Worksheet 1.8 Power Laws

Section 1 POWERS

In maths we sometimes like to find shorthand ways of writing things. One such shorthand we
use is powers. It is easier to write 23 than 2 x 2 x 2. The cubed sign tells us to take the number
and multiply it by itself 3 times. The 3 is called the index. Then 10° means multiply 10 by
itself 6 times. This means:

10° =10 x 10 x 10 x 10 x 10 x 10

We can do calculations with this shorthand. Look at this calculation:
32x3=3x3x3x3x3=3

because 3 is now being multiplied by itself 5 times. So we could have just written 33 x 3% = 35,

The more general rule is

2% x z¥ = g0t

where z,a and b are any numbers.

We add the indices when we multiply two powers
of the same number.

Example 1 :
59 x 5 =57
Note that 5 = 5.

Example 2 :

Example 3 :
3¥x3' =3

so that 3° must be equal to 1. Indeed, for any non zero number z, 2° = 1.
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We can only use this trick if we are multiplying powers of the same number. Notice that we
can’t use this rule to simplify 5% x 8%, as the numbers 5 and 8 are different.

This shorthand in powers gives us a way of writing (3%)3. In words, (3?)® means: take 3,
multiply it by itself, then take the result, and multiply that by itself 3 times. Then

(37 =(3x3)3*=3x3)x(3x3)x(3x3)=3°

The general form of the rule in multiplying powers is

Example 4 :

(:L’3 b _ 3xb

Finally, what happens if we have different numbers raised to powers? Say we have 32 x 53. In
this particular case, we would leave it as it is. However, in some cases, we can simplify. One
case is when the indices are the same. Consider 3? x 6°. Then

3?x6> = 3x3x6x6
= IX6xXx3x%x6
= (3 x6)
= 182

We can get the second line because multiplication is commutative, which is to say that a x b =
b x a. The general rule then when the indices are the same is

a

¢ X y* = (z x y)°

Example 5 :
22 x 3% x 5% = (2 x 3 x 5)* = 30?
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Exercises:

1. Simplify the following and leave your answers in index form:

(a) 6° x 6 (f) (8%)°

(b) 4° x 42 (g) 5 x 5°

(c) o7 x 2 (h) 25 x 212 x 23
(d) m* x m3 (i) (3)* x 25

(e) (m*)? (3) m* x (m°)* x m

Section 2 NEGATIVE POWERS

We can write % as £~ 1. That is: z7! = % Now we can combine this notation with what we

have just learnt.

Example 1 :
1 1
rxrxexx o a
(«h)~!
4
Example 2 :

1
273: 23 71:871:_
(2 :

We treat negative indices in calculations in the same manner as positive indices. Then

ZL‘b X % = ber(fa) _ l‘bia
(xb)fa — xfab
x_n — i
xrn

Consider this longhand example:
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Example 3 :

1
273 x 2 = mx2x2x2x2x2

2X2X2%X2x%x2

2X2x%x2
= 2x2

= 22

whereas our shorthand notation gives: 273 x 2° = 2735 = 22,

This concept may be written in the form of a division.

Example 4 : 27 x x—lﬁ =27 =+ 25 When we divide two powers of the same number,

we subtract the indices. Hence,

M = e
So
N N
_ 1
Example 5 :
68 . 63 — 6873
= 6
Example 6 :
mt = m? mA—9
= m75
1
T omw
Example 7 :
B2 ()
842
g0



Exercises:

1. Simplify the following and leave your answers in index form:

(a) 671 x 67

(b) 108 x 107°

(c) " x a3

(d) (37 )

(e) y!

(f) v°

() 72 =7

(h) (m*)=2 x (m?)°
(i) ¥° xy"t =y
(3) (8%)"+(8%)°

Section 3 FRACTIONAL POWERS

1
What do we mean by 47 The notation means that we are looking for a number which, when
1 1
multiplied by itself, gives 4. Then 42 = 2 because 2 x 2 = 4. In general, z= is asking us to
find a number which, when multiplied by itself a times, gives us x. In the case when the index
1

: 1 1 .
is 5, as above, we also use the square-root sign: z2 = y/z. So 85 means the number which

when multiplied by itself 3 times gives us 8. That is, 83 is the cube root of 8, and is written
1
as 83 = /8.

8%:2 because 2 x2x2=28

What about 85? With our previous rule about powers, we end up with this calculation:

win
o=

83 = (83)2=(2)*=4

Example 1 :

ol
wlw

And, if we have 82 x 2%, because the indices are the same, then we can multiply the numbers
together. Then ) ) ) )
82 x 22 = (8x2)2 =162 =4
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Another way of writing this is

V8xV2=1v8x2=116=14

The simplification process can often be taken only so far with simple numbers

53 x 33 = (5x 3)5 = 153

There is no simpler way of writing 15%, so we leave it how it stands.

Example 2 : Recall that 17z = L. Then
ZRATPE 4 o3

=

9-

Exercises:

1. Simplify the following:

(a) 92
(b) 273
(c) 162
(d) 1672
(e) 2773

2. Rewrite the following in index form:

(a) V8
(b) /m
c) (m®
)
)

~—
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(d
(e
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Exercises 1.8 Power Laws

1. (a) Express 3 x 3 x 3 X 2 X 2 using powers.
(b) Write 27 in index form using base 3.
(c) Calculate the following. Which are the same?

i 22 x 32 iii. (2+3)2
i 22 + 32 iv. (2 x 3)2

(d) Express z; in index form with base 5.

1
2
1
27

(f) Express v/64 in index form with base 64.

(e) Express 5= in index form with base 3.

2. Simplify the following:

\}
o

X

[\
=~

(b) (3%)° (leave in index form)
() 125 + 127
(d) (2.3)%(2.3)7 (leave in index form)

N
o0

~3 (leave in index form)

x 4
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Answers 1.8

Section 1

Exercises 1.8
1. (a) 33 x 22
(b) 3°

2. (a) 128
(b) 310

(¢) i&iv, v & vi
(d) 572
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