
9.1:  THE PYTHAGOREAN THEOREM    Chapter 9 – Right Triangles and Trigonometry 
 
 
 
WARM UP 
 Find the area of the large square in terms of a, b and c by summing up the areas of the triangles and the 
small square. 
 
   Hint; Show that Area of Large Square = Area of Triangles + Area of Small Squares 
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 Find the value of x. 

1.         2.   
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The Pythagorean Theorem9.1

Essential QuestionEssential Question How can you prove the Pythagorean Theorem?

Proving the Pythagorean Theorem 
without Words

Work with a partner. 

a. Draw and cut out a right triangle with 
legs a and b , and hypotenuse c.

b. Make three copies of your right triangle. 
Arrange all four triangles to form a large 
square, as shown.

c. Find the area of the large square in terms of a, 
b , and c by summing the areas of the triangles 
and the small square.

d. Copy the large square. Divide it into two 
smaller squares and two equally-sized 
rectangles, as shown.

e. Find the area of the large square in terms of a 
and b  by summing the areas of the rectangles 
and the smaller squares.

f. Compare your answers to parts (c) and (e). 
Explain how this proves the Pythagorean 
Theorem.

 Proving the Pythagorean Theorem

Work with a partner.

a. Draw a right triangle with legs a and b , and hypotenuse c, as shown. Draw 
the altitude from C to  — AB  . Label the lengths, as shown.

ab

A BD

C

c

h

dc − d

b. Explain why △ABC, △ACD, and △CBD are similar.

c. Write a two-column proof using the similar triangles in part (b) to prove that 
a2 +  b 2 =  c2.

Communicate Your AnswerCommunicate Your Answer
 3. How can you prove the Pythagorean Theorem?

 4. Use the Internet or some other resource to fi nd a way to prove the Pythagorean 
Theorem that is different from Explorations 1 and 2.

REASONING 
ABSTRACTLY

To be profi cient in math, 
you need to know and 
fl exibly use different 
properties of operations 
and objects.

a

a

a

a

b

b

b

b
c

c
c

c

a

a

a

a

b

b

bb
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ANSWERS
1. a. Check students’ work.

 b. Check students’ work. 
 c. 1

 — 2  ab  +    1 — 2  ab  +    1 — 2  ab  +    1 — 2  ab  +  c2 =  

2ab  +  c2

  d. Check students’ work.
  e. ab  +  ab  +  a2 +  b 2 =  
   2ab  +  a2 +  b 2

  f. The equations from parts (c) and 
(e) both describe the area of the 
same square. So, they are equal, 
2ab  +  c2 =  2ab  +  a2 +  b 2, and 
by the Subtraction Property of 
Equality, c2 =  a2 +  b 2.

 2. a. Check students’ work.
  b. △CBD ∼ △ABC by the AA 

Similarity Theorem (Thm. 8.3) 
because both triangles have a 
right angle, and both triangles 
include rB. △ACD ∼ △ABC by 
the AA Similarity Theorem 
(Thm. 8.3) because both triangles 
have a right angle, and both 
triangles include rA.
△ACD ∼ △CBD by the 
AA Similarity Theorem 
(Thm. 8.3) because both triangles 
have a right angle, and both rB 
and rACD are complementary to 
rBCD, so rB ≅ rACD.

  c. See Additional Answers.
 3. You can create a physical model, a 

drawing, or a formal proof.

4. Sample answer: Arrange the same triangles 
from method 1 as shown at the right. The 
area of the large square is c2. The area of the 
small square is (b  − a)2 =  b 2 − 2ab  +  a2, 
or it can be written as the area of the large 
square minus the area of the triangles: 
c2 − 4  (   1 — 2  ab  )  =  c2 − 2ab . Set these two 
expressions equal to each other to get 
b 2 − 2ab  +  a2 =  c2 − 2ab , which becomes 
a2 +  b 2 =  c2, when 2ab  is added to 
each side. 

b − a

b − a

c

c

c

c
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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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9.1 Lesson What You Will LearnWhat You Will Learn
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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 
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Core VocabularyCore Vocabullarry
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hypotenuse is equal to the sum of the squares of 
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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
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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
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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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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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 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

 142 = 72 + x2 Substitute.

 196 = 49 + x2 Multiply.

 147 = x2 Subtract 49 from each side.

√
—

 147   = x Find the positive square root.

√
—

 49   •  √
—

 3   = x Product Property of Square Roots

7 √
—

 3   = x Simplify.

  The value of x is 7  √
—

 3  . Because 7  √
—

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

 Solving a Real-Life Problem

The skyscrapers shown are connected by 
a skywalk with support beams. Use the 
Pythagorean Theorem to approximate 
the length of each support beam.

SOLUTION

Each support beam forms the hypotenuse of a right triangle. The right triangles 
are congruent, so the support beams are the same length.

 x2 = (23.26)2 + (47.57)2 Pythagorean Theorem

 x =  √
——

  (23.26)2 + (47.57)2   Find the positive square root.

 x ≈ 52.95 Use a calculator to approximate.

  The length of each support beam is about 52.95 meters.

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

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

 1. 

6

4
x

 2. 

5

3x

 3. An anemometer is a device used to measure wind speed. 
The anemometer shown is attached to the top of a pole. 
Support wires are attached to the pole 5 feet above the 
ground. Each support wire is 6 feet long. How far from 
the base of the pole is each wire attached to the ground? 

14

7 x

47.57 m47.57 m47.57 m47.57 m

23.26 m

support
beams

x x

5 ft6 ft

d
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Extra Example 2
Find the value of x. Then tell whether the 
side lengths form a Pythagorean triple.

x

25

15

x = 20; Because the side lengths 15, 20,
and 25 are integers that satisfy the 
equation a2 + b2 = c2, they form a 
Pythagorean triple.

Extra Example 3
The flagpole shown is supported by two 
wires. Use the Pythagorean Theorem to 
approximate the length of each wire.

8.5 ft8.5 ft

15.1 ftxx

support
wires

The length of each wire is about 17.3 feet.

MONITORING PROGRESS 
ANSWERS

1. x = 2 √
—

 13   ≈ 7.2; no
2. x = 4; yes
3. about 3.32 ft

Differentiated Instruction

Inclusion
Have advanced students use the 
Pythagorean Theorem to develop a 
formula for the length of a diagonal 
of a cube with side length s.

diagonal length = s √
—

 3   

Teacher ActionsTeacher ActionsLaurie’s Notes
• Think-Pair-Share: Pose Example 2, and have students work independently to solve.
• MP5 Use Appropriate Tools Strategically: Calculators are useful tools for this chapter.
• MP6: In Example 3, students are asked to approximate the length of each support beam. While 

a calculator could give a decimal answer with many place values, students should understand 
why a rounded answer is sufficient for the context.

• Think-Pair-Share: Have students answer Questions 1–3, and then share and discuss as 
a class.
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√
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 147   = x Find the positive square root.

√
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form a Pythagorean triple.
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Monitoring ProgressMonitoring Progress Help in English and Spanish at BigIdeasMath.com

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

 1. 

6

4
x

 2. 

5

3x

 3. An anemometer is a device used to measure wind speed. 
The anemometer shown is attached to the top of a pole. 
Support wires are attached to the pole 5 feet above the 
ground. Each support wire is 6 feet long. How far from 
the base of the pole is each wire attached to the ground? 

14

7 x

47.57 m47.57 m47.57 m47.57 m

23.26 m

support
beams

x x

5 ft6 ft

d
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Extra Example 2
Find the value of x. Then tell whether the 
side lengths form a Pythagorean triple.
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25

15

x = 20; Because the side lengths 15, 20,
and 25 are integers that satisfy the 
equation a2 + b2 = c2, they form a 
Pythagorean triple.

Extra Example 3
The flagpole shown is supported by two 
wires. Use the Pythagorean Theorem to 
approximate the length of each wire.

8.5 ft8.5 ft

15.1 ftxx
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The length of each wire is about 17.3 feet.

MONITORING PROGRESS 
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—

 13   ≈ 7.2; no
2. x = 4; yes
3. about 3.32 ft
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of a cube with side length s.
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—

 3   

Teacher ActionsTeacher ActionsLaurie’s Notes
• Think-Pair-Share: Pose Example 2, and have students work independently to solve.
• MP5 Use Appropriate Tools Strategically: Calculators are useful tools for this chapter.
• MP6: In Example 3, students are asked to approximate the length of each support beam. While 

a calculator could give a decimal answer with many place values, students should understand 
why a rounded answer is sufficient for the context.
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 Verifying Right Triangles

Tell whether each triangle is a right triangle.

a. 
8

113

7
 b. 

36

4   95
15

SOLUTION

Let c represent the length of the longest side of the triangle. Check to see whether 
the side lengths satisfy the equation c2 =  a2 +  b2.

a.   (  √—
 113   )  

2
  =?  72 +  8 2

 113 =?  49 +  64

 113 =  113 ✓
 The triangle is a right triangle.

b.    ( 4 √
—

 95   )  
2
  =?  152 +  362

 42 ⋅   (  √—
 95   )  

2
  =?  152 +  362

 16 ⋅ 95 =?  225 +  1296

 1520 ≠  1521 ✗
 The triangle is not a right triangle.

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

Tell whether the triangle is a right triangle.

 4. 
9

3   34

15

 5. 

26

1422

USING TOOLS 
STRATEGICALLY

Use a calculator to 
determine that 
 √
—

 113   ≈  10.630 is the 
length of the longest 
side in part (a).

Using the Converse of the Pythagorean Theorem
The converse of the Pythagorean Theorem is also true. You can use it to determine 
whether a triangle with given side lengths is a right triangle.

TheoremTheorem
Theorem 9.2 Converse of the Pythagorean Theorem
If the square of the length of the longest side of a 
triangle is equal to the sum of the squares of the 
lengths of the other two sides, then the triangle is 
a right triangle.

If c2 =  a2 +  b2, then △ ABC is a right triangle.

Proof Ex. 39, p. 470

a

B

AC b

c
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MONITORING PROGRESS 
ANSWERS

4. yes
5. no

Extra Example 4
Tell whether each triangle is a right 
triangle.
a. 

12

8 4   5

 yes
b. 

14

9 2   30

 no

Teacher ActionsTeacher ActionsLaurie’s Notes
 “Is the converse of every true statement also true?” no 
 “What is the converse of the Pythagorean Theorem?” If the sum of the squares of the lengths of 
the two shorter sides of a triangle equals the square of the length of the longest side, then the 
triangle is a right triangle. Say,“The converse is true.”

• Think-Alouds: In Example 4, have partner A Think-Aloud as he or she decides whether the 
triangle in part (a) is a right triangle. “If the triangle is a right triangle, then ….” Partners now 
reverse roles as partner B decides whether the triangle in part (b) is a right triangle.
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 Classifying Triangles

Verify that segments with lengths of 4.3 feet, 5.2 feet, and 6.1 feet form a triangle. 
Is the triangle acute, right, or obtuse?

SOLUTION

Step 1 Use the Triangle Inequality Theorem (Theorem 6.11) to verify that the 
segments form a triangle.

 4.3 + 5.2  >
?

 6.1 4.3 + 6.1  >
?

 5.2 5.2 + 6.1  >
?

 4.3

 9.5  >  6.1 ✓  10.4  >  5.2 ✓ 11.3  >  4.3 ✓
  The segments with lengths of 4.3 feet, 5.2 feet, and 6.1 feet form 

a triangle.

Step 2 Classify the triangle by comparing the square of the length of the longest side 
with the sum of the squares of the lengths of the other two sides.

 c2  a2 + b2 Compare c2  with a2  + b2 .

 6.12  4.32 + 5.22 Substitute.

 37.21  18.49 + 27.04 Simplify.

37.21  <  45.53  c 2  is less than a2  + b2 .

  The segments with lengths of 4.3 feet, 5.2 feet, and 6.1 feet form an 
acute triangle.

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

 6. Verify that segments with lengths of 3, 4, and 6 form a triangle. Is the triangle 
acute, right, or obtuse?

 7. Verify that segments with lengths of 2.1, 2.8, and 3.5 form a triangle. Is the 
triangle acute, right, or obtuse? 

REMEMBER
The Triangle Inequality 
Theorem (Theorem 6.11) 
on page 339 states that the 
sum of the lengths of any 
two sides of a triangle is 
greater than the length 
of the third side.

Classifying Triangles
The Converse of the Pythagorean Theorem is used to determine whether a triangle is a 
right triangle. You can use the theorem below to determine whether a triangle is acute 
or obtuse.

TheoremTheorem
Theorem 9.3 Pythagorean Inequalities Theorem
For any △ABC, where c is the length of the longest side, the following statements 
are true.

If c2  <  a2 + b2, then △ABC is acute. If c2  >  a2 + b2, then △ABC is obtuse.
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c2 > a2 + b2c2 < a2 + b2

hs_geo_pe_0901.indd   467 1/19/15   1:26 PM

MONITORING PROGRESS 
ANSWERS

6. yes; obtuse
7. yes; right

Extra Example 5
Verify that segments with lengths of 
14 meters, 15 meters, and 11 meters form 
a triangle. Is the triangle acute, right, 
or obtuse?
The segments form a triangle, because 
14 + 15 > 11, 15 + 11 > 14, and 
14 + 11 > 15. Because 152 < 142 + 112, 
the triangle is acute.

Teacher ActionsTeacher ActionsLaurie’s Notes
• MP5: Use dynamic geometry software to demonstrate the relationships stated in the 

Pythagorean Inequalities Theorem.
• In working independently on Example 5, students must reason about how to write the initial 

statement (equality or inequality). The sum of the squares of the lengths of the two shorter sides 
is compared to the square of the length of the longest side.

ClosureClosure
• Exit Ticket: Classify the triangles as acute, right, or obtuse. (a) sides 7, 9, and 11; (b) sides 6, 

8, and 10 (a) acute triangle; (b) right triangle
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