Grade 9 Mathematics
Module 3: Exponents
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EXPONENTS LESSON 1

First, we need to become familiar with some terminology:
Suppose we have: 52
5 is called the base and the 2 is called the exponent.

In Mathematics we use an exponent to indicate repeated multiplication. Exponents are also sometimes called
powers.

@’ means a x a x g or 3 lots of @ multiplying together.
This must not be confused with:

3a which means ¢+a+a or 3 lots of @ adding together.

In this case we call the 3 the coefficient.
Mathematics is a language, and we need to learn to speak it but also to write it.
When we see 3a we say three a but when we see ¢* we say a cubed or a to the power of 3.
An important thing to realise is that exponents come before multiplication in our order of operations.
Evaluate (work out the value of) the following:

2%x52=2%25=50 22=—(2%)=-4

B ———————

EXERCISE 1

Write the following out in full:

a. pt b. 4g c. 23
=bbbb —gtgtetg =2x2x2
d. 64 c. 56 f. e
=eeee =5.5.5.5.5.5 =etetete
D — > —_—
g 37 h. (6 i. Sa
=3x3 =cccecece =atatatata
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Now write these using a coefficient or an exponent:

a. c¢ctectcetete b. dxdxd C. 5x5x5x5x5
_se — & =59
d 34+3+3+3+3+3+3 e gXgxXgrgrgxgxg f. h+h+h+h+h
=73 :g7 =5h
Y > —_—
g. 35 lots of h multiplied together h. (d)(d)(d) i. 7 lots of b added together
=}3 =d3 =7b

Next, we are going to look at what happens when we multiply numbers which have exponents but with the
same bases.

Calculate the following by first writing them out in full:

a’x g brx b3

=aaa * aaaa =bb x bbbbb
=a’ = b’

et x e 24 x23

=eeee X eeee =2222x%x222
=e¥ =27

Note: you may have been tempted to say that 24 x 23 =47 BUT we have 7 twos multiplying together NOT 7
fours multiplying together!

Let’s summarise what we have learnt:
When we multiply numbers with the same bases, we ADD the exponents and keep the base as is. We can

write this with symbols as follows: a” x g¢=4""¢
—_—
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Let’s practice our new rule.

Remember that we can use a . to represent multiplication. So, a.b=axb=ab .
Likewise, (a)(b) means a x b.

EXERCISE 2

Simplify, remembering that numbers can multiply in any order. If you are unsure, then go back to basics and
write them out in full.

a. a xa’ b. b x b
=al(l =b5

C g3><g2><g4 d 25><29
=g =9l4

e VExyOxy f. 35 x 33 x 32

g [PrgixfOixg h. (@*b*) (@’ b?)
=fllg? =a’b’
- .

i a% x ¢° j. eNgl0xolly
=7 =3l g2!

Now consider multiplying numbers which involve both coefficients and exponents!
For example, 2x3 x 3x3

Remember that we can multiply numbers in any order so this can be re-written as:
2x3xxd xxd

The 2 and the 3 are “normal” numbers in the sense that they do not have powers on them. As always, we
multiply them to get 6. Then we have a total of 8 lots of x multiplying together. The shorthand for this is x®

So, our final answer is 6x%.
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Notice that 2 x 32 is NOT 62!

We cannot multiply the 2 and the 3 since they are not both “normal” numbers without exponents.
2 x 32 means 2 x 3 x 3 which works out to 12, not 36 which is what 67 is equal to.

Time to practise, remembering that practice makes perfect!

Finally, don’t forget your rules of integers!

EXERCISE 3

Simplify:

a. 3x2 x 2x° b. 4a’b* x 2ab*
=6x’ =8a’h’

c. 2m*)(B3m™*)(10m) d. 36 .2b.4b%
=60m’ =24p8

e. 2x2y3zx 3xy*z? f. (2a*b)(-4ab?)
=6x’y’7 =-8a’b*
—_— —

g. 3m*nx-2m*n? h. 4g*h.3g*h?
=-6mSn’ =12g°h*

1. 2x37x5x311 J- 3x3yx 2x2y% x 5xy0
=103 30x6y"!
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EXPONENTS LESSON 2

In the last lesson we looked at multiplying numbers with exponents.

We established our first rule.....

b

al % ac’:ab+c

In words, when we multiply numbers with the same base, we add their exponents.
Now we are going to discover what happens when we divide numbers with exponents.

Firstly, let’s remind ourselves how we simplify fractions.

8
S have —
uppose we have -

We can divide the top (numerator) and the bottom (denominator) by 2, giving 14—2

this is an equivalent fraction. It is still not in simplest form, we can now divide the top and bottom by 4,
giving:

1
3

This is in simplest form. Note that we could have divided the top and bottom by 8 initially and got straight to
the answer. The important thing to remember is that we can simplify fractions by dividing the top and the
bottom by the same number.

Now let’s apply this thinking to numbers involving exponents:

a7

aS

axaxaxaxaxaxda

Well, if we expand this then we get:
axaxa

W xaxaxaxaxaxa

W xaxa

. . Lo xgxaxaxax ) Lol x o xgxgxax
Ifwedo1tagam,wegetb\ W\ xaxaxaxa aandagamwegetb\ AW xaxaxaxa

ey e

4
a
—=a".

1

Now if we divide the top and bottom by a we get:

Remember that a 1 remains every time we do the divisions. So, we end up with

Now you try these by first expanding them in full:
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EXERCISE 1

22222
222
30022

SO0
=22

—_—

g. hS = h3

_hhhhhhhh
hhh

RN

EURN
=5

—_—

5

b6

b3
_b-bb-b-bb
bbb

_ bbb
R

Il
’c:-t

*]

b?
_bbbbbbb
b-b

:\bl\-\bl\-b-b-b-b-b

e
=p’

8

uZ

_Huuuuuuu
Ui

=

_uuuuuuuu

uu
zbl\\u]\uuu uuu
Y

=M6
—_—

57

52

~5:5-5:5:5-5'5
55
7‘51\.51\.5.5.5.5.5
S

=55

—_—

4% + 42

_4-4-4-4-4-4-4-4
4-4

7}1,1\.}1\.4.4.4.4.4.4

T

=465

R ——

When seeing 3—3 you may have been tempted to “divide” the 2s by one another. However, we don’t do that!

They are not “normal” numbers without exponents!

We hope by now you may have started to form a rule for dividing numbers with exponents and the same

bases?

When we divide numbers with the same bases, we subtract the exponents and keep the base as is.

We can write this with symbols as follows: a

b

¢ = abff

As was the case with multiplication, if we have coefficients, we can divide them or simplify them as normal.

8

For example: 142x =3x°

x3
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Time to practise!

EXERCISE 2
Simplify:
11 30
p q
:p3 :qi
8 5
c z d. o
22 2x°
=26 =3x?
18a*b® 15)%
© 9;193 E -3§4
=2a*h =-5y*
]2><714 a5b7019
g — h. T1516,,
6x7 cba
=2x73 =a*bc?
-12g7 2 : 37d%°
! _2g3h5 J- 334263
=6g*h’ =3%d%eb

5

Now, consider a_s' Well, when we divide two identical quantities, we know that the answer will be 1.
a

For, example, 23 sweets divided by 23 children is 1 — each child gets 1 sweet.

However, we have also just learnt that when we divide numbers with the same base, we subtract the
exponents and keep the base as is.

aﬁ

So, ==a’=1
a

In fact, any number raised to the power of 0 is 1. This is a definition rather than a rule but important all the
same!

Let’s make sure we understand the difference between these:
5x% and (5x)°

5x° but (5x)° =1
=35x1

=5
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Next, we are going to combine our multiplication and division. Now is the time to keep calm! While the sums
might look a little bigger, we just tackle them one step at a time.

Consider this example:

2a’ b* x 6ab’
3ab® x2ab?
12a*p°
6d2b’
=24%p"

=2a°
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Let’s practise some!

EXERCISE 3

a’b* x a*b®
a’b? x ab®
A p12
2 p10
=a0b2

—p2

—_—

8hm> x 3hm?

Adm*h > 6mh

:24h4m7
24h*m3

=h’m*
—_—

(ab)(a3b4)
a‘b’
:a4b5

=pt
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(a*b°)(ab®)

(@ g)cQ)

(ge)(ge™)
B CSg3

g2c5

:C?’g

—

S2x3y x 4x?y®

-4x3y % -3xy0
_ _8x5y7
12x%y!
2
3

E——




EXPONENTS LESSON 3

So far, we have the following rules:
and —=a’+a

We also know that ¢°=1.

Today we are going to look at what happens when we have a higher power on the denominator.

4

) a
Consider —
4

Well, if, as we did last time, we write it out in full and divide the top and bottom repeatedly by a we get:

axaxaxa

axaXaXaxaxXxaxXa
_ A DA XN
A A W xaxaxa

So, we end up with Lq
pE

However, our rule says that the answer should be 4.

1
In fact, @ =—-
E

This leads us to a new rule, actually a definition!

This rule allows us to write numbers with positive exponents.

Let’s consider a few examples:

m> =L5 32 _ 1 what about =l
m 32 m>
=5m?
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So, we can see that when a factor moves from the top of the fraction to the bottom or vice versa then the
sign of its exponent changes.

Let’s write these expressions with positive exponents:

5 372
a’h3 g a-b
h 2!
22
== = oS pt 2h?
b‘ —_— 3
—_— a
—_—

It is very important to realise that we can only move a factor from the top to the bottom — NOT a term!

Qa2 2+al 2
=— BUT
b ab v b iab

Note that we have choices when we do an example. Providing we obey our rules we can get the same, right
answer in different ways. Consider the following example:

Simplify, giving your answers with positive exponents:

1243 h7%
6ab*

3.4 3.4
Labe OR ekt
6a’h 6a2b*
:M =2a°b®

6b* b 248
_2a° B
bS
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EXERCISE 1

Simplify, expressing your answers with positive exponents.

a.

a—2

ZL
a2

-4m> x3m°
=-12m!

12 -12
—— or

m m
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a*b? xab™ -2x3y% x 6xy

ab® xa*b’’ ' -3x0y73
:a4b 2 :-12x4y7
ab? 30y
— a1 B0 —4x72p10
=l 74y10
a 2
- D ———
. (6x315)(4x2%) N a3b76
Gx*y)(x*y?) a3 b
24yt :b2b7csc2
3x%y3 a’a’
=8x'4;“ :b()c7
:Sy“ a®
4 >
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5'1x0y3
. 2h%c° x 8h0¢

= .
:Ji 453 < 4p°c?
i’ _ 16588
165° ¢
=bSC‘2
. hS xg-3
21 gt h’ : o
_ 2h’2g’7 re
: —oSh
g7h2 4
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EXPONENTS LESSON 4

So far, we have the following rules:

ab ><ac_a,b+c and a_c=ab = q¢ = abfc

a
We also know that ¢ =1 and that ¢ * =Lb

a

We will now learn two more rules:
Consider (ab)? (fgh)’
(ab)? (fgh)’
=(ab)(ab) =(fgh)(fgh)(fgh)
— a2 b2 zf"3g3 /13

—

We can summarise these in words as follows:
When a product (a multiplication sum) is raised to a power then all the factors get the power!
We can write this in symbols as follows:
(ab) =a‘b*
Note that (a+b)? #a” + b?

Now consider what happens when a quotient (a division sum) is raised to a power:

g _a
h b3

We can summarise these in words as follows:

When a quotient (a multiplication sum) is raised to a power then both top (numerator) and the bottom
(denominator) get the power!

We can write this in symbols as follows:
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EXERCISE 1

Simplify, expressing answers with positive exponents where necessary:

(xy)? x 9x?y
x3y6 x 3

_ Xy x9x%y

s

_ 9x5y4

3x3y6
:3x2y-2
_3x?

y2

c. (2ab)’ +4a’b
_8a’h’
 4ah
=2ab?

— >

3
e. (%] x3a°b®

3

ZGTX 3a’h°
b\

=3a%p3

_
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(ny)2 X 3y3x5

24x3y0
4x2y? x 33
_W
C12x7y?
724x3y6

_xty!

3
— X
XXy

— 2'¥2y4



Now let’s look at what happens when a number which already has a power is raised to a power:

Consider (x?)’

Well, we know that cubing a quantity involves multiplying 3 lots of itself by one another:
22— 6

So, ()cz)3 =x?xxtxx?=x

Try doing the following in a similar way. See if you can make up a rule!

442 5 54
(a”) () (g)
=a*a* =222 121 =g g
=4 =410 = 20
e —_— B —_—

Indeed, when we have a number with a power being raised to another power, we

multiply the powers.

We can write this with symbols as follows:
( ab)c‘ — abc
That brings us to the end of all the rules we need for exponents in Grade 9.

Let’s right them all down:

Exponents rule! I mean exponent rules!

b+e a b c

a’xa‘=a and —=a’ +a" = ab¢
a
(ab)® =a‘b* but note that (a+b)? #a? +b?
al”_a
b b
(ab)c‘ zabc

We also know that ¢® =1 and that ¢~ =Lb
a
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EXERCISE 2
Simplify expressing your answers with positive exponents where necessary:

3\-2
a.  (a*h) xatb7 b, {y—z]
=a®h® xa*b’ ¥ p
. ¥y’
=ajb 4 _x’4
< oy
b gy
—s Y
R —
(4x")* o G2y
¢ 4x? ' x2y0 x dxty
_ 16x° :x4y6 x2xy
4x~2 4x2y’
=4yt =2x5y7
- 4x2y7
3
2
. (3x2y)” xxy" ] (Txp)® xx3y
2x%y (7x2p)* xx°
_9xfy? xx _Txy xxly
5 Lty 7Y
2x b% 74x8y4
:9x5y2 75x8y0
2x%y _74x8v4
:9x3y =7y?
2 —_—
0
3yh)? x (xhy)?
g. {( xi} IszSh );) h. 2421420
e ol
_ 2
1
2.2 \!
i. 11x° = (11x)° J- [x st ]
11 Yy
= 22
1 Xy
=11 xly?
— =1y
-1
x)?
—_—
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EXERCISE 3

You are helping a friend with exponents. He has attempted the following questions but has made at least one

error in each of them. Identify the error and give the correct answer:

1
S3x73

=3x3

1
— 31
-3

correct answer
x3

-3

 —_

2x 3y—1

6x Zy-Z

correct answer:
X

3y

~

-10m*

-5m?

=2m?

4
f£¢—2 and 22— = m?
-5 m°

correct answer:

2m*
—_
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b.

2% x 27!
=44

don't multiply bases!
correct answer:
24

e 4

(3x%)°

=9y

when applying a power to an
existing power we multiply them
we don't add them!

correct answer:

9x©

—_—

f, a’b®

the power 0 is only on the b

corect answer:

aZ

—



