4 Powers

4.1 Introduction

Consider the following equations.

10 x 10 = 100
10 x 10 x 10 = 1000
10 x 10 x 10 x 10 = 10000

Each of these equations can be written in a shorter form.

10% = 100
10% = 1000
10* = 10000
In general, a product such as t

axXaXxXaX---Xa

can always be expressed in the form a™. In this case a is known as the base, and n as the
exponent, power or index. This notation is simple to use, and allows many calculations to
be performed more easily.

When performing operations using powers, there are several laws that make calculations
easier. These are known as the index or power laws.

Index Laws

q™
amXan:aern 7:am—n
an
(@™)" = o™ (@ xb)™=a" xbm
a\™ a™
. - 0 _
(b) E =1
-n 1 m/n n m n/ -m
a = a = (Ya )" =Va

Below we list each rule along with a brief illustration. In practice, it is sufficient to simply
apply the rule without including the intermediate working.
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1. Multiplication a™ X a" = g™t

For instance,

2 x 2" = (2x2x2) x (2x2x2x2) = 27 = 2%

2. Division - —=gmm

For instance,

3 3x3x3x3x3 B _ g2
32 3% 3

3. Powers (@™ = gm™x"

This illustration shows how the power law follows from repeated applications of the
multiplication law.

(29)7 = 2tx2tx 2t — ot _ 912 _ 9t

4. Products (axb)™=a" xb"

For instance,

(3x5)? = 3x5 x 3x5 = 3x3x5x5 = 3 x5

5. Quotients <a)m _ 2

For instance,

(3)3 3 3 3 3xX3Ix3 33
— = — X —-"X- = — = —
5 5 D DX DHXDH 53

6. Zero a® =1

This illustration shows how the zero law follows directly from the quotient law.

3t 3
0 1-1 2
3 =3 =31 = 3 = 1
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7. Negatives a "= —

This illustration shows how the negatives law follows directly from the quotient law

and the zero law. o

20—3 27 1
93 T 93

8. Fractional Powers a™™ = (Ya)™ = Yam

For instance,
82/3 — (81/3)2 — (%)2 — 22 = 4

or

88 = (&) = U8 = Vo4 = 4

It is important to remember that /2 is equivalent to /.

A combination of these rules can be used to simplify many equations involving powers.
Remember that you can only combine terms that have the same base.

4 2

Example 4.1.1 Simplify T ngc
x
45 42 4+2 6
Solution: T xgx = xmg = % = 673 = 3
2 o —3)2
Example 1.2 Simplify w
T Yy
2 o 2 —3)2 2x2 —3x2 4. ,—6
Solution: (z jg 4) _z 2><Xy — = t QXX?J .= 2472 sy = 26 710
T Y T Yy T Yy
29 x 273
Example 4.1.3 Evaluate T
, 29 %273 29x 273 2973 96 6—d 9
Solution: 6~ o1 o1 —agi— 27 =2"=14
Example 4.1.4 Evaluate 27%/%
Solution.: 272/3 _ (271/3)2 _ ((33)1/3)2 _ (33><1/3)2 _ (31)2 =32_=-9
3/2 o ,—2)2
Example 4.1.5 Simplify M

Y72 x
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(@32 xy=2)? 2Py PBxy™t o —4—(~7/2)
yPxad gy Pxad oy Pxas Y

1 1
_ .0 -1/2 _ -2 — = —
Xy >y yl/2 ( \/§>

Solution:
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Practice Problems
Here are some problems for you to practice on, followed by answers. Fully worked solutions
to these problems can be found in Section 11.4.

Q4.1 Write 9° as a product.
Q4.2 Simplify
(a) 2? x 23
5
Y
(b) "
(c) (2%)?
(d) (2z)°

(e) z7°
Q4.3 Evaluate (without a calculator)

213 % 24
@

(b) 125%3
(c) (zxy)
(LL’7 X y—4)2

(y12 X xS)—S

(7% x y)~?
x4 x y=6

Q4.4 Simplify

Q4.5 Simplify (provided that z > 0 and y # 0)

oo 2 x93 x5t
Q4.6 Simplify 5 % &% % 311

A41 9Xx9x9x9x9
A4.2 (a) 2°
(b) v’
(C) 3312
(d) 82
1
(e) 23
A4.3 (a) 8
(b) 25
(c) 1
Ad.4 223 x y®
A4.5 x x y?

A4.6 28 x 35 x 573
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