Rational Numbers and Exponents
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Negative Exponents
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See pages 75-76 for:
= Getting Started
« Real-World Link

- Notes ]
N

7/ Real-World Link ha
7y Essential i"““‘-‘ﬂakes Hir\ffle Ifuu everhealrd
2| Question that no two snowflakes are exactly

Why is it useful to
write numbers in
different ways?

{tss Common Core

“*>” Gtate Standards
Content Standards
8.EE.1

Mathematical
Practices
1,3,4,6

ISG) Int ti L

What You'll Learn ﬁ‘

« Write expressions using negative
exponents.

« Evaluate numerical expressions
containing negative exponents.

alike? This is because they are
made up of water molecules,
which grow at varying patterns
and rates depending on humidity,
air currents, and time in the air.
Negative exponents are useful for
describing small measures, like
the diameter of snowflakes.

For a # 0 and any whole numbern, a7 = .

Foras0,q%=1. -
W=1x#0
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A negative exponent is the result of repeated division. Extending the pattern below

shows that —— or —— can be defined as 10~2,
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& Watch Out!

Remember 23 equals 3'3
not —8.

S —

/1

Division by Zero
Since division by zero is
undefined, assume that
no denominator equals
zero. So, in Example 1b,
m % 0.

@

' Example 1

Write each expression using a positive exponent.

b. m=*
Lj Definition of negative

exponent

- Definition of negative a? j"___ /. 2 -;).;]_'* 3

exponent

Llédo'fwﬁ'“‘:?' Do these problems to find out.

! )
1la. 37° —% 1. y3 L 1c. 2°
SJ y 3 C‘) /1 _{ -_:JI_ ‘r-!"'
4 / a g
3
= Tutor / 3 J‘ 7£
LExample 2 n (5)-";3 @
Write each fraction as an expression using a negative exponent other than —1.
1 1
d. F b. ﬁ
1 1 Nafin = "
é =42 Definition of negative 700 102 Definition of exponent
CXRORnCH| =102 Definition of negative
exponent ;26 z 5‘}‘
: 3
=
| Gof It? Do these problems to find out. ‘;7 ¥
1 -3 1 1
2a. E é 2b. E 2c. E
I -2 ! -3

3

3

Negative exponents are often used in science when dealing with very small numbers.

Usually the number is a power of 10.
»

Example 3

EI 791" ] Geckos have tiny hairs on the bottom of their feet that are about
0.000001 meter long. Write the decimal as a fraction and as a power of 10.

0.000001 = 000,000 ‘00;'000 Write the decimal as a fraction.
1 R i
e 000,000 =10°
108
= 10*5 Definition of negative exponent

1

Therefore, 0.000001 is 1,000,000

as a fraction and 1076 as a power of 10.

Q E:Gof H? Do these problems to find out.

3a. The slowest-moving fish is a sea horse. It swims at a maximum speed of
0.0001 mile per minute. Write the decimal as a fraction and as a power of ten.

3b. The smallest species of ant has a mass of 0.00001 gram. Write the decimal as
a fraction and as a power of ten.

142 Chapter 4 Powers and Roots



Rational Numbers and Exponents

“ Evaluate Expressions

Algebraic expressions containing negative exponents can be written using positive
exponents and then evaluated.

Example 4 EJ

Prdnyof Opfelrlatlo:s Evaluate 4a~ % ifa = —2.
Remember to follow the —5 % 2 : ;
order of operationswhen | 407 =4+ (—2)7°  Replace awith —2.
evaluating expressions. =4. 1 - Definition of negative exponent
. = {(—2)
=45 ] Find (—2)°
—32 !
i
s Simplify.
=37 T
-8
=L Simplify.
=0

[Gﬂf [#? Do these problem:s to find out.

Evaluate each expressionifm=4andn=3.
4a. m? 4b. 6mn~* 4c. —n—3 4d. —am—?

lGuided|Practice

Write each expression using a positive exponent. (fample 1)

1. 672 2, (-27° % 4. b7
Write each fraction as an expression using a negative exponent other than —1. (fxample 2)
1 1 1 1
5. 2% 6. pel 13 8. 55

.‘ 9. When a baseball is hit, it comes in contact with the bat for less than 0.001 of a second.
Write 0.001 using a negative exponent other than —1. (fuample3)

Evaluate each expressionif x=—4and y = 2. [bample )

10. y 7 y L 12.# 13. 8y~*
Independent!Practice
Write each expression using a positive exponent. (Eample 1)

1, 118 15, 7 16. (—4)7° 17. (=54

18. a2 19, k8 20, 5 b

Write each fraction as an expression using a negative exponent other than —1. (Fampie2)

1 1 1 1
22, F 23. ﬁ 24, F 25. g

1 1 1 1
26. b 27. 29 28, Ta4 29, 125
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Write each decimal using a negative exponent, Eqnificd) -ff’-‘f_“"::"

e /0": /09
1

arage] 8 "’ i . ot
30. The minimum thickness of Saturn’s A ring is one-tenth kilometer. g /O i /0
31. EX T 3171 The diameter of a typical atom is 0.00000001 centimeter. Write the o = l
decimal using a negative exponent. j D" /0
. 1= 0.1
Evaluate each expressionifn=3,p=—2,andg=6. [I-'x.!mplvlﬁ_ / O
32.n°5 33. (pq) (__2.('7 34. p—3 /O -2 O-o'l
=%
Tl =1 . P . —q
35. —q 36. 9 1A L 37. 2 /0 -3 - .00l
38, 6n—3 WDapg2 L= 40, 7Pq?
-12 4
41. The table at the right shows the average lengths z ' | -] -10
of different objects. Jhet s ol /0 > / G
: = /
a. How many times as long is a virus than pinhead X Di- —_
an atom? cel 0 / [
b. About how many viruses would fit across virus 107’ "u P
a pinhead? atomi 10 f'ﬂ | i
¢. Afootball field is about 10? meters long. le ,0 . /0
How many times as long is this than a cell? 0 =
42. EF T 3171 The pH of a substance is a measure of its acidity. THg pH scale ranges ,g [
from 0 to 14, with a pH of 7 being neutral. As the pH decreases, the substance is - _,J 5 {" Bf 1"
more acidic. The table shows the pH of several common substances. !O H" | I‘f‘
Substance  py | [vdrogenlon wof’fw‘
P Concentration (
S 2-
coffee 5 103 ;
Acids T - 2 - "{1‘ -2 r
milk 6 107° q (-l)
Neutral ~ pure water 7 077 / f ‘\ s 4
egg whites 8 1078 "f > >
Bases
baking soda g 10~*

a. Which substance in the table has the greatest hydrogen ion concentration? How

many times as great is that hydrogen ion concentration than that of egg whites?
b. Which substance has a hydrogen ion concentration of one millionth?

¢. How many times as great is the hydrogen ion concentration of coffee as the
hydrogen ion concentration of pure water?

43, @S Be Precise A grain of sand has a volume of about cubic millimeter.

1
10,000
a. Write this number using a negative exponent.

b. An empty bottle used to create sand art can hold about 107 grains of sand. What
is the approximate volume of the sand art bottle?

¢. If one cubic centimeter is equal to 10° cubic millimeters, how many cubic
centimeters of sand will the bottle hold?
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The wavelengths of X-rays are between 1 and 10 nanometers. If a nanometer
is equal to a billionth of a meter, express the greatest wavelength of an X-ray
in meters. Write the expression,using a negative exponent.

L o ‘r.'_.o e

‘m The shortest perif;bd of time ever rpeasured directly was a light burst of a laser

i g&&;& Multiple Representations In this problem, you

lasting about 0.008006008000001 second. Write this decimal as a fraction

I -
and as a power of ten. W' /O /

- : ; Power Fraction . Decimal |
will explore negative exponents when using powers of 1 : t -
10,10~" == or 0.1, & 10 0

==
a. Table Copy and complete the table shown. W o - |
-3
b. Reasoning Do you notice a pattern between the negative 5 - s ‘
owers o and their decimal equivalents? Explain. 10 n n
P f10 and their decimal equivalents? Explai 0t |
¢. Words Write a rule that could be used to find the decimal 1073 = ] |

equivalent of any negative power of 10.

d. Numbers Use the rule from part ¢ to find the value of 1012,

@‘? H.O.T. Problems Higher Order Thinking

i
47, ﬁEEE Model with Mathematics A pizza is cut into 25 equal pieces. Write a fraction

49,

50.

51.

52.

that represents one piece of the pizza. Then write this fraction as a power that has a
negative exponent. Show the steps you would take to write the fraction as a power.

-
s Gﬂis Find the Error Mahala is evaluating the expression 2 - 4=2. Find her mistake

and correct it.

b

ﬂ@§- Reason Inductively Consider the following sets of numbers: -& I 5
Set 1:2-2,(—2)72, (—2)2, 22 D ° T
Set2:273,(—2)~3, (—2)3, 23 & 2_)" - Lf

a. Simplify each expression in Set 1. Which expressions, if any, are equal?

b. Simplify each expression in Set 2. Which expressions, if any, are equal? 3 = E L{

¢. Explain why the number of equal expressions is different for each list. .3

d. Make a conjecture: 2 7%= (—-2) % ifandonlyif | .?

e. Make a conjecture:; (—2)* = 2% ifandonlyif | )- 3

@ Persevere with Problems Compare and contrast x—"and x", where x # 0. C s

Then give a numerical example to show the relationship. C" 9‘9

ey
55.5,% Justify Conclusions Investigate the fraction ?_Ln Does it increase or decrease
as the value of n increases? Explain. 2

@ Building on the Essential Question Explain the difference between the A
expressions (—3)*and 374,

Ce D% 4D -4 A o) <16

Lesson 4-2 Negative Exponents
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f Standardized Test Practice

53. DNA contains the genetic code of an organism. | 55. Which of the following shows the expressions
The length of a DNA strand is about 10~7 meter. | 40,4-2,42 and 4-3 in order from least to
Which of the following represents the length of greatest?

ks ,
the DNA strand as a decimal? , A 4-3,4-2 42 40

A 0.00001 m C 0.0000001 m B 4042 43 42

B 0.000001 m D 0.00000001 m f C 42 40 4-2 4-3
54. When simplified, 23 is equal to which of the {; D 473,47%,40,42

following? | )

] | 56. Short Response It takes light
F —32 H ' 5.3 % 0.000001 seconds to travel
e Ml ' one mile. Write 0.000001 as a fraction
G J 32 |
32 ! and as a power of 10.

)

L

@ Common Core Review

57. The table shows the elevations of geographic places in relation to sea level. Order
the elevations from least to greatest. 6.N5.7b

Place Elevation (ft)
Denakil -410
Lake Assal -509
Qattara Depression 435
Turpan Pendi l —505

Find each sum or difference. Write in simplest form. 7.n5.1

=s g1 =B [ Sl
i o ( 3] b
T Y e Lre Y | 8 _ gt
61. -1 ( P 62. 45+ 22 63. 22 ( 43
64. Financial Literacy Rami withdrew $75 from his savings each month for 3 months.
What is his total withdrawal for the 3 months? 7.N5.3
Evaluate each expression. 7.EE.3
65, 4nifn=—12 66. —9pifp=—7
67. 3xyifx=—4andy=>5 68. —8stifs=—2andt=26
Write each expression using exponents. 8.EE.1
69, 15-15-15-15-15 70. bc-bc-bc-bc-bc-bc-bec-be
71. 4+9exexsyrsysysy 72. (p+2)p+ 2)(p+2)
Find each product. 6.n5.3
73, 25 x 0.001 74, 107 x 0.0001 75. 3.8 x 0.01
76. 0.5 x 0.021 77. 1.5 X 0.003 78. 4.2 % 0.0005

146 Need more practice? Download Extra Practice at connectED.mcgraw-hill.com.
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