0.6, 0.6, 0.6, 0.6, 0.6, 
0.6, 0.6; cos A: 0.8, 0.8, 0.8, 0.8, 
0.8, 0.8, 0.8, 0.8; In all of the 
similar right triangles for which 
m A = 36.87°, sin A = 0.6 and 
cos A = 0.8.

2. You use a right triangle to fi nd the 
sine of an acute angle by calculating 
the ratio of the length of the opposite 
leg to the length of the hypotenuse. 
You use a right triangle to fi nd 
the cosine of an acute angle by 
calculating the ratio of the the length 
of the adjacent leg to the length of the 
hypotenuse; no

3. A and B are complementary; 
sin B = 0.8, cos B = 0.6; 
sin A = cos B, cos A = sin B; The leg 
that is opposite A is the same leg 
that is adjacent to B and vice versa, 
but the length of the hypotenuse 
stays the same. So, the sine of one 
angle is equal to the cosine of its 
complementary angle.
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488 Chapter 9  Right Triangles and Trigonometry

9.4 Lesson What You Will LearnWhat You Will Learn
 Use the tangent ratio.

 Solve real-life problems involving the tangent ratio.

Using the Tangent Ratio
A trigonometric ratio is a ratio of the lengths of two sides in 
a right triangle. All right triangles with a given acute angle are 
similar by the AA Similarity Theorem (Theorem 8.3). So, 

△JKL ∼ △XYZ, and you can write   KL — 
YZ

   =   JL — 
XZ

  . This can be

rewritten as   KL — 
JL

   =   YZ — 
XZ

  , which is a trigonometric ratio. So, 

trigonometric ratios are constant for a given angle measure.

The tangent ratio is a trigonometric ratio for acute angles 
that involves the lengths of the legs of a right triangle.

In the right triangle above, A and B are complementary. So, B is acute. You can 
use the same diagram to fi nd the tangent of B. Notice that the leg adjacent to A is 
the leg opposite B and the leg opposite A is the leg adjacent to B.

 Finding Tangent Ratios

Find tan S and tan R. Write each answer as a 
fraction and as a decimal rounded to four places.

SOLUTION

 tan S =   opp. S — 
adj. to S

   =   RT — 
ST

   =   80 — 
18

   =   40 — 
9

   ≈ 4.4444

 tan R =   opp. R — 
adj. to R

   =   ST — 
RT

   =   18 — 
80

   =   9 — 
40

   = 0.2250

Monitoring ProgressMonitoring Progress Help in English and Spanish at BigIdeasMath.com

Find tan J and tan K. Write each answer as a fraction and as a decimal rounded 
to four places.

 1. K

J L

40

32

24

 2. 

K

JL 15

8 17

 

ATTENDING TO 
PRECISION

Unless told otherwise, you 
should round the values 
of trigonometric ratios 
to four decimal places 
and round lengths to the 
nearest tenth.

trigonometric ratio, p. 488
tangent, p. 488
angle of elevation, p. 490

Core VocabularyCore Vocabullarry

Core Core ConceptConcept
Tangent Ratio
Let △ABC be a right triangle with acute A.

The tangent of A (written as tan A) is defi ned 
as follows.

tan A =   length of leg opposite A   ———   
length of leg adjacent to A

   =   BC — 
AC

  

READING
Remember the following 
abbreviations.

tangent  tan
opposite  opp.
adjacent  adj.

K

LJ
Y

XZ

AC

B
hypotenuse

leg adjacent
to ∠A

leg
opposite

∠A

RT

S

18

80

82
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MONITORING PROGRESS 
ANSWERS

1. 3
 — 4   = 0.7500,   4 — 3   ≈ 1.3333

 2.   8 — 15   ≈ 0.5333,   15
 — 8    = 1.8750

Extra Example 1
Find tan A and tan B. Write each answer 
as a fraction and as a decimal rounded to 
four places.

AC

B

36

15
39

tan A =   15
 — 36   =   5 — 12   ≈ 0.4167, 

tan B =   36
 — 15   =   12

 — 5   = 2.4000

English Language Learners

Class Activity
Draw the triangle on the board. Ask 
students to write and solve two 
different equations to find the value 
of x rounded to the nearest hundredth. 
Ask them if they see any advantages to 
using one method over the other. 

10

55°

35°
x

Sample answer: tan 35° =   10 — 
x
  , 

tan 55° =   x — 
10

  ; x ≈ 14.28; Explanations 
will vary. 

Teacher ActionsTeacher ActionsLaurie’s Notes
• Discuss the introduction to the tangent ratio. All 10°-80°-90° triangles are similar, so the ratio of 

the sides opposite and adjacent to the 10° angle will be constant.
• Introduce the abbreviations for opposite, adjacent, and hypotenuse.
• Common Misconception: While the hypotenuse is adjacent to each acute angle, it is only 

referred to as the hypotenuse.
• MP6 Attend to Precision: Reference the Attending to Precision note so that students will 

know how precise their measures need to be.
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9.5 Lesson What You Will LearnWhat You Will Learn
 Use the sine and cosine ratios.

 Find the sine and cosine of angle measures in special right triangles.

 Solve real-life problems involving sine and cosine ratios.

Using the Sine and Cosine Ratios
The sine and cosine ratios are trigonometric ratios for acute angles that involve the 
lengths of a leg and the hypotenuse of a right triangle.

 Finding Sine and Cosine Ratios

Find sin S, sin R, cos S, and cos R. Write 
each answer as a fraction and as a decimal 
rounded to four places.

SOLUTION

sin S =   opp. S — 
hyp.

   =   RT — 
SR

   =   63 — 
65

   ≈ 0.9692 sin R =   opp. R — 
hyp.

   =   ST — 
SR

   =   16 — 
65

   ≈ 0.2462

cos S =   adj. to S — 
hyp.

   =   ST — 
SR

   =   16 — 
65

   ≈ 0.2462 cos R =   adj. to R — 
hyp.

   =   RT — 
SR

   =   63 — 
65

   ≈ 0.9692

In Example 1, notice that sin S = cos R and sin R = cos S. This is true because the 
side opposite S is adjacent to R and the side opposite R is adjacent to S. 
The relationship between the sine and cosine of S and R is true for all 
complementary angles.

sine, p. 494
cosine, p. 494
angle of depression, p. 497

Core VocabularyCore Vocabullarry

Core Core ConceptConcept

Core Core ConceptConcept

Sine and Cosine Ratios
Let △ABC be a right triangle with acute A. 
The sine of A and cosine of A (written as 
sin A and cos A) are defi ned as follows.

sin A =   length of leg opposite A  ———  
length of hypotenuse

   =   BC — 
AB

  

cos A =   length of leg adjacent to A   ———  
length of hypotenuse

   =   AC — 
AB

  

READING
Remember the following 
abbreviations.

sine  sin
cosine  cos
hypotenuse  hyp.

Sine and Cosine of Complementary Angles
The sine of an acute angle is equal to the cosine of its complement. The cosine 
of an acute angle is equal to the sine of its complement.

Let A and B be complementary angles. Then the following statements are true.

sin A = cos(90° − A) = cos B sin B = cos(90° − B) = cos A

cos A = sin(90° − A) = sin B cos B = sin(90° − B) = sin A

AC

B
hypotenuse

leg adjacent
to ∠A

leg
opposite

∠A

R T

S

16

63

65
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Extra Example 1
Find sin A, sin B, cos A, and cos B. Write 
each answer as a fraction and as a decimal 
rounded to four places.

AC

B

36

15
39

sin A = cos B =   15
 — 39   =   5 — 13   ≈ 0.3846, 

sin B = cos A =   36
 — 39   =   12

 — 13   ≈ 0.9231

Differentiated Instruction

Auditory
The mnemonic device SOH-CAH-TOA is 
a helpful way for students to remember 
the trigonometric ratios. “Sine is 
Opposite over Hypotenuse” (SOH), 
“Cosine is Adjacent over Hypotenuse” 
(CAH), and “Tangent is Opposite over 
Adjacent” (TOA). Write SOC-CAH-TOA 
on the board, explain how to use it, 
and then have the class state the term 
represented by each letter.

Teacher ActionsTeacher ActionsLaurie’s Notes
• Write the Core Concept, being sure to note the abbreviations and the need to specify the angle.

 “What is the same about the sine and cosine ratios?” They have the same denominator, the 
length of the hypotenuse.

 “If the sine and cosine ratios compare the length of a leg to the length of the hypotenuse, 
then what do you know about the ratios for acute angles?” The ratios are less than 1.

• MP2 Reason Abstractly and Quantitatively and Turn and Talk: “If A and B are 
complementary angles, then why does sin A = cos B?” Listen for correct reasoning.

hscc_geo_te_0905.indd   494hscc_geo_te_0905.indd   494 2/12/15   3:54 PM2/12/15   3:54 PM



Find x and y using SINE and COSINE ratios. Show work  X = _____  Y = _____ 

      
Notice that   SIN (Angle) = COS (Complementary Angle) 

     
        

      =	 	 	 	 = 

	 	 	

      =    = 

   =    = 
	
	
SOLVING A REAL LIFE PROBLEM 

	
LAW OF SINES  (mostly used when more angles than sides lengths are provided)   
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 Rewriting Trigonometric Expressions

Write sin 56° in terms of cosine.

SOLUTION

Use the fact that the sine of an acute angle is equal to the cosine of its complement.

 sin 56° = cos(90° − 56°) = cos 34°

  The sine of 56° is the same as the cosine of 34°.

You can use the sine and cosine ratios to fi nd unknown measures in right triangles.

 Finding Leg Lengths

Find the values of x and y using sine and cosine. 
Round your answers to the nearest tenth.

SOLUTION

Step 1 Use a sine ratio to fi nd the value of x.

 sin 26° =   opp. — 
hyp.

   Write ratio for sine of 26°.

 sin 26° =   x — 
14

   Substitute.

 14 ⋅ sin 26° = x Multiply each side by 14.

 6.1 ≈ x Use a calculator.

 The value of x is about 6.1.

Step 2 Use a cosine ratio to fi nd the value of y.

 cos 26° =   adj. — 
hyp.

   Write ratio for cosine of 26°.

 cos 26° =   y — 
14

   Substitute.

 14 ⋅ cos 26° = y Multiply each side by 14.

 12.6 ≈ y Use a calculator.

 The value of y is about 12.6.

Monitoring ProgressMonitoring Progress Help in English and Spanish at BigIdeasMath.com

 1. Find sin D, sin F, cos D, and cos F. Write each 
answer as a fraction and as a decimal rounded 
to four places.

 2. Write cos 23° in terms of sine.

 3. Find the values of u and t using sine and cosine. 
Round your answers to the nearest tenth.   

26°
y

x
14

7

25

24

E

F

D

t

u
65° 8
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MONITORING PROGRESS 
ANSWERS

1. sin D =   7 — 25   = 0.2800,

sin F =   24
 — 25   = 0.9600,

cos D =   24
 — 25   = 0.9600,

cos F =   7 — 25   = 0.2800
 2. sin 67°
 3. u ≈ 3.4, t ≈ 7.3

Extra Example 2
Write cos 69° in terms of sine. 
sin 21°

Extra Example 3
Find the values of x and y using sine and 
cosine. Round your answers to the nearest 
tenth.

x

y
35°

53

x ≈ 30.4, y ≈ 43.4

English Language Learners

Words and Abbreviations
This lesson uses many abbreviations 
for trigonometric ratios and parts of 
triangles. Encourage English learners 
to make a table in their notebooks 
showing the full word and the 
abbreviation.

Word Abbreviation

sine sin

cosine cos

tangent tan

adjacent adj.

opposite opp.

hypotenuse hyp.

Teacher ActionsTeacher ActionsLaurie’s Notes
 ”In Example 3, what are the angle measures of the triangle?” 26°, 64°, and 90°
 “What trigonometric equation can you write to solve for x?” sin 26° =   x — 

14
   or cos 64° =   x — 

14
   

Ask a similar question in solving for y.
 Extension: After solving for x and y, ask, “How can you check to see whether your answers 
are reasonable?” Use the Pythagorean Theorem: x2 + y2 = 142. Accounting for rounding, the 
values for x and y should work in this equation.
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Finding Sine and Cosine in Special Right Triangles

 Finding the Sine and Cosine of 45°

Find the sine and cosine of a 45° angle.

SOLUTION

Begin by sketching a 45°-45°-90° triangle. Because all such triangles are similar, you 
can simplify your calculations by choosing 1 as the length of each leg. Using the 
45°-45°-90° Triangle Theorem (Theorem 9.4), the length of the hypotenuse is  √

—
 2  .

45°
1

1
2

 sin 45° =   opp. — 
hyp.

    cos 45° =   adj. — 
hyp.

   

 =   
1
 — 

 √
—

 2  
   =   

1
 — 

 √
—

 2  
  

 =    √
—

 2   — 
2

   =    √
—

 2   — 
2

  

≈ 0.7071 ≈ 0.7071

 Finding the Sine and Cosine of 30°

Find the sine and cosine of a 30° angle.

SOLUTION

Begin by sketching a 30°-60°-90° triangle. Because all such triangles are similar, you 
can simplify your calculations by choosing 1 as the length of the shorter leg. Using the 
30°-60°-90° Triangle Theorem (Theorem 9.5), the length of the longer leg is  √

—
 3   and 

the length of the hypotenuse is 2.

30°

1
2

3

 sin 30° =   opp. — 
hyp.

    cos 30° =   adj. — 
hyp.

   

 =   1 — 
2

    =    √
—

 3   — 
2

  

 = 0.5000 ≈ 0.8660

Monitoring ProgressMonitoring Progress Help in English and Spanish at BigIdeasMath.com

 4. Find the sine and cosine of a 60° angle. 

STUDY TIP
Notice that 

 sin 45° = cos(90 − 45)°
= cos 45°.
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MONITORING PROGRESS 
ANSWER

4. sin 60° =    √
—

 3   — 
2

   ≈ 0.8660,

cos 60° =   1 — 
2

   = 0.5000

Extra Example 4

Which ratios are equal to    √
—

 2   — 
2

  ? Select all 
that apply. 
• sin A
• cos A
• tan A
• sin B
• cos B
• tan B

sin A, cos A, sin B, cos B

Extra Example 5 

Which ratios are equal to    √
—

 3   — 
2

  ? Select all 
that apply. 
• sin M
• sin P
• cos M
• cos P

1

N

M

P

60° 2

   3

sin M, cos P

B

CA

9 45°

Teacher ActionsTeacher ActionsLaurie’s Notes
• Have students work in groups of two to four students.
• Say, “You have learned about special right triangles in an earlier lesson. Today, you have learned 

about the sine and cosine ratios. Work with your partners to find the exact and approximate 
values of the sine and cosine of 30°, 45°, and 60°.”

• Let students work with one another as you circulate. Do not rush in to rescue! Trust that students 
have the necessary knowledge to answer the question. Solicit answers and summarize in a table. 
Look for patterns (i.e., sin θ is an increasing function).
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Finding Sine and Cosine in Special Right Triangles

 Finding the Sine and Cosine of 45°

Find the sine and cosine of a 45° angle.

SOLUTION

Begin by sketching a 45°-45°-90° triangle. Because all such triangles are similar, you 
can simplify your calculations by choosing 1 as the length of each leg. Using the 
45°-45°-90° Triangle Theorem (Theorem 9.4), the length of the hypotenuse is  √

—
 2  .

45°
1

1
2

 sin 45° =   opp. — 
hyp.

    cos 45° =   adj. — 
hyp.

   

 =   
1
 — 

 √
—

 2  
   =   

1
 — 

 √
—

 2  
  

 =    √
—

 2   — 
2

   =    √
—

 2   — 
2

  

≈ 0.7071 ≈ 0.7071

 Finding the Sine and Cosine of 30°

Find the sine and cosine of a 30° angle.

SOLUTION

Begin by sketching a 30°-60°-90° triangle. Because all such triangles are similar, you 
can simplify your calculations by choosing 1 as the length of the shorter leg. Using the 
30°-60°-90° Triangle Theorem (Theorem 9.5), the length of the longer leg is  √

—
 3   and 

the length of the hypotenuse is 2.

30°

1
2

3

 sin 30° =   opp. — 
hyp.

    cos 30° =   adj. — 
hyp.

   

 =   1 — 
2

    =    √
—

 3   — 
2

  

 = 0.5000 ≈ 0.8660

Monitoring ProgressMonitoring Progress Help in English and Spanish at BigIdeasMath.com

 4. Find the sine and cosine of a 60° angle. 

STUDY TIP
Notice that 

 sin 45° = cos(90 − 45)°
= cos 45°.
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MONITORING PROGRESS 
ANSWER

4. sin 60° =    √
—

 3   — 
2
   ≈ 0.8660,

cos 60° =   1 — 
2
   = 0.5000

Extra Example 4

Which ratios are equal to    √
—

 2   — 
2
  ? Select all 

that apply. 
• sin A
• cos A
• tan A
• sin B
• cos B
• tan B

sin A, cos A, sin B, cos B

Extra Example 5 

Which ratios are equal to    √
—

 3   — 
2
  ? Select all 

that apply. 
• sin M
• sin P
• cos M
• cos P

1

N

M

P

60° 2

   3

sin M, cos P

B

CA

9 45°

Teacher ActionsTeacher ActionsLaurie’s Notes
• Have students work in groups of two to four students.
• Say, “You have learned about special right triangles in an earlier lesson. Today, you have learned 

about the sine and cosine ratios. Work with your partners to find the exact and approximate 
values of the sine and cosine of 30°, 45°, and 60°.”

• Let students work with one another as you circulate. Do not rush in to rescue! Trust that students 
have the necessary knowledge to answer the question. Solicit answers and summarize in a table. 
Look for patterns (i.e., sin θ is an increasing function).
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 Section 9.5 497

 Section 9.5  The Sine and Cosine Ratios 497

Solving Real-Life Problems
Recall from the previous lesson that the angle an upward line of sight makes with a 
horizontal line is called the angle of elevation. The angle that a downward line of sight 
makes with a horizontal line is called the angle of depression.

 Modeling with Mathematics

You are skiing on a mountain with an altitude of 1200 feet. The angle of depression is 
21°. Find the distance x you ski down the mountain to the nearest foot.

21°

x ft

1200 ft

Not drawn to scale

SOLUTION

1. Understand the Problem You are given the angle of depression and the altitude 
of the mountain. You need to fi nd the distance that you ski down the mountain.

2. Make a Plan Write a trigonometric ratio for the sine of the angle of depression 
involving the distance x. Then solve for x.

3. Solve the Problem

 sin 21° =   opp. — 
hyp.

   Write ratio for sine of 21°.

 sin 21° =   1200 — 
x
   Substitute.

 x ⋅ sin 21° = 1200 Multiply each side by x.

 x =   1200 — 
sin 21°

   Divide each side by sin 21°.

 x ≈ 3348.5 Use a calculator.

 You ski about 3349 feet down the mountain.

4. Look Back Check your answer. The value of sin 21° is about 0.3584. Substitute 
for x in the sine ratio and compare the values.

1200 — 
x
   ≈   1200 — 

3348.5
   

 ≈ 0.3584

This value is approximately the same as the value of sin 21°. ✓
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 5. WHAT IF? In Example 6, the angle of depression is 28°. Find the distance x you 
ski down the mountain to the nearest foot. 
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MONITORING PROGRESS 
ANSWER

5. about 2556 ft

Extra Example 6
You are skiing down a hill with an altitude 
of 800 feet. The angle of depression is 15°. 
Find the distance x you ski down the hill to 
the nearest foot. about 3091 feet

Teacher ActionsTeacher ActionsLaurie’s Notes
• In the last lesson on the tangent ratio, only the leg lengths were used. Discuss with students that 

now problems also involve the hypotenuse.
• Turn and Talk: Pose Example 6. “How can you find the distance the skier skis?”
• MP1 Make Sense of Problems and Persevere in Solving Them and MP4 Model with 

Mathematics: Drawing a sketch is helpful in making sense of the problem. Note that students 
could use sine or cosine to solve.

ClosureClosure
• Give Me Five: Select one or more of the prompts on page T-492 for students to reflect on.
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 Section 9.7  Law of Sines and Law of Cosines 509

 Using the Law of Sines (SSA Case)

Solve the triangle. Round decimal answers to the nearest tenth.

SOLUTION

Use the Law of Sines to fi nd m B.

   sin B — 
b

   =   sin A — 
a

   Law of Sines

   sin B — 
11

   =   sin 115° — 
20

   Substitute.

 sin B =   11 sin 115° — 
20

   Multiply each side by 11.

 m B ≈ 29.9° Use a calculator.

By the Triangle Sum Theorem (Theorem 5.1), m C ≈ 180° − 115° − 29.9° = 35.1°.

Use the Law of Sines again to fi nd the remaining side length c of the triangle.

   c — 
sin C

   =   a — 
sin A

   Law of Sines

   c — 
sin 35.1°

   =   20 — 
sin 115°

   Substitute.

 c =   20 sin 35.1° — 
sin 115°

   Multiply each side by sin 35.1°.

 c ≈ 12.7 Use a calculator.

 In △ABC, m B ≈ 29.9°, m C ≈ 35.1°, and c ≈ 12.7.
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Solve the triangle. Round decimal answers to the nearest tenth.

 6. C

B

A

1817
51°

 7. C

BA

1613

40°

 

Using the Law of Sines
The trigonometric ratios in the previous sections can only be used to solve right 
triangles. You will learn two laws that can be used to solve any triangle.

You can use the Law of Sines to solve triangles when two angles and the length of any 
side are known (AAS or ASA cases), or when the lengths of two sides and an angle 
opposite one of the two sides are known (SSA case).

TheoremTheorem
Theorem 9.9 Law of Sines
The Law of Sines can be written in either of the following 
forms for △ABC with sides of length a, b, and c.

  sin A — 
a

   =   sin B — 
b

   =   sin C — 
c
     a — 

sin A
   =   b — 

sin B
   =   c — 

sin C
  

Proof Ex. 51, p. 516

C

B

A

a

b

c

C

BA

20

c

11
115°
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MONITORING PROGRESS 
ANSWERS

6. m B ≈ 81.8°, m C ≈ 47.2°, 
b ≈ 22.9

 7. m B ≈ 31.5°, m C ≈ 108.5°, 
c ≈ 23.6

Extra Example 3
Solve the triangle. Round decimal answers 
to the nearest tenth. 

Q

P

R

p

36

18

70°

m R ≈ 28.0°, m P ≈ 82.0°, p ≈ 37.9

English Language Learners

Build on Past Knowledge
Remind students from their study 

of proportions that if    m — 
n

   =   p — 
q

  , then 

  n — 
m

   =   q — 
p

   is also true. Point out that 

the proportions in the Law of Sines 
equation can be written with either all 
the side lengths in the numerator or all 
the side lengths in the denominator.

Teacher ActionsTeacher ActionsLaurie’s Notes
• Discuss solving non-right triangles and state the Law of Sines, which students investigated in the 

explorations.
• MP3 and Turn and Talk: “If   sin A — 

a
   =   sin B — 

b
   =   sin C — 

c
  , then why is   a — 

sin A
   =   b — 

sin B
   =   c — 

sin C
   also 

true?” Answers will vary. Listen for correct reasoning.
 Pose Example 3. “What information is known?” measures of A, side a (side opposite A), 
and side b (side opposite B) “What part of the triangle can you solve for?” measure of B

• Continue to solve the example as shown. Note that A is used in solving for side c versus B, 
which has been approximated.
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510 Chapter 9

510 Chapter 9  Right Triangles and Trigonometry

 Using the Law of Sines (AAS Case)

Solve the triangle. Round decimal answers 
to the nearest tenth.

SOLUTION

By the Triangle Sum Theorem (Theorem 5.1), m A = 180° − 107° − 25° = 48°.

By the Law of Sines, you can write   a — 
sin 48°

   =   15 — 
sin 25°

   =   c — 
sin 107°

  .

   a — 
sin 48°

   =   15 — 
sin 25°

   Write two equations, each 
with one variable.

   c — 
sin 107°

   =   15 — 
sin 25°

  

 a =   15 sin 48° — 
sin 25°

   Solve for each variable. c =   15 sin 107° — 
sin 25°

  

 a ≈ 26.4 Use a calculator. c ≈ 33.9

 In △ABC, m A = 48°, a ≈ 26.4, and c ≈ 33.9.

 Using the Law of Sines (ASA Case)

A surveyor makes the measurements 
shown to determine the length of a 
bridge to be built across a small lake 
from the North Picnic Area to the 
South Picnic Area. Find the length 
of the bridge.

SOLUTION

In the diagram, c represents the distance from the North Picnic Area to the South 
Picnic Area, so c represents the length of the bridge.

By the Triangle Sum Theorem (Theorem 5.1), m B = 180° − 71° − 60° = 49°.

By the Law of Sines, you can write   a — 
sin 71°

   =   150 — 
sin 49°

   =   c — 
sin 60°

  .

   c — 
sin 60°

   =   150 — 
sin 49°

    Write an equation involving c.

 c =   150 sin 60° — 
sin 49°

   Multiply each side by sin 60°.

 c ≈ 172.1 Use a calculator.

 The length of the bridge will be about 172.1 meters.
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Solve the triangle. Round decimal answers to the nearest tenth.

 8. C

B A

9

85° 29°

 9. 

C

B

A 10
81°
70°

 10. WHAT IF? In Example 5, what would be the length of a bridge from the South 
Picnic Area to the East Picnic Area? 

C

BA

a

c

15 107°
25°

C

A

B

a

c

71°

60°

South
Picnic Area

East
Picnic
Area

North Picnic
Area

150 m
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MONITORING PROGRESS 
ANSWERS

8. m C = 66°, a ≈ 4.4, c ≈ 8.3
9. m A = 29°, b ≈ 19.4, c ≈ 20.4

10. about 187.9 m

Extra Example 4
Solve the triangle. Round decimal answers 
to the nearest tenth.

BA

C

38°
115° 25b

c

m B = 27°, b ≈ 18.4, c ≈ 36.8

Extra Example 5 
A surveyor makes the measurements 
shown to determine the length f of a 
walking bridge to be built across a pond 
in a city park. Find the length of the bridge  — DE    to the nearest tenth.

F

E

D
e

f
45 ft

65°

79°

about 75.2 feet

Teacher ActionsTeacher ActionsLaurie’s Notes
• Examples 4 and 5 use prior skills and knowledge that students have.
• Pose Example 4 and say, “Work independently to solve this triangle. Then you will have time to 

share your thinking with partners.”
• Partner Speaks: After students have had sufficient time, pair students. Only one person 

speaks. The listener asks for clarification or gives feedback. Ask the listener to describe to the 
whole class the solution method used by his or her partner.

• Pose Example 5. Roles will be reversed when it is time to share.
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