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1.4

Essential QuestionEssential Question How can you write general rules involving 

properties of exponents?

 Writing Rules for Properties of Exponents

Work with a partner.

a. What happens when you multiply two powers with the same base? Write the 

product of the two powers as a single power. Then write a general rule for fi nding 

the product of two powers with the same base.

 i. (22)(23) =  ii. (41)(45) = 

 iii. (53)(55) =  iv. (x2)(x6) = 

b. What happens when you divide two powers with the same base? Write the quotient 

of the two powers as a single power. Then write a general rule for fi nding the 

quotient of two powers with the same base.

 i. 43

 — 
42

   =  ii.   
25

 — 
22

   = 

 iii.   
x6

 — 
x3

   =  iv.   
34

 — 
34

   = 

c. What happens when you fi nd a power of a power? Write the expression as a single 

power. Then write a general rule for fi nding a power of a power.

 i. (22)4 =  ii. (73)2 = 

 iii. (y3)3 =  iv. (x4)2 = 

d. What happens when you fi nd a power of a product? Write the expression as the 

product of two powers. Then write a general rule for fi nding a power of a product.

 i. (2 ⋅ 5)2 =  ii. (5 ⋅ 4)3 = 

 iii. (6a)2 =  iv. (3x)2 = 

e. What happens when you fi nd a power of a quotient? Write the expression as the 

quotient of two powers. Then write a general rule for fi nding a power of a quotient.

 i. (   2 — 
3
   )  

2

  =  ii.   (   4 — 
3
   )  

3

  = 

 iii. (   x — 
2
   )  

3
  =  iv. (   a — 

b
   )  

4
  = 

Communicate Your AnswerCommunicate Your Answer
 2. How can you write general rules involving 

properties of exponents?

 3. There are 33 small cubes in the cube below. 

Write an expression for the number of small 

cubes in the large cube at the right.

WRITING
GENERAL RULES
To be profi cient in math,
you need to understand 
and use stated assumptions, 
defi nitions, and previously 
established results in 
writing general rules.

Properties of Exponents
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28 Chapter 1  Functions and Exponents

1.4 Lesson What You Will LearnWhat You Will Learn
 Use zero and negative exponents.

 Use the properties of exponents.

 Solve real-life problems involving exponents.

Using Zero and Negative Exponents

 Using Zero and Negative Exponents

Evaluate each expression.

a. 6.70 b. (−2)−4

SOLUTION

a. 6.70 = 1 Defi nition of zero exponent

b. (−2)−4 =   
1
 — 

(−2)4
   Defi nition of negative exponent

=   
1
 — 

16
   Simplify.

 Simplifying an Expression

Simplify the expression   
4x 0

 — 
y−3

  . Write your answer using only positive exponents.

SOLUTION

   
4x 0

 — 
y−3

   = 4x 0y3  Defi nition of negative exponent

 = 4y3  Defi nition of zero exponent

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

Evaluate the expression. 

 1. (−9)0  2. 3−3  3.    
−50

 — 
2−2

  

 4. Simplify the expression   
3−2x−5

 — 
y0

  . Write your answer using only positive exponents. 

Previous
power
exponent
base
scientifi c notation

Core VocabularyCore Vocabullarry

Core Core ConceptConcept
Zero Exponent
Words  For any nonzero number a, a0 = 1. The power 00 is undefi ned.

Numbers  40 = 1 Algebra  a0 = 1, where a ≠ 0 

Negative Exponents
Words  For any integer n and any nonzero number a, a−n is the reciprocal of an.

Numbers  4−2 =   
1
 — 

42
   Algebra  a−n =   

1
 — 

an  , where a ≠ 0 
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 Using Properties of Exponents

Simplify each expression. Write your answer using only positive exponents.

a. 32 ⋅ 36  b.   
(−4)2

 — 
(−4)7

    c. (z4 )−3 

SOLUTION

a. 32 ⋅ 36 = 32 + 6 Product of Powers Property

 = 38 = 6561 Simplify.

b.   
(−4)2

 — 
(−4)7

   = (−4)2 − 7 Quotient of Powers Property

 = (−4)−5 Simplify.

 =   
1
 — 

(−4)5
   = −  

1
 — 

1024
   Defi nition of negative exponent

c. (z4 )−3 = z4 ⋅ (−3) Power of a Power Property

= z−12 Simplify.

=   
1
 — 

z12
   Defi nition of negative exponent

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

Simplify the expression. Write your answer using only positive exponents.

 5. 104 ⋅ 10−6  6. x9 ⋅ x−9  7. −58

 — 
−54

   

8. y6

 — 
y7

    9. (6−2)−1  10. (w12)5 

Using the Properties of Exponents

Core Core ConceptConcept
Product of Powers Property
Let a be a real number, and let m and n be integers.

Words To multiply powers with the same base, add their exponents.

Numbers 46 ⋅ 43 = 46 + 3 = 49 Algebra am ⋅ an = am + n 

Quotient of Powers Property
Let a be a nonzero real number, and let m and n be integers.

Words  To divide powers with the same base, subtract their exponents.

Numbers    
46

 — 
43

   = 46 − 3 = 43 Algebra    
am

 — 
an   = am − n, where a ≠ 0 

Power of a Power Property
Let a be a real number, and let m and n be integers.

Words  To fi nd a power of a power, multiply the exponents.

Numbers  (46 )3 = 46 ⋅ 3 = 418 Algebra  (am )n = amn 

REMEMBER
The expression x3 is called 
a power. The base, x, is 
used as a factor 3 times 
because the exponent is 3.
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30 Chapter 1  Functions and Exponents

 Using Properties of Exponents

Simplify each expression. Write your answer using only positive exponents.

a. (−1.5y)2  b.   (   a
 — 

−10
   )  

3
  c.   (   3d

 — 
2
   )   

4

  d. (   2x
 — 

3
   )  

−5

 

SOLUTION

a. (−1.5y)2 = (−1.5)2 ⋅ y2 Power of a Product Property

= 2.25y2 Simplify.

b. (   a
 — 

−10
   )  

3
  =   

a3

 — 
(−10)3

   Power of a Quotient Property

= −  
a3

 — 
1000

   Simplify.

c. (   3d
 — 

2
    )  

4

  =   
(3d)4

 — 
24

   Power of a Quotient Property

=   
34d 4

 — 
24

   Power of a Product Property

=   
81d 4

 — 
16

   Simplify.

d. (   2x
 — 

3
   )  

−5

  =   
(2x)−5

 — 
3−5

   Power of a Quotient Property

=   
35

 — 
(2x)5

   Defi nition of negative exponent

=   
35

 — 
25x5

   Power of a Product Property

=   
243

 — 
32x5

   Simplify.
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Simplify the expression. Write your answer using only positive exponents.

 11. (10y)−3  12.   ( −  
4
 — 

n
   )  5  13. (   1

 — 
2k2

   )  
5

   14. (   6c — 
7
   )  

−2

  

ANOTHER WAY
Because the exponent is 
negative, you could fi nd 
the reciprocal of the base 
fi rst. Then simplify.

(   2x — 
3
   )  −5

  =   (   3 — 
2x

   )  5  =   243 — 
32x5  

Core Core ConceptConcept
Power of a Product Property
Let a and b be real numbers, and let m be an integer.

Words  To fi nd a power of a product, fi nd the power of each factor and multiply.

Numbers  (3 ⋅ 2)5 = 35 ⋅ 25 Algebra  (ab)m = ambm 

Power of a Quotient Property
Let a and b be real numbers with b ≠ 0, and let m be an integer.

Words  To fi nd the power of a quotient, fi nd the power of the numerator and the 

power of the denominator and divide.

Numbers   (   3 — 
2
   )  

5

  =   
35

 — 
25

   Algebra   (   a — 
b
   )  

m
  =   

am
 — 

bm  , where b ≠ 0 
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Solving Real-Life Problems

 Simplifying a Real-Life Expression

Which of the expressions shown represent the volume of the cylinder, where r is the 

radius and h is the height? 

SOLUTION

 V = πr2h Formula for the volume of a cylinder

 = π   (   h — 
2
   )  

2

 (h) Substitute   h — 
2
   for r.

 = π  (   h2

 — 
22

   ) (h) Power of a Quotient Property

 =   
πh3

 — 
4
   Simplify.

Any expression equivalent to   
πh3

 — 
4
   represents the volume of the cylinder. 

• You can use the properties of exponents to write πh32−2 as   
πh3

 — 
4
  . 

• Note h = 2r. When you substitute 2r for h in   
πh3

 — 
4
  , you can write   

π(2r)3

 — 
4
   as 2πr3.

• None of the other expressions are equivalent to   
πh3

 — 
4
  .

  The expressions 2πr3, πh32−2, and   
πh3

 — 
4
   represent the volume of the cylinder.

 Solving a Real-Life Problem

A jellyfi sh emits about 1.25 × 108 particles of light, or photons, in 

6.25 × 10− 4 second. How many photons does the jellyfi sh emit each second? 

Write your answer in scientifi c notation and in standard form.

SOLUTION

Divide to fi nd the unit rate.

  
1.25 × 108

 —— 
6.25 × 10− 4

    Write the rate.

 =   
1.25

 — 
6.25

   ×   
108

 — 
10 − 4

   Rewrite.

 = 0.2 × 1012 Simplify.

 = 2 × 1011  Write in scientifi c notation.

  The jellyfi sh emits 2 × 1011, or 200,000,000,000 photons per second.

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

 15. Write two expressions that represent the area of a base of the cylinder in 

Example 5.

 16. It takes the Sun about 2.3 × 108 years to orbit the center of the Milky Way. It 

takes Pluto about 2.5 × 102 years to orbit the Sun. How many times does Pluto 

orbit the Sun while the Sun completes one orbit around the center of the Milky 

Way? Write your answer in scientifi c notation.

REMEMBER
A number is written in 
scientifi c notation when 
it is of the form a × 10b, 
where 1  ≤  a  <  10 and 
b is an integer.

Volume = ?

  πh3

 — 
4
    πh3

 — 
2
    πh2

 — 
4
  

πh32−2 πh4−12πr3

h
2

h

co

photons

seconds
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32 Chapter 1  Functions and Exponents

Exercises1.4 Dynamic Solutions available at BigIdeasMath.com

Monitoring Progress and Modeling with MathematicsMonitoring Progress and Modeling with Mathematics

 1. VOCABULARY Which defi nitions or properties would you use to simplify the 

expression (48 • 4−4)−2? Explain.

 2. WRITING Explain when and how to use the Power of a Product Property.

 3. WRITING Explain when and how to use the Quotient of Powers Property. 

 4. DIFFERENT WORDS, SAME QUESTION Which is different? Find “both” answers.

Simplify 33 + 6.Simplify 33 ⋅ 36. Simplify 36 ⋅ 3. Simplify 36 ⋅ 33.

Vocabulary and Core Concept CheckVocabulary and Core Concept Check

In Exercises 5–12, evaluate the expression. 
(See Example 1.) 

 5. (−7)0 6. 40

 7. 5−4 8. (−2)−5

 9. 2−4

 — 
40

   10. 5−1

 — 
−90

  

 11. −3−3

 — 
6−2

   12.   
(−8)−2

 — 
3−4

  

In Exercises 13–22, simplify the expression. Write your 
answer using only positive exponents. (See Example 2.) 

 13. x−7  14. y0 

 15. 9x0y−3  16. 15c−8d 0

 17.   
2−2m−3

 — 
n0

   18.   
100r−11s — 

32
  

 19.   
4−3a0

 — 
b−7 

   20.   
p−8

 — 
7−2q−9

  

 21.   
22y−6

 — 
8−1z0x−7

    22.   
13x−5y0

 — 
5−3z−10

  

In Exercises 23–32, simplify the expression. Write your 
answer using only positive exponents. (See Example 3.) 

 23.   
56

 — 
52

   24.   
(−6)8

 — 
(−6)5

  

 25. (−9)2 ⋅ (−9)2 26. 4−5 ⋅ 45

 27. ( p6)4 28. (s−5)3

 29. 6−8 ⋅ 65 30. −7 ⋅ (−7)−4

 31.   
x5

 — 
x4

   ⋅ x 32.   
z8 ⋅ z2

 — 
z5

  

33. USING PROPERTIES 
A microscope magnifi es 

an object 105 times. The 

length of an object is 

10−7 meter. What is its 

magnifi ed length?

34. USING PROPERTIES The area of the rectangular 

computer chip is 112a3b2 square microns. What is 

the length?

width = 8ab microns

ERROR ANALYSIS In Exercises 35 and 36, describe and 
correct the error in simplifying the expression. 

35. 
24 ⋅ 25 = (2 ⋅ 2)4 + 5

= 49✗
36. 

   x 5 ⋅ x 3 — 
x 4

   =   x 8 — 
x 4

  

  = x 8/4

  = x 2

✗
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In Exercises 37–44, simplify the expression. Write your 
answer using only positive exponents. (See Example 4.) 

 37. (−5z)3 38. (4x)−4

 39.   (   6 — 
n
    )  

−2

  40.   (   −t — 
3
   )  

2

 

 41. (3s8)−5 42. (−5p3)3

 43.  ( −  w
3

 — 
6
   ) −2

 44.   (   1
 — 

2r 6
   )  

−6

 

 45. USING PROPERTIES 
Which of the expressions 

represent the volume

of the sphere? Explain. 
(See Example 5.)

○A   (   3s2

 — 
24πs8

   )  
−1

  ○B (25πs6)(3−1)

○C   
32πs6

 — 
3
   ○D (2s)5⋅   

πs
 — 

3
  

○E   (   3πs6

 — 
32

   )  
−1

  ○F   
32

 — 
3
  πs5

 46. MODELING WITH MATHEMATICS Diffusion is the 

movement of molecules from one location to 

another. The time t (in seconds) it takes 

molecules to diffuse a distance of 

  x centimeters is given by t =   
x2

 — 
2D

  ,  

  where D is the diffusion coeffi cient.  

The diffusion coeffi cient for a drop 

of ink in water is about 10−5 square 

centimeters per second. How 

long will it take the ink to diffuse 

1 micrometer (10−4 centimeter)?

In Exercises 47–50, simplify the expression. Write your 
answer using only positive exponents. 

 47.   (   2x−2y3

 — 
3xy−4

   )  
4

  48.   (   4s5t−7

 — 
−2s−2t 4

   )  
3

 

 49.   (   3m−5n2

 — 
4m−2n0

   )  
2

 ⋅   (   mn4

 — 
9n

   )  
2

  50.   (   3x3y0

 — 
x−2

   )  
4

 ⋅   (   y2x−4

 — 
5xy−8

   )  
3

 

In Exercises 51–54, evaluate the expression. Write your 
answer in scientifi c notation and standard form. 

 51. (3 × 102)(1.5 × 10−5)

 52. (6.1 × 10−3)(8 × 109)

 53.   
(6.4 × 107)

 — 
(1.6 × 105)

   54.   
(3.9 × 10−5)

 —— 
(7.8 × 10−8)

  

 55. PROBLEM SOLVING In 2012, on average, about 

9.46 × 10−1 pound of potatoes was produced for 

every 2.3 × 10−5 acre harvested. How many pounds 

of potatoes on average were produced for each acre 

harvested? Write your answer in scientifi c notation 

and in standard form. (See Example 6.)

 56. PROBLEM SOLVING The speed of light is 

approximately 3 × 105 kilometers per second. How 

long does it take sunlight to reach Jupiter? Write your 

answer in scientifi c notation and in standard form. 

Average Distance: 7.8 × 108 kilometers

 57. MATHEMATICAL CONNECTIONS Consider Cube A 

and Cube B.

2x

6x

A
B

 a. Which property of exponents should you use 

to simplify an expression for the volume of 

each cube?

 b. How can you use the Power of a Quotient Property 

to fi nd how many times greater the volume of 

Cube B is than the volume of Cube A?

 58. PROBLEM SOLVING A byte is a unit used to measure 

a computer’s memory. The table shows the numbers 

of bytes in several units of measure.

Unit kilobyte megabyte gigabyte terabyte

Number 
of bytes

210 220 230 240

 a. How many kilobytes are in 1 terabyte?

 b. How many megabytes are in 16 gigabytes?

 c. Another unit used to measure a computer’s 

memory is a bit. There are 8 bits in a byte. How 

can you convert the number of bytes in each unit 

of measure given in the table to bits? Can you still 

use a base of 2? Explain.

2s2
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34 Chapter 1  Functions and Exponents

REWRITING EXPRESSIONS In Exercises 59–62, rewrite 
the expression as a power of a product.

 59. 8a3b3 60. 16r2s2

 61. 64w18z12 62. 81x4y8

 63. USING STRUCTURE The probability of rolling a 6 on a 

number cube is   
1
 — 

6
  . The probability of rolling a 6 twice 

in a row is   (   1 — 
6
   )  2  =   

1
 — 

36
  .

 a. Write an expression 

that represents the 

probability of rolling a 6 

n times in a row.

 b. What is the probability

of rolling a 6 four times 

in a row?

 c. What is the probability of fl ipping heads on a coin 

fi ve times in a row? Explain.

 64. HOW DO YOU SEE IT? The shaded part of Figure n
represents the portion of a piece of paper visible 

after folding the paper in half n times.

Figure 1 Figure 2

Figure 3 Figure 4

 a. What fraction of the original piece of paper is each 

shaded part?

 b. Rewrite each fraction from part (a) in the form 2x.

 65. REASONING Find x and y when   
bx

 — 
by  

 = b9 and 

    
bx ⋅ b2

 — 
b3y

   = b13. Explain how you found your answer.

66. THOUGHT PROVOKING Write 

expressions for r and h so that 

the volume of the cone can 

be represented by the 

expression 27πx8. 

Find r and h.

67. MAKING AN ARGUMENT One of the smallest plant 

seeds comes from an orchid, and one of the largest 

plant seeds comes from a double coconut palm. A 

seed from an orchid has a mass of 10−6 gram. The 

mass of a seed from a double coconut palm is 1010 

times the mass of the seed from the orchid. Your 

friend says that the seed from the double coconut 

palm has a mass of about 1 kilogram. Is your friend 

correct? Explain.

 68. CRITICAL THINKING Your school is conducting a 

survey. Students can answer the questions in either 

part with “agree” or “disagree.”

Part 1: 13 questions

Part 2: 10 questions

1. I come prepared for class.

2. I enjoy my assignments.

Part 1: Classroom Agree Disagree

 a. What power of 2 represents the number of 

different ways that a student can answer all 

the questions in Part 1?

 b. What power of 2 represents the number of 

different ways that a student can answer all 

the questions on the entire survey?

 c. The survey changes, and students can now answer 

“agree,” “disagree,” or “no opinion.” How does 

this affect your answers in parts (a) and (b)?

 69. ABSTRACT REASONING Compare the values of an and 

a−n when n  <  0, when n = 0, and when n  >  0 for 

(a) a  >  1 and (b) 0  <  a  <  1. Explain your reasoning.

Maintaining Mathematical ProficiencyMaintaining Mathematical Proficiency
Find the square root(s). (Skills Review Handbook)

 70.  √
—

 25   71. − √
—

 100   72. ± √—

   
1
 — 

64
    

Classify the real number in as many ways as possible. (Skills Review Handbook)

 73. 12 74.   65
 — 

9
   75.   π — 

4
  

Reviewing what you learned in previous grades and lessons

r

h
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