Algebra 2 / Trigonometry
1.5: Properties of Exponents
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When the base includes more than one symbol, it
is written in parentheses.

Exponential Form | Base | Expanded Form
—2x3 X —2(x + X+ X)
—(2x)° 2x —(2x)(2x)(2x)
(—2x)? —2x | (=2x)(—2x)(—2x)

Reading Math

A power includes a base and an exponent. The
expression 23is a power of 2. It is read “2 to the
third power” or “2 cubed.”
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Objectives
Simplify expressions involving
exponents.
Use scientific notation.
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In an expression of the form a”, a is the
base, n is the exponent, and the quantity
a" is called a power. The exponent
indicates the number of times that the base
is used as a factor.

Base Exponent

\ /
a"=a*a*a‘*...a*a*a
L )
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a is a factor n times
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Example 1A: Writing Exponential Expressions in
Expanded Form

Write the expression in expanded form.

(52)
(52)2 The base is 5z, and the exponent is 2.
(5z2)(5z2) 5z is a factor 2 times.
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Example 1B: Writing Exponential Expressions in
Expanded Form

Write the expression in expanded form.

Example 1C: Writing Exponential Expressions in
Expanded Form

Write the expression in expanded form.
—s4 3h3(k + 3)2

The b is s, and th
st exsonaesnet E zs; anathe 3h3(k + 3)2 There are two bases: h and k + 3.

—(seseses)=-seseses sisafactor4 times.
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Check It Out! Example 1a Check It Out! Example 1b
Write the expression in expanded form. Write the expression in expanded form.
(2a)s 3b4
The base is 2a, and the ] ]
) 4
(2a)s exponentis 5. 3b The base is b, and the exponent is 4.

(2a)(2a)(2a)(2a)(2a) 2ais a factor 5 times. 3ebebebeb bisafactor4times.
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Check It Out! Example 1c
Write the expression in expanded form. SrojandinegativalExpunents N
For all nonzero real numbers a and integers n,
-(2x - 1)3y2 WORDS NUMBERS ALGEBRA
Zero Exponent Property
A nonzero quantity raised to the 1000 — 1 201
-(2x - 1)3y2 There are two bases: 2x-1, and y. zero power is equal to 1. - B
Negative Exponent Property
A nonzero base raised to a 7-2_ (1 2_q an (l)" _
negative exponent is equal to the —\7) T 2 “\a) T an
2x—1is a factor 3 recipn.:cal of $h.e base raised to the 34 )4 a b\
_(2x - 1)(2X - 1)(2x - 1) eyey times, andyis a factor opposite, positive exponent. (5) (;) (B) = (g)
2 times.
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Example 2A: Simplifying Expressions with Negative

Exponents
Do not confuse a negative exponent with a Simplify the expression.
negative expression. 3-2
a’"z=-a" =
_ A
1 . 1
— The reciprocal of 3 is — .
3 3
11
33 9
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Example 2B: Simplifying Expressions with Negative Check It Out! Example 2a
Exponents
Simplify the expression.
Simplify the expression.
2y? 1*
3 g
3\ ‘N (3 32 The reciprocal of % is3.
[Ej The reciprocal of [5/\ is [Ej .
33 9 3370
22 4
T
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CheCK It out! Example Zb For all nonzero real numbers a and b and integers mand n,
WORDS NUMBERS ALGEBRA

Write the expression in expanded form.

Product of Powers Property
To multiply powers with the same base, add

3.42-43+2 =45
the exponents. FHoF=a =4

am.an = amtn

- -5
( 5) Quotient of Powers Property
To divide powers with the same base, P _gra_ge | a7 men
subtract the exponents. 32 = g
5
1 J 1 Power of a Power Proj
. . perty
- = The reciprocal of ~5is ——. ) )
[ 5 5 To raise one power to another, multiply the | (4312 _ 3.2 _ 45 | (qmy7 = men

exponents

Power of a Product Property

LI T T T ) DU B To find the power of a product, apply the | (1o _ 52 g | (4p)™ = g
5 5 5 5 5 3125 exponent to each factor. cai=Ere Y =a
Power of a Quotient Property
To find the power of a quotient, apply the 3)2 32 a\m _ am
exponent to the numerator and denominator. (g) =52 (g) =pm
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Example 3A: Using Properties of Exponents to
Simplify Expressions

Simplify the expression. Assume all variables
are nonzero.

3z7(-4z2)
3e(-4)ez7 ez

—12z77+2 Product of Powers

-122° Simplify.
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Example 3B: Using Properties of Exponents to
Simplify Expressions

Simplify the expression. Assume all variables
are nonzero.

=)

(yz3-5)3 = (yz2)3 Quotient of Powers
y3(z°2)3 Power of a Product
y3z(-2)(3) Power of a Product

,V3 7%= ';72 Negative of Exponent Property

Check It Out! Example 3a

Simplify the expression. Assume all variables
are nonzero.

(5x°)3

53(x6)3 Power of a Product
125x(6)3) Power of a Power

125x18
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Check It Out! Example 3b

Simplify the expression. Assume all variables
are nonzero.

(-2a3b)-3
1
(_2 28 b)3 Negative Exponent Property
_ 1 Power of a Power
(278"
-1
8a’p’
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Scientific notation is a method of writing
numbers by using powers of 10. In scientific
notation, a number takes a form m x 107, where
1 <m <10 and n is an integer.

Scientific Notation Move the decimal Standard Notation
1.275 x 107 Right 7 places 1\2}\7}\5}93(39
3.5 x 1077 Left 7 places 0.00000035

AAAAAAAS

You can use the properties of exponents to calculate
with numbers expressed in scientific notation.
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Example 4A: Simplifying Expressions Involving
Scientific Notation
Simplify the expression. Write the answer in
scientific notation.

45x10°°
1.5<10°

45 (107)  ab_a
15 10° b ¢

Divide 4.5 by 1.5 and subtract
exponents: —5—6 =-11.
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3.0 x 1011
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Example 4B: Simplifying Expressions Involving
Scientific Notation

Simplify the expression. Write the answer in
scientific notation.

(2.6 x 10%)(8.5 x 107)

(2.6)(8.5) x (104)(107)

1 Multiply 2.6 and 8.5 and add
22.1x10 exponents: 4 + 7 = 11.

12 Because 22.1 > 10, move the decimal
2\%1 x 10 point left 1 place and add 1 to the

exponent.

Check It Out! Example 4b

Simplify the expression. Write the answer in
scientific notation.

(4 x1075)(3.1 x 10-4)
(4)(3.1) x (106)(107%)

Multiply 4 by 3.1 and add

-10
12.4x10 exponents: —6—4 =-10.

o Because 12.4 >10, move the decimal
164 x 10~ point left 1 place and add 1 to the

exponent.

Example 5 Continued
-'Understand the Problem

The answer will be the time it takes for light to
travel from the Sun to Pluto.

List the important information:

e The speed of light in space is about 3 x 10°
kilometers per second.

e The distance from the Sun to Pluto is 5.9 x 1012
meters.
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Check It Out! Example 4a
Simplify the expression. Write the answer in
scientific notation.
2.325x10°
9.3x10°
2325) (10° a-b_a b
93 )10 c-b ¢ d
0.25 x 10-3 Divide 2.325 by 9.3 and subtract
exponents: 6 -9 =-3.
2.5 10-4 Because 0.25 < 10, move the decimal
O X point right 1 place and subtract 1 from
the exponent.

|

Example 5: Problem-Solving Application

Light travels through space at a speed
= Of about 3 x 105 kilometers per second.
. Pluto is approximately 5.9 x 1012 m
sovms] from the Sun. How many minutes, on

average, does it take light to travel

from the Sun to Pluto?

| m [

Example 5 Continued
2 Make a Plan

Use the relationship: rate, or speed, equals
distance divided by time.

distance . distance
so time =

speed = , ==
P time speed
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Example 5 Continued

‘. Solve

First, convert the speed of light from
kilometers to meters
seconds minute’

3,
3x1 Osk—m[lo m}[ 608} There are 1000, or 10° meters in every

&7 1k Imin ) giometers and 60 seconds in every minute
3460)x(10°+10%)-"-
( )X( ) min
180510° ™1 8x10" T
min min
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Example 5 Continued

. Look Back

Light travels at 3 x 10> km/s for 328(60) = 19,666
seconds travels a distance of 5,899,560,000 =
5.89 x 102 km or 5.89 x 102 m. The answer is
reasonable.
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Check It Out! Example 5 Continued

. Understand the Problem

The answer will be the time it takes for light to
travel from the Sun to Earth.

List the important information:

e The speed of light is about 3 x 10> kilometers
per second.

¢ The distance from the Sun to Earth is 1.5 x 101!
meters.
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Example 5 Continued

‘. Solve

Use the relationship between time, distance, and
speed to find the number of minutes it takes light
to travel from the Sun to Pluto.

. 2 .o
time :dlstance: 5.9x10”m m \=ﬂ7[ in

speed 45 qg0 M [lj
’ mi \min

W: min
J

=3.27x10° min~328 min

It takes light approximately 328 minutes to travel
from the Sun to Pluto.
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Check It Out! Example 5
Light travels through space at a speed
ﬁ:hm of about 3 x 105 kilometers per second.
. Earth is approximately 1.5 x 101! m
sovne]  from the Sun. How many minutes, on
average, does it take light to travel
from the Sun to Earth?
|
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Check It Out! Example 5 Continued
2 Make a Plan

Use the relationship: rate, or speed, equals
distance divided by time.

distance . distance
, so time = ———

speed =
P time speed
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Check It Out! Example 5 Continued Check It Out! Example 5 Continued
‘. Solve '. Solve
First, convert the speed of light from Use the relationship between time, distance, and
kilometers to Meters speed to find the number of minutes it takes light
seconds minute’ to travel from the Sun to Earth.
ki 10°m [ 60s Th 1000, or 10° meters i 1 m min .
3X1057[ ]( j There are 1000, . _distance  1.5x10"'m _ (7],
i kilomet d 60 time = [ <= min
=k Limin) e e peed g (] LA
min min
(3'6°)X(1°5°1°3)% ~0.83 10" min~8.3min
It takes light approximately 8.333 minutes to travel
m m
18°X108m:1'8”0mm from the Sun to Earth.
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Check It Out! Example 5 Continued

t Look Back

Light travels at 1.49 x 108km or 1.49 x 1011 m for
8.33(60) = 499.99 seconds travels a distance of
149,999,400 = 3 x 10> kilometers per second.

The answer is reasonable.




