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PRACTICE IN WORKING WITH POWERS AND EXPONENTS

VERSION 1.0

About this booklet

The 36 worksheets in this booklet provide practice in working with exponents and powers for Grade 8 and Grade 9
levels. Answers are provided for each question.

The pack is called #superpowers because mathematical superpowers are important skills for
learning mathematics at high school. None of the well-known superheroes has mathematical
superpowers! But they practice their superpowers in the same way that learners should
practice their mathematical skills to develop powerful knowledge of mathematics.

We assume learners have been taught the content of exponents so that they can use this
pack to practise working with powers and exponents. We provide a 10-page summary of the
basics of working with powers and exponents, including the laws and definitions. We also

include some ideas on what makes exponents confusing.

Our research in South African schools shows that learners tend to apply exponential laws

where the laws are not appropriate. For example, many give the following incorrect answer: 3x + 2x = 5x2. A
possible reason for such errors is that learners are taught laws of exponents before they have mastered the basics of
algebra, and before they have had opportunity to derive the laws themselves. If learners are given the opportunity to
expand powers and cancel factors, they may well be able to discover the laws for themselves. For example, expanding
p*.p? top.p.p.p X p.p, shows clearly that the answer is p®. This is law 1: multiplying powers with the same base.

The worksheets are arranged in 6 sections, each with a Grade 8 and a Grade 9 cluster. The Grade 8 worksheets are
numbered 1.13, b, c; 2.13, b, ¢; 3.1a, b, ¢ etc. They involve only positive exponents. Grade 9 worksheets include
negative exponents and are numbered 1.23, b, c; 2.2a, b, c etc. The worksheets get progressively more difficult as you
move from a to b to c. For Grade 9s, it may be helpful to begin with the Grade 8 worksheets and then continue
immediately onto the relevant Grade 9 materials in each cluster. Grade 8s should only do the first 3 (or 4) worksheets

n

for each law. We placed the worksheets on key definitions (a® = 1 and a™ = ain) at the front of the pack. However,

we do not recommend that learners begin with these worksheets. These definitions arise from law 2 so learners
should engage with these worksheets while practising law 2. The definition of a™ is not required in Grade 8.

. No. of worksheets
Section Content
Grade8 Grade9

Definitions 2 2 Revising the origins of 2 definitions: a® =1 anda™ = ain
Law 1 3 3 Applying the law for multiplying powers, a™ X a™ = a™*"
Law 2 3 3 Applying the law for dividing powers, a™ + a™ = a™ ™"
Law 3 3 3 Applying the law for raising a power to a further power, (a™)" = a™*"

Applying the laws for dealing with products and quotients raised to powers,

Laws 4 & 5 3 a\" an
n — nen = = —
(axt)*=a"t and(t) i
Mixed examples 4 4 Collections of examples dealing with all 5 laws and the definitions

Learners should pay attention to the numbering and layout of questions. Sometimes the numbering goes
0’0 down the first column and then across; sometimes numbering goes across several columns and then down to
the next row. This is deliberate — to encourage learners to pay attention to question numbering.
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NOTES ON POWERS AND EXPONENTS

In these notes we explain important concepts, terminology, laws and definitions that relate to powers and exponents.
We provide lots of examples to illustrate the laws and definitions. Some examples have numeric bases (e.g. 3°) and
many involve algebraic terms and expressions (e.g. a®; x2y3; 4mn?). We only work with numeric exponents in these
materials so you won’t find examples like 2*. We have written these notes in simple language for Grade 8 and 9
learners. At the end of the notes we discuss some instances where exponential notation can be confusing.

QUICK REFERENCE

Exponent

37 = 3.3.3.3.3.3.3

3 is multiplied by itself 7 times

Power
Five exponential laws Four definitions
1. a™ x q"* = gmtn a™tm = g™ x g" 1. a“"=a.a.a.a.a..a.a ntimes
2 am™ +a*=agm ™" amt =M+ gt 2. a’=1
_ 1 1 _
3. (am)n = gmxn amn = (am)n 3. a ™= a_‘m a_‘m =qm
1 1
4 (ax t)" = a™t" att" = (a x )" 4 = a™ a™ = —m
5 &) =% =0
t/ T tn tn o \¢

Notes
e We have numbered the laws 1 — 5, and the definitions 1 — 4 There is nothing special about the numbering of the
laws. Rather focus on the name/purpose of the law/definition than on the number. Other textbooks may use
different numbers.
e Tips
= Learn to say the laws using words — don’t focus only on the algebraic version of the laws.
= |fyou are having difficulty in remembering or applying the laws, go back to basics, i.e. expand each power
and then cancel like factors. This will help you to make sense of the laws.
= When you first start working with negative exponents (in Grade 9), convert negative exponents to positive
exponents by using the definitions (#2 or #3). Then work with the positive exponents.
e In some textbooks, the authors use the terms index and indices (indices is the plural of index), when referring to
exponents. We do not use those terms in these materials.
e Some textbooks will emphasise the restrictions on bases and exponents even in Grades 8 and 9. We have not
done this except for the restriction that the base cannot be zero in the definitions.
e Assume that all algebraic examples are defined and that no denominators are zero.

Wits Maths Connect Secondary Project 1
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1) What are exponents and powers?

Exponents and powers involve repeated multiplication. Exponential notation provides an efficient mathematical
notation for describing repeated multiplication. Exponential laws provide shortcuts for working with powers and
exponents. Exponential growth describes the growth of things that change by doubling, tripling, halving, etc. like
compound interest and the growth of bacteria.

2) Exponential notation
Look at these 2 examples:

Count the number of 2s
2X2X2X2X%X2 and the number of 3s

3X3%Xx3%Xx3%Xx3%xXx3%Xx3%Xx3%Xx3%x3%x3%x3%x3%x3x%x3
Do you see that it is difficult to read an expression where a number is multiplied by itself many times? It also takes up

a lot of space. To deal with both problems, mathematicians invented exponential notation.

Exponential notation involves a base and an exponent.
There are two examples alongside.

In the first example, the base is 2 and the exponent is 5. P ”
5 The base “holds up” the
In the second example, the base is 3 and the exponent is 15. Z exponent, so 2 holds up 5,
and 3 holds up 15

We write the exponent as a superscript.

The base and exponent together form a power.

We say “2 to the power of 5” or “2 to the exponent 5” or “2 to the 3 1 5
5” which means we are multiplying 2 by itself 5 times and we say

“3 to the power of 15” or “3 to the exponent 15” or “3 to the 15”

which means we are multiplying 3 by itself 15 times.

Multiplication can be thought 42424242 =5x2 2 is added 5 times or
of as repeated addition - we can speak of 5 groups of 2

Exponents can be thought of as

o 2X2X2%x2x2=2° 2 is multiplied by itself 5 times
repeated multiplication

When we use exponential notation in algebra (using letter bases), it will look like this: a* which means a X a X a X a.
We say “a to the four” or “base a to the exponent four” or “a to the power of four”.

We can also work “backwards” sop® meansp X p X pandt’ =t X t X t X t X t X t X t
The exponent tells us how many times the base is multiplied by itself.

Conventions (or accepted ways) in exponential notation
, . . . When you see a dot between
e We don't write the exponent if the exponent is 1. )
two numbers, it means the

1 H 2 _
e.g. m'iswrittenasmandab* =a X b X b numbers are being multiplied.

So 3.4 isthesameas 3 X 4. In

e When working with exponents, we can represent the operation of multiplication SA schools, we use the
using the multiplication sign, a dot or brackets. decimal comma for decimal
0 Using the multiplication sign: a X a X a = a® numbers. So 3,4 represents

Adot (.) can replace the X sign: a.a.a = a®or5x 5% 5% 5 =55.5.5 = 5* the decimal number “three
comma four”.

(o}
0 Brackets can replace the X sign: (g)(g)(g)(g) = g* also 5(4a) = 20a
0 Brackets can also be used for grouping: 3. k. 4. k.k = (3.4)(k.k. k) = 12k3

e Remember that brackets don’t always indicate multiplication e.g. 9 — (2 + 3) tells us to add 2 and 3 before we
subtract the answer (5) from 9. There is no multiplication required.

Wits Maths Connect Secondary Project 2
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3) What kinds of numbers can we use for bases?
According to the definition, we can use any value as a base, except 0. So bases can be natural numbers, integers and

even fractions. Here are some examples:
When the base
4% =444 (—3)2 = (—3)(—3) is negative, it is
important to

O =tdxtxbet (9= (AEDEIEDEDEDED | e

in brackets.

4) What kinds of numbers can we use for exponents?
In Grade 8 we use only whole numbers for exponents, e.g. 23 and p°

. . _ _ . . _ 11
In Grade 9 you are introduced to negative exponents e.g. 273 and p~?, which can be written as 273 = B3 and

p~° = pi‘?' We will explain this later. (See point 9d)

As you can see, a negative exponent doesn’t mean the power will be a negative number.

1 4 2
In Grade 10 you will start to use fractions for the exponent. e.g. pz and m3 and 6 5

5) A note on coefficients of powers

Coefficients are numbers that are multiplied by terms. Sometimes the terms contain algebraic symbols, e.g. 7x.
Sometimes they contain powers with numbers, e.g. 7.23. In both cases, 7 is the coefficient.

The expression 3x2 + 5a — 10a® has three terms which are listed below:

o 3x? : the power is x2, the coefficient of x2 is 3
e b5a : the power is a (it has an exponent of 1), the coefficient of a is 5
e —10a® : the poweris a3, the coefficient is -10.

If no number is written in front of a term, e.g. a*, then the coefficient is positive 1, i.e. a* = 1.a*

We need to be careful when we have coefficients and powers with negative bases.
Example 1: 4 multiplied by —5 squared:  4(—5)? = 4(=5)% = 4(-5)(=5) = 100
Example 2: —4 multiplied by —5 squared: —4(—5)% = (—4)(=5)(=5) = —100

If you are given —52, then you should assume the base If you write —52 but you mean that the base is —5,
is positive and there is a coefficient of —1. then you must write the base in brackets,
ie. =52 = (=1) x 52 = (-=1)(5)(5) = —-25 i.e. (—=5)% = (=5)(-5) =25

6) Why are exponents useful in maths?
Exponential notation (i.e. powers) is useful to write very large and very small numbers in
a notation called scientific notation.
a) Writing very large number using exponents

The mass of the earth is estimated at 5,97 x 10%* kg.

We know that 1024 means 10 multiplied by itself 24 times, so we have:

597 x10x10x10x10x10x10x 10 X 10 X 10 X 10 X 10 X 10 X 10 %

10x10x10x10x10x 10x10x 10 x 10x 10 x 10

We could also write the number as 597 X 10?2 which is 5970 000 000 000 000 000 000 000
This is still a very long number and we have to count the number of zeroes to know the size of the number.
But if we use exponential notation, we can write the number in a shorter way which is also easier to read.

Wits Maths Connect Secondary Project 3
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The average distance from the earth to the sun is estimated at 150 million km.
We can write 150 million as 150 000 000 km.

Using exponents we can write 150 x 10°

We can also write it as 15 X 10 x 10® = 15 x 107

We can even write itas 1,5 X 10 X 10 X 10° = 1,5 x 108 km.

This is called scientific notation (when there is one digit that is not zero before the decimal comma).
Reference: www.universetoday.com

b) Writing very small numbers using negative exponents

The mass of a dust particle is estimated at 0,000 000 000 753 kg.
753
1,000 000 000 000

753 x 10712

We can write this as a common fraction:

3

. 75
Using exponents, we get: — =

In scientific notation the mass of a dust particle is: 7,53 x 10710 Reference: https://brainly.com

c) Using exponents to represent growth
A species of bacteria doubles every ten minutes. How many bacteria will there be after 60 minutes? How
many bacteria will there be after 1 day?

1 bacterium

1 X 2 = 2 bacteria (21)

2 X 2 = 4 bacteria (22)

2 X 2 X 2 = 8 bacteria (2%)

2 X 2% 2 X 2 =16 bacteria ... do you see a pattern?

After 0 minutes:
After 1 period of 10 minutes:
After 2 periods of 10 minutes:
After 3 periods of 10 minutes:
After 4 periods of 10 minutes:
So, after 6 periods of 10 minutes i.e. in 1 hour, there will be 26 = 64 bacteria
After 1 day there will be 24 X 6 periods of doubling: 224%6 = 2144 pacteria (approximately 2,23 x 10*3)

d) Check out this YouTube video on folding paper. They claim you need to fold a piece of paper less than 50

times to cover the distance between the earth and the moon!! https://www.youtube.com/watch?v=AmFMJC45f1Q

7) Like and unlike terms in algebra
In algebra there are two interesting words: like and unlike. Both words are familiar on social media but their meanings

03 03

Unlike terms have different variables or different exponents even if they have the same variables. Here are some

in maths are different to their meanings on social media!!
In maths we use them when we refer to terms. We speak of like terms and unlike terms.

Like terms have the same (i.e. like) variables with the same (i.e. like) exponents for the variables.

examples:
Like terms Notes Unlike terms | Notes
2k + 3k Same variable k, same exponent 1 Sa—17b Two different variables
S5a—a Same variable a, same exponent 1 3+ 3k Term with variable, term with constant
3x2% — x? Same variable x, same exponent 2 3x + 7x2 Same variable but different exponents
5a?b + 2ba? |Same variables and exponents. k3 —x3 Same exponent but different variables
Order of letters doesn’t matter since 7k — 7x Same coefficient but different variables
multiplication is commutative

Wits Maths Connect Secondary Project
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8) Operating on like and unlike terms
a) Adding and subtracting terms

We can add and subtract like terms. We cannot add and subtract unlike terms.

Examples of expressions that can be simplified | Examples of expressions that cannot be
by adding or subtracting because they contain simplified by adding or subtracting because In these materials
like terms: there are no like terms: you will learn about
2a+3a=5a 2a+3b a+4 the exponential
2a%? + a® = 3a? 2a—2b 3a2-3a+3 laws which provide
5k3 — 3k = 2k° 2a -2 5a — 2ab short cuts for
2 2 o2 multiplying and

a*b+ a*b = 2a°b dividing powers.

b) Multiplying terms c) Dividing terms

We can multiply like and unlike terms. We can divide like and unlike terms.

Here are 2 examples: Here are 2 examples:

i) p°xp=(@xpxp)®) =p* ) pS e p? = PR =
i) 3a*h? x 4a’b i) a*b® + a?b = axaxaxaxbxbxb _ 2,2
=12(axaxaxaxaxaxXbxbxb) W abm=ab=—es ¢

= 12a%h3

9) Operating on powers
a) Adding and subtracting powers with bases that have variables
In algebra we can only add and subtract powers if they are like terms, i.e. same variables, same exponents
eg. p?+2p%=1p?+ 2p? = 3p?
3.c3-2.c3*+3d=3c3-2c3+3d =c®+3d
a’b + 7a?b = 8a?b

The like terms all have p?
The like terms that have c3can be added
The like terms all have a?b

We cannot simplify the following because they are not like terms:

a’+a Same bases but different exponents
5a?b — 3ab? Same variables but different exponents
c3+3d Different variables

b) Adding and subtracting powers when bases and exponents are numbers
There are two ways to add and subtract powers when bases are numbers:

i) by adding/subtracting like terms ii) by simplifying each term first
52 4+ 2.52 5% +2.5%
= (1)5% + 2.52 The like terms contain =25+2Xx25=25+50=75

52 and the first term can
be written as (1)52

=3.52=325=75

3.43 — 2.43 = 3(64) — 2(64)
=192 — 128 = 64

3.4%3 —2.43
=1.43=43 =64

Like terms contain 43

Notes for representing numeric powers

e If you are asked to give answers in exponential form, write answers like this: 3. 52; 43
e Ifyou are asked to simplify or evaluate: 43 = 64 or 3.5% = 75
e If the power has a large exponent, e.g. 31%, it is not necessary to simplify further.

Wits Maths Connect Secondary Project 5
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c)

d)

Multiplying powers
Law 1: a™ x a™ = a™t"

When multiplying powers with the same bases, we add the exponents

Example Simplify by expanding Using the law: a™ X a™ = a™*"
42 x 43 = (4.4)(4.4.4) = 16 X 64 = 1 024 = 423 = 45 or 1 024

a? x a® = (a.a)(a.a.a) = a° =a**3=7°

3a® x 4a’® = (34)(a.a)(a.a.a) = 12a° =3x4xa’3=12a°

We can also think about the law “backwards”, i.e. a™*" = a™ x a™
So, from the examples in the table: 45 = 42%3 = 42 x 43 and a® = a?*3 =a? x d®

Of course, we could also “break up” a® as: a**! = a*.a*

Note

o a?xb3#ab?*3 ie a®x b3+ ab®and a® x b® # (ab)®
We can see this by expanding: a? x b3 = a.a.b.b.b = a?b?
but ab® = a.b.b.b.b.b and (ab)® = ab x ab X ab X ab x ab (see Law 4)

e  When working with numerical bases, we do not multiply the bases themselves, i.e. 4% x 43 # 16°
We can see this by evaluating each part: 42 x 43 = 16 X 64 = 1024 but 16° = 1048576

Dividing powers
law2: a™ ~a* =a™ ™"
When dividing powers with the same bases, we subtract the exponents

Example Simplify by expanding Using the law: a™ ~ a™ = a™™"
45 - 42 = radda = f = 4-3 = 45_2 = 43 = 64
44 1
4
36 . az — aa.a.a.a.a — a_ — a4 — a6_2 — a4
aa 1
10a® 10.a.a.aaa _ 5a° _10a5 _ 5 5_3 _ 5a°
4a3 T saae | 2 4a3 2 T2

We can also think about the law “backwards”, i.e. a™ ™ = a™ + a™

. _ 43 _
So, from the examples in the table: 4 = 4372 = -z and a*=a®2%2=q%+a?
5
_ a
Of course, we could also “break up” a* as: a®>~! = -

Note
5
e  When we apply the law for dividing powers, we do not “cancel” the bases, e.g. z—z # 1572

We can show this by expanding all powers. If the bases are numeric, we can expand or evaluate each

45 1024 _ . . 45 _
part: 5 = —— = 64 but 1572 = 13 = 1. So, since 1 is not equal to 64, we conclude that 7 # 15-2,
6
Similarly, Z_Z # 172 as we saw from the expansion above: Z24222 — 44 or 672 = g%,

e We can use laws 1 and 2 together, for example:

. . popZpd . . .
Simplify 3 using laws 1 and 2 and check using expansion.
6,28
Using the laws: PP~ —  ,6+2+8-3-1 — 12 Using expansion: BPPPPPI®D)@EPPPPPPP) _ 12
ne WS 5 p P INg expanst ppp)p P

Wits Maths Connect Secondary Project 6
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A special case that leads to a definition when the exponent is zero

4

. . N o e . a
A very important special case arises when we divide powers with the same base and same exponent, e.g. —

a

4
; ey ; LA _ 44— 0
We can also simplify it using law 2: Z=a =a
4 _axaxaxa _ axaxexe _

We can also simplify it, using expansion and cancelling of like factors: — = = =
a axaxaxa axaxaxa

So now we have 2 different answers to the same problem! The mathematicians who first discovered this concluded
that a® must be the same as 1 and so they created a definition which said that: any base to the power of zero is equal
to 1. However, they soon realised that there might be problems if the base is zero. So they refined the definition as
follows:

Any base (except zero) to the power of zero, is equal to 1
Using mathematical symbols we write: a® = 1 (a # 0)

Thismeans3°=1,(-8)°=1, x°=1

Note

When we defined exponential notation, e.g. p°, we used repeated multiplication. We said the exponent tells
us how many times p is multiplied by itself. But when we have an exponent of zero, e.g. p°, it does not make
sense to say that p is multiplied by itself zero times. We cannot use the idea of repeated multiplication for an
exponent of zero. We must just accept the definition that p°® = 1.

What happens when the exponent in the denominator is larger than the exponent in the numerator?

In Grade 8, learners work mainly with examples where the exponent of the numerator is larger than the exponent of
4 28
the denominator, e.g. % and > Although in these worksheets there are some Grade 8 examples where the exponent

. . x3 25
of the denominator is larger than the exponent of the numerator, e.g. por and 7 In such cases, we expand and cancel
Eanad 1

3

. X
like factors e.g. = = ==,
X v X

In Grade 9, you are expected to apply the law for dividing powers.

25 22222 1

28 22222222 23

5
But, if we apply the law for dividing powers with same bases: ;‘—4 =x3*%=x"1 and Z_S =258 =273

If we expand and cancel like factors like we did in Grade 8: == — = % and

Once again, we have 2 different answers to the same problems! The mathematicians who first discovered this

decided to create another new definition which goes like this: x ™1 = i and 273 =21

23
1 _
and = =273
2
In words we say: Any base with a negative exponent is the same as 1 over that base with a positive exponent. Of

L 1 _
We can also write it “backwards”: 15X 1

1, .
course, the base cannot be zero because s undefined.

Any base (except zero) to the power of negative n, is the same as
1 over the base to the power of positive n.

. . . _ 1
Using mathematical symbols we write: a™™ = p (a + 0)
. L _—_— 1
This extends to another similar definition: —— = a"
_— _ 1. . 1 1 1 n
We start by substituting a™™ = — in the denominator: —=—+=1+—=1X L= gn
an a™m = an 1

Wits Maths Connect Secondary Project 7
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Question Simplify by expanding Using the definition
34 _ 3333 1 1 _ 1| 41 _ 0406 n4-6_ 9-2_1
36 333333 33 32 9 =3 X3_6_3'3 =3 =3 9
a3 — Jereates — i — a3 % i — a3 % a_5 — a3_5 — a_z — i We applled
a5 aaaaa a2 a5 az | L _,m
am
a’ x ab™* _ 2,4 _aaa _da | 5,41 _d and
= T ybby bt | bt T bt a™m = im
a2.a-5 _a _ _aa _ 1 — a2 5 =g3 @
" 45 aaaaa a3
(_5)_2 =1 - ! =1 -t _1 m" =L
T (=52 (-5)(-5) 25 T (=52 25 m
e) Raising a power to a further power
Law 3: (@a™)™ = a™"
When raising a power to a further power, we multiply the exponents
Example Simplify by expanding and applying law 1 Using the law: (a™)" = a™"
=32 x3%2x3%2x3%2=32"2%2%2 =38 = 6561
214 _ (224 — 22X4 _ 28
(39 or 3.3.3.3.3.3.33 = 38 = 6561 = (397 =37 =3" or 6561
_ 3 3 _ 4343 _ 6
332 =a.a =a =a _ 3X2 _ .6
C or (a.a.a).(a.a.a) = a® e =a
= 4x3.4x3. 4x3 = 64x373%3 = 64x°
313 — 43 +3X3 _ 9
(4x%) or (4.x.x.x). (4.x.x.x). (4.x.x. x) = 64x° = 4507 = 6dx
= 4(x3)3 = 4.x3.x3.x3 = 4x373%3 = 44°
3)3 _ 3X3 _ 249
4(x7) or 4(x.x.x). (x.x.x). (x.x.x) = 4x° = 4xT = 4x
We can also think about the law “backwards”, So, from the examples in the table:
i.e. amxn — (am)n 38 — 32><4 — (32)4- or 38 — 34-><2 — (34-)2

and a® = a®3 = (a?)} or a® = a®? = (a3)?

Note

The law for raising a power to a further power is a short-cut. We can show why it works by:

e expanding the “outer” power and then applying law 1. e.g. (a3)? = a3.a3® = a®*3 OR

e we can expand the “inner” power and then count the number of times the base is multiplied by itself.
eg (a.a.a).(a.a.a) = a®

f)  Working with exponents when the base contains a product
Law 4: (a X t)" = a™t"
When the base of a power consists of a product, we apply the exponent to each factor of the product.

Example Simplify by expanding Using the law: (a X t)" = a™t"
2 =(5x3)x(5x3)=15x15=225 2 U a2 _
Gx3) or=5.5x 3.3 = 25 x 9 = 225 = X3 =nmx9=22
(m x n)* =(mxn)x(mxn)x(mxn) X (mxn) = ot
=mmmmxnnnn=m*n* )
(5a)3 = (5a)(5a)(5a) = 5.5.5 X a.a.a = 125a3 =53.a% = 12543

We can also think about the law “backwards”, i.e. a™t™ = (a X t)"
So, from the examples in the table: 52.3%2 = (5.3)? and m*.n* = (mn)*

Wits Maths Connect Secondary Project 8
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Note

e Consider the example: (4ab)3
The base consists of a product of factors. 4ab is the base and its factors are: 4, a and b. The exponent 3
can be applied to each factor so we get 43a3b3.

e This law only applies when the base is a product. It does not apply if the base consists of a sum (or
difference), e.g. (4 + 3)? # 42 + 32, In a similar way (a — b)? # a? — b?

e We apply law 4 when we multiply powers with different bases but the same exponents. Note that we do
not add exponents, e.g. ab3® # (ab)®

e We must use brackets to indicate that the exponent applies to all factors in the base, , e.g. x*y* = (xy)*
We cannot write the answer as xy* because that represents x.y.y.y.y, not x. X. x.X X y.y.y.y

g) Working with exponents when the base is a fraction
a\" o
Law 5: (;) =—

tn

When the base of a power is a fraction, we apply the exponent to the numerator and the denominator.

Example Simplify by expanding Using the law: (%)n = ‘:_:
5\2 5\ (5 55 52 25 52 25
) =(06)=5=-5=5% =5=%
PENG K3\ (k3 k3k®  (kkk)(kkk) Kk k3%2 g6
(Z) - (E) (;) - m?2 = mm = m? = m?2 = m2
503 _ (5a) (5a) (5a\ _ 555xaaa _ 125a° _ (5ay . 12507
%) -GG =20 =5 e O o

n
We can also think about the law “backwards”, i.e. ':—n = (%

52 5)2 kS k3
So, from the examples in the table: 5 = (—) and — = (—)
3 3 m m

Note

. 4a 3
e Consider the example: (7)
It consists of a base which contains a fraction. Also, the numerator contains a product of factors. The

. 4 . .
base is Ta. The factors of the numerator are 4 and a. The exponent 3 can be applied to each factor in the

43q

b3’
e When we apply the law backwards, we create a single power where the base is a fraction.

3
numerator and to the denominator, so we get

h) Examples of all laws with negative exponents

Law Numeric examples Algebraic examples
1 1
1 42X4_3=42_3=4_1=Z azxa_5=a2_5=a‘3=g
4-5 1 26
-5 . 42 _ — A-5-2 _ 24-7 — 6 . —2 _ _~ _ _6+2 _ 8
2 4 + 4 —?—4 =4 —E a” —a —a_z—a =a
(372)* =378 = 318 (@)% =a¥CD =qg6= %
5@t =530=2 5(a%) 7 = 54D =507 = =
4 (Gx3)?=5232=—o5 or Gx)N =12 =15 | (mxm)*=mtn™=—
5\72 572 o1 1 32 9 5a\"3 _ (Ga)? _ b}
5 |() =m=stimmndt=heg 5) =% =wa

Wits Maths Connect Secondary Project 9
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10) What makes exponents and powers confusing?
There are several aspects that make exponents and powers confusing. In this final section we focus on 5 issues:
language, notation, definitions, application of the laws and impact of negative numbers.

a) Language
We use the word power in different ways when referring to exponents. Strictly speaking, power refers to the
base and the exponent, e.g. 3% or x°. But we sometimes say “three to the power of 4” when 4 is actually the
exponent and the power refers to 3%. Similarly, we say “x to the power of 5” when 5 is the exponent.

b) Notation

i)  Choice of letters
The choice of letters in the laws and definitions may be confusing. Consider: a™.a™ = a™*" and
mt.nt = (mn)t. Here m and n are defined as exponents in the first example but they are bases in the
second example. It is important to pay attention to what the letters represent rather than focusing on the
position of the letters. We can choose any letters for the base and the exponent.

ii) Dealing with negative bases
Note that —25 means (—1)(2%). If we want to represent “negative two raised to the exponent 5”, then
we must use brackets as follows: (—2)°

iii) Making sense of the minus symbol
Exponential notation can be confusing, particularly with the minus sign. When we see —7 we treat the
minus symbol as the sign of 7. When we see the algebraic expression, x — 7, we treat the minus symbol
as subtraction. But, in exponents, the minus symbol has a slightly different meaning. When we see 273

the minus symbol does not influence the sign of the number. It tells us to apply the definition for
1

negative powers: 273 = == 8. When we see examples with negative bases and negative exponents,
e.g. (—2)73, it can be tempting to think we are multiplying two negative numbers but this is not the
1 1 1

case. Once again, we apply the definition for negative powers: (—2)73 = 2 T =—3

However, there are indeed times when we treat the negative exponent as a negative number and/or as

subtraction: eg. m>.m 3 =m>*CD =m?2  and (M2 =m 5 =m10

c) Definitions
The definitions can be confusing. When you first learn exponential notation, you are taught that x* means
X.x.x.x, i.e. x multiplied by itself 4 times. This is repeated multiplication. But when we define x° = 1, we
must ignore the idea of repeated multiplication — we do not say that x is multiplied by itself zero times.

5=

Similarly, when we define x~ is, we do not say that x is multiplied by itself negative 5 times. Again, we
X

must ignore the idea of repeated multiplication and just accept the mathematical definition.

d) Laws
Teachers often say that learners use the exponential laws incorrectly. Often this happens because we don’t
pay attention to all aspects of the law.
i) Law 1is often applied incorrectly because we say: “when you multiply bases, you add exponents”. This
can lead to a®. b? = ab® which is incorrect because law 1 only applies to powers with the same base.
ii) Law 4 might cause confusion about same bases because of examples like a3. b3 = (ab)3. Here we write
the bases as a product but we do not add the exponents.

iii) Often we confuse law 1 and law 3: a* x a® = a**3 = a7 but (a*)® = a**3 = q'2. The difference can be
seen clearly if we expand each factor and focus on the repeated multiplication.

iv) Numeric bases cause additional problems: We say: “when you multiply powers with the same bases ...”
e.g. 23 x 2%, but we don’t actually multiply the bases to get the answer. The answer is 2°, not 4°.

Wits Maths Connect Secondary Project 10
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Definition of a®: Worksheet 1 '
0 _

In this worksheet we help you to make sense of the mathematical definition: a” =

We can say “any base to the power of O isequalto 1”. e.g. 3° = 1,50° = 1, b® = 1 etc.
There is one restriction on this definition: the base may not equal zero.

So the full definition is: “any base (except 0) to the power of 0 is equal to 1”

In the notes we explained why this is a definition and not a law.

You will work through 4 sets of examples which will help you to see why we can conclude that “any base (except 0) to the
exponent of 0 is equal to 1”.

Questions

1) This pattern has the rule “divide the question and answer by 2 at every step”.
eg.2*+2=2%and16 +2 =8,s023 =8.
Fill in the blanks.
| 2*=16 | 22=8 | 22=0 | O=2 | 2°=0 |

2) Look at the four questions below. Each question has a numerator of 3%
L 3% Ly 3% L 3% .
i) 3 ii) 7 iii) 3 iv) —
a) What do you notice about the powers in each denominator?
b) Simplify each question by expanding and cancelling.
c) Simplify each question using the law for dividing exponents: a™ = a™ = a™ ™ ™.

3) Look at the four questions below:
) 5—: i) 5—2 ii) 5—: iv) =
a) What is the same in each question?

b) What is different in each question?

c) Simplify each question by expanding and cancelling

d) Simplify each question using the law for dividing exponents: a™ +~ a™ = a™™ ™.
e) Use your answers to Q3c and Q3d to write the answer to Q3iv) in two ways.

4) Look at the whole of Q2 and the whole of Q3:
a) What is the same about them?
b) What is different?

7 7
c) Repeat Q3. Start with % then % and so on, to create the same pattern as in Q3.

Wits Maths Connect Secondary Project
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Definition of a’: Worksheet 1
Answers
Questions Answers
1) This pattern has the rule “divide the question and answer by 2 at every step”. 1)
e.g. 2*+2=2%and 16 + 2 = 8, so 23 = 8. Fill in the blanks. 22=4;21=2;20=1
2% =16 23=8 22=0 ) 20=0
2) Look at the four questions below. Each question has a numerator of 3%, 2) Questions and answers to b) and c)
Lo 3t Lo 3% Lo 3% Ly 3t b) Simplify each question by expanding and cancelling. Answer:
) = i) = i) = iv) =
3 3 3 3
) 3333 333 _ a3 qy 3333 33 _ 4o
Questions and answers to a) and d) ) 3 1 ) =3 =7°
a) What do you notice about the powers in each denominator? i) 3333 _3 _ 31 iv) 3333 _1_ 4
Answer: Powers in the denominators increase by 3! each time. simolif = A 1 el 3f33€:;| ; N,
N i ine t - te:q™ < g = g™
d) Use your answers to Q2b and Q2c to write the answer to Q2iv) in two ways. c) IMPIiTy each question Using the law for dividing exponents:a ¢ ¢
3t o Answer:
Answer.3—4 =1lor i 3 ) 3+1=33 i) 3+2=32 i) 3*+3 =31 jv) 3%+ 4=30
3) Look at the four questions below: 3) Questions and answers to c) and d)
N pe o pe P s c) Simplify each question by expanding and cancelling. Answer:
i) = i) = i) = iv) =
p p p
; i) EBEREPE _PPP _ 3 iy BEEPLD _ PP _ 2
Questions and answers to a), b) and e) ppp 1 p pppp 1P
a) Whatis the same in each question? i PEPPDD _ pl iv) prppPp _ 1
Answer: All are powers of p, and all have a numerator of p®. BppPP pPPPPP 1
b) What is different in each question? d) Simplify each question using the law for dividing exponents: a™ + a™ = a™™™.
Answer: The exponents in the denominators increase by 1 from 3 to 6. Answer:
: 6-3 _ 3 i 6—4 _ 12 G 6-5 _ 1 : 6—6 _ 1,0
e) Use your answers to Q3c and Q3d to write the answer to Q3iv) in two ways. ) p°=p> W) p=p i) p°7=p iv) p°"=p
e p° _
Answer: = 1or = p°
4) Look at the whole of Q2 and the whole of Q3: 4)
a) What is the same about them? a) Constant numerator; in denominators, exponents increase by 1 each time.
b) What is different? b) Q2 has number bases, Q3 has variable bases.
. x7 x7 . . x7 5 x7 4 x7 3 x7 2 x7 1 x7 0
c) Repeat Q3. Start with = then = and so on, to create the same pattern as in c) Finalpattern: 5 =x>;, 5 =x%>=x<=x5S=x,>=1=x
X X X X X X X X

Q3.
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Definition of a®: Worksheet 2

24 6
In Worksheet 1 we discovered that if a power is the same in the numerator and denominator e.g. ot Z_e' then:
24 6
o theresultisl. eg.— = 1; P = and
24 p6
e the result can also be written as: the base to the power of 0 (provided the base is not 0)

5_24—4_20. p_s_ 6—6 — ,,0
e.g.24— = H pé_p =p

Sowecansayl = a’or a® = 1 provided that a # 0.

This worksheet provides more practice to help you understand even better how to use this definition in questions dealing with exponents
and powers.

Questions

1) Fill in the blanks to show that m® = 1 and 3° = 1:

8

8
a) —==m"®=mPand Z5=1som" =
m m
3% o 35 0
b) D_D andD—lsol—D

2) Use the definition of a® = 1 (i.e. any number to the power of zero equals 1) to simplify the following:

a) 7° b) (5)° ) (=5)° d »° e) x.y° f) p*.p°

3) Use the law for dividing powers, a™ + a™ = a™ ™ and the definition of a® = 1 to say whether these
statements are TRUE or FALSE. If FALSE, correct the part on the right of the equals sign.

) C=k b) & =ke 9 =0
4 =1 o) Z=1° H oS=1
4) Simplify the following. Note: The simplest form of a® is 1.
a) % b) s o 222
I o n o2
5) Simplify.
L o
d) 22 e) x0 4 x12 f) 5.a%+5.q0

Wits Maths Connect Secondary Project 1
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Definition of a’: Worksheet 2
Answers
Questions Answers
1) Fillin the blanks to show that m® = 1 and 3° = 1: 1)
m8 _ m8 mé g8 _ o mé _ 0 _
a) ﬁ:'rn‘:‘Bz'nl‘:‘andﬁ:]‘so‘m_uz]‘ a) F—m =m andﬁ—lsom =
5 5 5 5
b) %:Doand%=1so1=go b) %=3°and§—5=1sol=3°
2) Use the definition of a® = 1 (i.e. any number to the power of zero equals 1) to simplify the 2)
following:
a) 7° b) (5)° ¢ (=5)° d) y° e) x.y° f) ptp° a) 1 b) 1 c 1 d) 1 e) «x f) p
3) Use the law for dividing powers, a™ <+ a™ = a™™ " and the definition of a® = 1 to say whether 3)
these statements are TRUE or FALSE. If FALSE, correct the part on the right of the equals sign.
Kk ko K° a) FALSE, k° b) TRUE c) FALSE k° or 1
a) 5= b) 5 =k° o &=
d) TRUE e) FALSE, 5° f)  FALSE, 0
k° 52 _ 40 0 _
d =1 e) z=1 ) =1
4) Simplify the following. Note: The simplest form of a® is 1. 4)
58 58 252324 0 _ 0 _ 0 _
a) = b) e ¢) —5 a) 5= b) 5°=1 c 12°=1
212 x50 3x5.y0 d 12°=1 e) x%y%°=1 f) 3x°
d) 22.210 xS f) .X'O
5) Simplify. 5)
wOx2.x5 n0+3 k.k~1m1® KOm® 1
x7 b n3 ) 16.m16 a) 1 b) 1 ) 16 16
30 1 1
d) —3:5';2 e) x0=+x12 f) 5.a°+5.a° d 5 e f 10
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Definition of a™: Worksheet 1 '

. . . . _ 1
In this worksheet we will help you make sense of the mathematical definition: a™ = e

. . . 1
We will also look at this version: — = a™.

You will work through 3 sets of examples which will help you to see why we can conclude that “a to the power of
negative n is the same as 1 divided by a to the positive n” and “1 divided by a to the negative n is the same as a to the

power of positive n”. Yes, it’s quite difficult to write it in words but much easier to use symbols! Remember that we can use

any letters to show this definition, e.g. m™¢ = % orx %= xiu orp%a =p*

Questions

1) Look at the four questions below, each question has a numerator of 53:
. 53 . 53 . 53 .. 58
i) = ii) = iii) = iv) =

a) Focus on the denominators for each question. What do you notice?
b) Simplify each question by expanding and cancelling.
c) Simplify each question using the rule for diving powers: a™ + a™ = a™™™,

d) Use your answers to Qlb and Qlc to write the answers to Q1iii) and Qliv) in two ways.
6
e) Predict the answer to i_‘?

2) Look at the four questions below:
6 6 6
i) 5—6 i) % ii) % iv) =
a) What is the same in each question?
b) What is different in each question?
c) Simplify each question by expanding and cancelling.
m-—-n

d) Simplify each question using the rule for dividing powers: a™ < a™ = a
e) Use your answers to Q2c and Q2d to write the answers to Q2i) to Q2iv) in two ways.

3)
a) Usethelaw a™ x a™ = a™*™ to simplify 3% x 3%
b) Use the law a™ =+ a™ = a™ ™ to simplify 32 = 3%,
c) Work out the value of 32 =+ 3% using the values for 32 and 3*.

L1,
d) Use your answer to Q3b to write 5in another way.
1
e) Canyoushow that — = an?

Here’s a hint: writel~a™ ™ =1+

Olw
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Definition of a ™ Worksheet 1
Answers
Questions Answers
1) Look at the four questions below, each question has a numerator of 5*: 1) Questions and answers to b) and c)

N5 52 L 52 Ly 5 b) Simplify each question by expanding and cancelling.

i) 5 i) = i) = iv) =

> > > 5 Answer:
Questions and answers to a), d )and e) —55% ssc cec 1 ssc )
. o — — 1 .. o — e o7 — . o _
a) Focus on the denominators for each question. What do you notice? ) —/=7=5 i) =1 i) —=c V) ——=5

Answer: The exponents in the denominators increase by 1 from 2 to 5.

T . . - oMo om — omen
d) Use your answers to Qlb and Qlc to write the answers to Q1liii) and Q1liv) in c) Simplify each question using the rule for diving powers: a™ = a a )

Answer:

3 3
two ways. Answer: Ql1iii) z—4 =§ or 571 Qliv) i—s = 5i2 or572 ) 532=50 jj 533 =50 jj 534=g51 iv) 535 = 5-2
6 6
e) Predict the answer to 5—9 Answer: 5—9 = % or573
5 52 5
2) Look at the four questions below: 2) Questions and answers to c) and d)
i p® i) p® i) p° iv) p° c) Simplify each question by expanding and cancelling.
6 7 8 9
p p p p Answer:
Questions and answers to a), b) and e)
. . . ppppPp _ 1 _ PEDPPD
a) Whatis the same in each question? i) prrrs 1 1 i) PpPPPD D

Answer: Each question involves powers of p,and has a numerator of p°.
b) What is different in each question?
Answer: The exponents in the denominators increase by 1 from 6 to 9.

L . . - om . on_ m-n
e) Use your answers to Q2c and Q2d to write the answers to Q2i) to Q2iv) in d) Simplify each question using the rule for dividing powers: a™ + a™ = a )

two ways. Answer: ALW:Z . . . e , - \
i) poe= i) p¢7=pt i) pSE=p i) ptO=p"
) 1=p° i) L=pt i) L = p2 ) L=p3 ) P p ) p p ) p 2 ) p P
P P P
3) 3) Answers
a) Usethelaw a™ x a™ = a™*™ to simplify 3% x 3*. e) Canyou show that — = a"? a) 3%t =3¢
b) Usethelaw a™ + a™ = a™ ™ to simplify 3% + 3%, R T 1 b) 327% =372
Here’s a hint: write 1 =~ a "=1+E... 5 4 1
c) Work out the value of 32 <+ 3% using the values for 32 and 3*. ) 3*+3'=9+81=
d) Use your answer to Q3b to write % in another way. d) é =32
_ L1
e) 1+a =1+ ey
=1x il a™
1
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Definition of a—™: Worksheet 2 '

- - 1 1
In Worksheet 1 you saw where the definitions: a™ = —and — = a" come from.

. . _ 1 1 . __
This worksheet focuses on usinga™ = p and p a™ together with the laws of exponents and the definition for a®.

Questions

1) Rewrite with positive exponents:

a) 771 b) 47° c) y’ d — e) —

2) Use the laws for multiplying and dividing powers and the definitions to say whether these
statements are TRUE or FALSE. If FALSE, correct the part on the right of the equals sign.

-9 -9

a) mo.m’=m b) 7:19 =m0 c) mzrzl_m_7 =mO d m%m’=
3) Simplify. Write answers with positive exponents.

a) m>.m 12.m b) x8y0 x x6y~6

c) a’b~5c l.ab®.abc™* d) p*x z%
4) Write power with positive exponents.

a) (672)° b) (37)? 0 (@) d) o
5) Group the powers that give the same answer.

a) 47° b) (472)3 c) 472x473

6

d) (m™)? e) (m™ n (5)
6) Negative bases and negative coefficients. Fill in the blanks.

a) (-2)2=(-2).0=0" b) —(=2)% = (-1)(-2).0=0"

o (=2)3=(-2).0.0=0" d —(-2)3=(-1)(-2).0.0=0"

7) Simplify. Write answers with positive exponents.
3\ 72 -3\ 72 —3\72
3 -~ (3) 5 () o - ()

d (@) x—(@?)° e) 5(b)7%x(-2b)7?
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Definition of a™™ Worksheet 2
Answers
Questions Answers
1) Rewrite with positive exponents: 1)
-1 -9 -7 2 3 L X = d 4 3z°
a) 7 b) 4 o y d — &) — a) - b) = o 5 ) x e) 3z
2) Use the laws for multiplying and dividing powers and the definitions to say whether these 2)
statements are TRUE or FALSE. If FALSE, correct the part on the right of the equals sign. a) FALSE,m°or1 b) FALSE, #
—9 -9
a) mPm’=m b)) T5=m ) ——==0 d) m.m’=1 ¢) FALSE, m®or 1 d) TRUE
3) Simplify. Write answers with positive exponents. 3)
-5 .- 5 - 1 9 7
a) mS.mZm™ b) x8y0xxby= ¢ a’bch.ab®abc™* ¢) p*x pzj a) # b) 0 ac_sb d 2p
4) Write powers with positive exponents 4)
1 1 1 1 1
a (6% b)) B3H2 o W@ d 5 a) - b) = ) = d ——=d°
5) Group the powers that give the same answer. 5)
6 _ 1
a) 475 b) (423 ¢ 472x473% d) (mM? e mSl ¢ (%) a)andc): 47°; e) andf): —
6) Negative bases and negative coefficients. Fill in the blanks. 6)
a) (-2)2=(-2).0=0" b) —(-2)2=(-1)(-2).0=0" a) (-2)? b) —(-2)?
— — 94 _ _ 4
o (-2*=(-2).00=0" d —(-2)%=(-1(-2).0.0=0" =(-2).(-2)= 2 =(-1D(-2).(-2)= -2
o (-2)° d —(-2)°
=(-2).(-2).(-2) = -2° = (-1(-2).(-2).(-2)
=23
7) Simplify. Write answers with positive exponents. 7)
-2 _ -2 _ -2 52 52 58
)0 W @ e @) )k S BN
_ _ _ _ _ 1 1 5
d) @) x—(a®)° e) 5(b)7%x (-2b)7 d) —a7*=-- e X T
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19

#superroe o,
PRACTICE IN WORKING WITH POWERS & EXPONENTS Taths
1 fconnect
Worksheet 1.1 a '
This worksheet focuses on multiplying powers with 1 as the coefficient and a maximum of two variables.
Questions
1) Look at x3. Give names for x3; 3 and x.
2) Expand: x°
3) Write as a power:
a) aXaXaxa
b) axbxbxa
4) Fill in the blanks:
a) mé x m3 = m"” e) dé x dé =0 Notice that sometimes the
5 _ .8 numbering goes down, then
b) m3 x mé =m" fl @®x0=a across. Sometimes it, goes
c) r3xrt=07 g) Oxz*=2" across and then down to the
d) h3 x 7 = p10 h) x.x2xx3=0 next row.
5) Write the answers as powers:
a) a3b” x a’b* b) jOk?xj5xk*xj3k®> ¢) a*bxa3h?
d mnxmxn e) ab*x a®b x c*
6)
a) Choose the correct answer for b) Check that your answer for Qb6a is correct by
x2.x3 + x©: substituting x = 2
i) x11 e.x?2.x3+x=(2)2. )%+ (@)°=0
i) x1?
iii) x> +x° c) Choose one of the incorrect answers from Q6a and
iv) 2x!? say why the answer is wrong.
7) Simplify:

a) x°.x%.x*

b) c¢?d” x ¢°d?

c) mnxm3n?pxmxn
d) a®+d3.a®

e) xyz.xyz*
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Worksheet 1.1 a
Answers
Questions Answers
1) Look at x3. Give names for x3;3 and x. 2) Expand x5 1) x3: power, 3:exponent, x:base
3) Write as a power: 2) XXXXXXXXX
a) aXaxaXa 3)
b) axbXxbxa a) a*
b) a?b?
4) Fill in the blanks: 4)
a) méxmd=m" e) d°xd®=n0 a) méxmd=m? e) d°xd®=d"?
b) m3xmé=m" f) a®x0O=ab b) m? xmS =m? f) a°xad=a
3 4 __ 7 4 _ 8
;)) ;3)(7‘7— ?110 ﬁ)) szz —32 o rixrt=r7 g) z*xzt=78
x 0O = x.x2xx3=0
d) h®xh’ =h' h) x.x?xx3=x®
5) Write the answers as powers: 5)
a) a®b’” x a’b* b) jOok?xj° x k* x j3k5 c) a*bxa3b? a) a’b? b) jl*k1! c) a’b?
d mnxmxn e) ab*xa®bh xc* d) m?n? e) a’b>c*
6) 6) d)
a) Choose the correct answer for b) Check that your answer for Q6a is a) iii i) Added exponents,
x2.x3 + x®: correct by substituting x = 2 b) (2)%.(2)+(2)°=4x8+64=096 ignored addition of bases
i)l e xZx3 +x%= (2223 +(2)° =0 c) i) Multiplied exponents of
i) x'? c) Choose one of the incorrect answers ') (2)2 = 2048 first'z' factors, ignored
iii) x° + x° from Q6a and say why the answer is ") (2)°* = 4096 addition of bases
. 11 i) (2)°+(2)¢ =96 iv) Added exponents, added
iv) 2x wrong. , 1
iv) 2(2)** =2(2048) = 4096 unlike terms (to get
coefficient of 2)
7) Simplify: 7)
a) x5.x%.x* b) c?d” x c5d? c) mnxmin’pxmxn a) x11 b) c’d° c) mén*p
d) a®+ad.ad e) xyz.xyz* d) a®+a® e) x%y%z°
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This worksheet focuses on multiplying powers with variable and numerical bases, some of which are not prime numbers.

Questions

1) Are these statements TRUE or FALSE?
a) a’?xa®=a’ d) 3*x3%2=236¢
b) x*xxy3=x*y? e) 3*x32=09°
c) ab X ab = ab? f) 3*x32=38

2) Write down the first six prime numbers. We have started the list. 2; 3

—_—) ) )

3) Fill in the blanks.
a) x®xx5=x0  g) 1310x[°=1315 g Ox2*=25
b) 26x25=20 e) a8 xa® =01 hy mm’xm*=0
0 pOxpz=0['2 6 76x0 =712

4) Match the statement in column A with its partner in column B:

Column A Column B

a) a® i) a+3

b) 3a i) 573

c) 3+a iii) 572

d) 572x5 iv) aXxaxa
v) at+a+a

5)
a) Write 2 X 3 X 2 X 3 as powers in as many ways as you can. Bases do not have to all be prime
numbers.
b) What are the different ways of writing 3 X b X 3 X b as a power?

4) Simplify and write your answers as powers with prime number bases: e.g. 8 = 2 x 2 x 2 = 23
a) 7*x5*x78x58 b) 8x 27 x2° ) 9x4x3%8x3x2

6) Simplify and write as powers with prime bases:
a) abc® x ab3c x a3bc
b) m?p> x n3 x p® x n?m3
c) 9%x32x3
d) x8y7 x x* + y12
e) 5%*x 731 x5 x7
f) 73471 %x35%x7°
g) x%y3 x x3y7 x x2y7
h) jk X j%k X jk? x j?
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Answers
Questions Answers
1) Are these statements TRUE or FALSE? 1)
a) a’xa®=ad° d) 3*x32=3° a) True d) True
b) x*xxy3 =x*y3 e) 3*x32=09° b) False e) False
c) ab xab = ab? f) 3*x32=38 c) False f) False
2) Write down the first six prime numbers. We have started the list. 2;3; __;__ ;_ ; 2) 2;3;5;7;11;13
3) Fillin the blanks. 3)
a) x®xx%=xU d) 131°x[°=1315 g Ox2*=2° a) x®xx5=x11 d) 13°x135=13"% g 2x2%=2°
b) 26x25 =20 e) a®xa®=0 h) mm®xm*=0 b) 26x25 =21 e) a®xa®=al® h) m.m®xm*=m*
o pxp?=0 f) 76x =712 o) pl°xp?=p?? f) 76x76 =712
4) Match the statement in column A 4)
with its partner in column B: C°'““"‘3A Column B a) iv
Z; ga :|)) (;7-: ’ b) v
o 3+a iii) 572 c) i
d  52%x5 iv) axaxXa d) i
v) a+a+a
5) 5)
a) Write 2 X 3 X 2 X 3 as powers in as many ways as you can. Bases do not have to all be prime numbers. a) Many possibilities,
b) What are the different ways of writing 3 X b X 3 X b as a power? e.g. 2% x 3% 6% (2 x3)%36%; 12! x 3%;4! x 32
b) 32b2;9b?; (3b)?
6) Simplify and write your answers as powers with prime number bases: e.g. 8 =2 x 2 x 2 = 23 6)
a) 7*x5%*x78x58 b) 8x27 x2° c) 9x4x3%x3x2 a) 7% x 512 b) 23 x 212 =215
) 32x22x39%x2=2%x31
7) Simplify and write as powers with prime bases: 7)
a) abc® xab3c x a®bc e) 5*x 731 x58x7 a) a’b5c® e) 57 x 732
b) m?p5 xndxp®xn?m® ) 7P+71x3°x75 b) m°nSpt f) 734716 x 35
c) 9*x32x3 g) x%y3 x x3y7 x x2y7 ) 3 g xyl?
d) x8y7 x x*+y? h) jk X j2k X jk? X j? d) x12y7 4 y12 h) jok*
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This worksheet focuses on multiplying powers with variable and numerical bases having positive or negative coefficients.

Questions
1)
a) Which of these is the same as x2 X x”?
i) x2x7 i) x2t7 i) 2x2*7
b) Which of these are NOT the sameas 3 X5 X 3 X 5?
i) 32x5% i) 352 iii) 152 iv) (3 x5)2

2) Fillin the blanks:
a) 2xaxa=2a" d) 3xax3xaxa=39qH
b) 3xxXxxXxxx=OxH e) xXxXx5x5x5x5=01
¢) bxbx2xbxbxb=0Op"

3) Fill in the blanks:
a) 12x0Ox0Ox0Ox0=12a* d) 4ax=12a*
b) 2xOxaxOxOxO=12a* e Ox2a%=12a*
o) O x3xa*=12a*

4) Simplify:
a) 3m? x2p* d) —15m®n? x 2mn x n'3
b) 5x7 x 3y12 x 2x1'° e) —6a’ x 4b® x (—2ab?)

c) 4q?s8 x qr x 11qs?

5)
a) Simplify 4a3 + 3a®
b) Simplify 4a® x 3a3
c) Arethe answers to Q5a and Q5b the same?
d) Justify your answer for Q5c by substituting:
i) a=1
i) a=2

6) Simplify:
a) 2x X 2x X 2x
b) —3a'? x a®h®
c) 5m3 x (=4m’n°) x (—mn)
d —tx—6t"u?x (—10t°u)

1
e) Exs x 8x3
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Questions Answers
1) 1)
a) Which of these is the same as x2 x x7? a) iii
i) x27 i) x2t7 i) 2x2%7 b) onlyii
b) Which of these are NOT the sameas 3 X 5 X 3 X 5?
i) 32x5% i) 352 iii) 152 iv) (3 x5)?
2) Fillin the blanks: 2)
a) 2xaxa=2qY d) 3xax3xaxa=3Hg0 a) 2a? d) 3%a®
b) 3xxxXxxXxxx=[xH e) xXxX5x5x5x5=[ b) 3x* e) 5*x% or 625x?
¢) bxbx2xbxbxb=[pd o 2b°
3) Fillin the blanks: 3)
a) 12x0Ox0Ox0Ox0O=12a* d) 4ax=12a* a) 12x axaxaxa=12a* d) 4ax3a?®=12q*
b) 2xOxaxOxOxO=12a* e Ox2a®=12a* b) 2x6xaxaxaxa=12a* e) 6a?x2qa%=12q*
c) 0" x 3 x a* = 12a* c) 2%2x3xa*=12a*
4) Simplify: 4)
a) 3m? x 2p* d) —15m®n? x 2mn x n'3 a) 6m?p* d) —30m°n'®
b) 5x7 x 3y2 x 2x15 e) —6a’ x 4b° x (—2ab?) b) 30x22y12 e) 48a'%p'?
c) 4q?s® x qr x 11gs? c) 44qirst®
5) 5)
a) Simplify 4a® + 3a3 d) Justify your answer for Q5c a) 7a® d) Fora=1 Fora = 2
b) Simplify 4a® x 3a® by substituting: a) 43 +3(37(W)3% =7 a) 4(2)3+3(2)2 =7(2)*=56
c) Arethe answers to Q5a and Q5b the ii) a=1 b) 4(1)3 x3(1)3 b) 4(2)3 x3(2)3
same? iii) a=2 =12(1)¢ =12 =12(2)% = 768
b) 12a® Therefore answer to Q5a # Q5b
c) No
6) Simplify: 6)
a) 2x X 2x X 2x d) —tx—6t7u?x (—=10t5u) a) 8x3 d) —60t13u3
b) —3a'? X a®h" e) 1x5x8x3 b) —3a'®h® e) 4x8
2 c) 20miinlo
c) 5m3 x (—4m’n®) x (—mn)
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This worksheet focuses on multiplying powers having negative exponents, coefficients of 1 and a maximum of three variables.

Questions
1) Writing a~™ with a positive exponent. Fill in the blanks.
0 O
inza—:ao_”:al:| 1 = Ti:lxa_:a':]
a® O . and a™™ a" 1
So,a™" =g S0, —; = a”
2) Rewrite the following powers with positive exponents:
a) x7° b) p~2 c) k=° d) m~100
3) Fill in the blanks:
1 _ O 1 _ - -8 _
a) —=m b) x—,:,—x10 ¢) r’xr8=0
d) h™13.pH =pt0 e) dixd'? =473 f) a7’ xO=a’
4) Fill in the blanks:
a) a®>x0O=a3
b) a®*xO=a3
c) Oxa=a3
d Ox==q3
a
5) What can you put in the boxes to make the statement [1 x [1 = a~3 true?
You must choose powers that have:
a) two negative exponents
b) zero as one of the exponents
c) atleast one positive exponent
6) Fill in the blanks:
a) x6.x7¢=0 by OxO=y"=1 c) #xm']:l
d) mEnH xmBnt =1 e) x’y " xx?y=0 f) ab3xO=ad
7) Simplify: Notice that sometimes the
a) m®. m-12. mt numbering goes down, then

6 6 6 —6 across. Sometimes it, goes across
b) x7°y®> xXx°y and then down to the next row.

c) a’b~3c¢ . ab5.abc

1
d) p4XF
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Answers
Questions Answers
1) Writing a™™ with a positive exponent. Fill in the blanks. 1)
0 o 0 1 1 at
in—a_zao—nza':' iz _izlxa_zaﬂ inza—nzao‘”za_" —=1+—=1X—=a"
a o 1 and a" an a a ) and a-" ) an
-n _ -n _—
So, a =0 So, én — al:l So, a p So, — = n
2) Rewrite the following powers with positive exponents: 2)
-5 -9 -100 1 1 1 1
a) X b) p C) k d) m a) F b) p_z C) k_9 d) 77100
3) Fill in the blanks: 3)
1 1 — — —
a) E=mI:| b) x_szlo o r’xr8=0 a) #zm(’ b) ﬁz -10 o) r7xr'8=r'10r%
d) h_13.hD = 10 e) dD x dl2 = 43 f) a’"xO=a"?° d) h—13 p23 = p10 e) d—15 x dl2 =473 f) a7 x a—Z =qa°

4) Fill in the blanks: 5) What can you put in the boxes to make the | 4) 5) Many possibilities, examples shown below
a) a®xO=a3 statement O X [0 = a™3 true? a) a® a) a?xal=a>3
a*xO=a" ou must choose powers that have: a a®xa3=a
b) Sx O 3 Y tch p that h b) a? b) a®xa3=aqa3
¢) Oxa=a3 a) two negative exponents ) a* c) eg a*xa®=a3 a'xat=qa3
d) Oxi=gq3 b) zero as one of the exponents d) a?
¢ c) atleast one positive exponent
6) Fillin the blanks: 6)
a) xt.x =0 by OxO=y"=1 0 —sxmP=1 a) x%orl
0o 0o . , " , , b) Exponents must be additive inverses, e.g. y~3 X y3 or y®> X y >
d) mPnH xmHnt =1 e) x2y 7" xx2y=0 f) ab®*x0=a c) Exponents must be the same, e.g. # xm? =1 or# x m™3
d) Exponents must be additive inverses, e.g. m?>n~3 x m™?n3 or m™*n® x m*n=5
e) x2y " xx2y=1y7°
f) ab®xa?b3 =43
7) Simplify: 7)
a) m?.m™12 m* b) x76y® x xby~© a) mt b) 1orx%y°
1 9
c) a’b B¢ t.ab®. abc d) p*x = c) a9b‘7or% d) p°
Wits Maths Connect Secondary Project 2
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This worksheet focuses multiplying powers with variable and numerical bases, negative exponents, and making bases prime numbers. Up
to 3 variables are used.

Questions

1) Write TRUE or FALSE for each statement:

a) x*xx?=x5
b) x*xx7%=x>
c) mOmi®=m
d) m=10.m10 = mO
el mOml0=0
f) m10mi%=1

2) Simplify and write all answers with positive exponents:

a) a®xa? b) (p)~13.(p)*? c) mn'” xm™1%n

3) Simplify and give your answers with positive exponents and prime bases:
a) 58x57°° b) 8 1% x 8’ c) 976x9715

4) Which of the following represents 273 x 3727
11 1

a) (2)(3)_5 b) =X= C) m

X5 d) 675 e) —

5) Each of the statements in the box below has an error.
A. 5% x 5% =256

B. ab.ab = ab?
C. ab + ab = (ab)?
D. 73x73=7
E. 3*x =3

a) Explain the error in each statement.
b) Change the part on the right side of the equal sign to make the statement true.

6) Simplify and give your answers with positive exponents and prime bases:
a) woxy® x77. w12y

b) (xyz)°.x Sy*

c) 52x5*%x58

d 4 °x20x8

e) x 124 x3.x°

f) km.km™1°

g) (n°)%n7°
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Questions Answers
1) Write TRUE or FALSE for each statement: 1)
a) x*xxP=x7° b) x*xx°=x° c) mPOmi®=m a) True b) False c) False
d) m0.mi0=mo e) m10.ml%=0 f) mPom®=1 d) True e) False f) True
2) Simplify and write all answers with positive exponents: 2)
a) a®xat b) (p) 3. (p)*? c) mn' xmn a) a’ b) = <) "_Z
p m
3) Simplify and give your answers with positive exponents and prime bases: 3)
8 -6 -14 7 -6 -15 2 _ 1 1 1 _ 1 1 1
a) 5°x5 b) 87 x8 ) 97°%9 a) 5 b) 87=§=(23)7=2? c) 921:92_1:(32)2123,7
4)  Which of the following represents 273 x 372? 4) b,cand e. They all equal %
-5 RNV 1 -5 X
a) (2x3) b) Rl c) 37 d 6 e) P
5) Each of the statements in the box below has an error. 5)
A. 5*x5%2=25° a) Explanation of error b) Change made
B. ab.ab = ab? A. 5%x 52 =256 Multiplied bases 56
C. ab+ab=(ab)? B. ab.ab = ab? Did not add exponents of a a’h?
D 73x73=7 C. ab +ab = (ab)? | Adding bases not multiplying 2ab
E. 3*x—=3! D. 73x73=7 Anything with an exponent of 0 is 1 70 — 1
. =
4 31 Treated tsas4—3=1 4% 33 =37
a) Explain the error in each statement. E. 3%X 3-3 3 reated exponents as 3" x3 3
b) Change the part on the right-side of the equal sign to make the statement true.
6) Simplify and give your answers with positive exponents and prime bases: 6)
a) w_:xylz.x_7.w‘12y b) (x;llf)o.x:);‘* 572x 574 x 578 a) xg:m b) z_: 0 5= 514
T x 26 x - .
d) 47" x2"x8 XA anx d) (22)76 x 26 x 23 e) x12 x x12 0 kemeis = X
g (n%%n~® 1 _ .0 _ mo = s
=2712x29 =23 = =x=1
23
_ 1 1
g) n'xnt=1x—=—
2
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This worksheet focuses on multiplying powers with negative and fraction coefficients, and negative and positive numerical exponents.

Questions
1) Match the statement in column A with the correct answer in column B.
If there is no matching statement in column B, you must provide the correct statement.

Column A Column B
a) 2(5m) I
5m
b) MG +2) 1) 10m
c) (5m)? o 5
d) 5m-1 i)
iv) 25m?
v) 10+2m

2) Fillin the blanks:
a) 2xk2xk™l=2kH
b) n2x3xn"2xnxn®=0n"
c) 3xpx32xp3=3pH
d ¢9x8xc2xcx4=0cH
e) sTIxsIx10x10x10=0

3) Fill in the blanks. Use positive or negative exponents.
a) 12x0Ox0Ox0Ox0O=12t"*
b) %xDx%xDxDxD=12t‘4
o) OPFx3xOxtP=—-12t*
d 12t xO=-12t7*
e) Ox (=2t?)=-12t"*

4) Simplify and write answers with positive exponents:
a) 372x33
b) 3%2x373
o) 5p°(=3r®)(-2)p~°
d) 5p°(=3r")(-2)p~?

5) Simplify and give your answers with positive exponents and prime bases:
a) —2bx2b73
b) —8n~8.16mn'®(—2mn=?)
c) —3b73.3p7190 3qp3
d) X
e) —9x8y2.3xy 3.y72

f) 0,5x73y3 x

6
XX
2-1x3y3

g) %x—soyso_ 25x50y‘5°
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Answers
Questions Answers
1) Match the statement in column A with Column A Column B 1)
the correct answer in column B. If there a) 2(5m) ) = a) i
is no matching statement in column B, b) m(5+2) i) i’gm b) No matching statement, 5m + 2
you must provide the correct statement c) (5m)? iy S c) iv
d sm7! " d) i
iv) 25m?
v) 10+4+2m
2) Fill in the blanks: 2)
a) 2xk?xk™! b) n2x3xn2xnxnd c) 3xpx3txps a) 2xk*xk™! b) n2x3xn2xnxn° c) 3xpx32xps
d cx8xc2xcx4 e) s1xs1x10x10x10 d) cx8xc2xcx4 e) s7!xs71x10x10x 10
=0OcY =0 =321 = 1000572 or 103572
3) Fill in the blanks. Use positive or negative exponents. 3)
a) 12xUxUOxDOxDO=12t"* d) 12tx[=-12¢t* a) 12xtixtIxttxt™l=12t"* orsubs % d) 12t x —tis =12t
b) xOx:xOxOxO=12t7* e) Ox(-2t?) = —12¢7* . L1 11 .
- b) =X24xX-X-X-x-=12t"* e) —=x(—-2t?) =-12t"*
o0 O x3xOxtB=—-12¢* 2 Lottt ¢
c) Many possibilities, e.g. t7® x 3 x —4 x t2 = —12t~*
4) Simplify and write answers with positive exponents. 4)
a) 372x33 b) 3%2x373 a) 38 ) 371= il c) 30p°r° =30 d) 30p3r® =30p3
0 5pO(=3r')(-2)p™®  d) S5p(-3r®)(-2)p~ ’
5) Simplify and give your answers with positive exponents and prime bases: 5)
a) —2bx2b73 b) —8n78. 16mn'®(—2mn~?) a) —22p2= _Z_z b) 162m?n® = (2%)?m2n® = 28m?nb
_ _ -3, -3 3 _
¢) —3b77.3b7%%.3ab’ d =x= e) —9x°y%.3xyT.y~? ) —33ab~100 = _3% d) —-35x(-3)x4? e) —3%x%y%.3xy~°
100
f) 05x73y? x———==x%xx° g 2 x~501/50 25505,-50 b = —3°x (2%) 3. 9. _3 3%x°
27 x2y 5 _ 6 6 = —-3°x = —
=-3°%2 y3
1y%  2x®  2x%y% 50x%y°0 _
f) 205 X 3357 = 2xby3 gl ——=10=2X%5
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Worksheet 2.1 a
This worksheet focuses on dividing powers where bases have a maximum of two variables. Answers have exponents in the numerator, or
denominator or both.

Questions
1)

5 5
a) Expand % and then cancel like factors to show that % = x?

b) Write your own question that will give an answer m® when two powers are divided.

1.
c) Show that is the same as a® + a®.
a.a.a.a.a

. . xb
2) Choose the correct next step to simplify ey
a) X6+2 b) x6—2 C) x6+2 d) X6X2
3) Fill in the blanks:
a) x*xxH=x° b) x°+0 =x3 o) x*y?+x3=0y?

4) Look at the six questions in the table:

Column A | ColumnB | ColumnC
4 9 6
Rowl | i) & i) i) %
. a3 a® . a?®
Row 2 |iv) = v) = vi) —

a) What is the same, and what is different in the questions in:

i) Row 1and Row 2

ii) Column A, Column B and Column C
b) Predict which questions will have 1 in the numerator of the answer. Why will this happen?
c) Predict which questions will have 1 in the denominator of the answer. Why will this happen?
d) Simplify each question by expanding and cancelling the like factors.
e) Predict the answers to:

i) =

i —

i)

f)  Now expand and cancel like factors to check if your predictions were correct.

5) Simplify:
d? c’ x2.x® y°a3
a) ” b) = c) e d) et
m3n? m3n2.mn* y3.a3.ay* 6 . .3 3
e) n f) W g) 77 a8 h) X" =X —X
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Questions Answers
1) 1)
5 . . . . X.X X% _ 2
a) Expand i_S and then cancel like b)  Write your 0\;\/n question that will give a) ——=x
factors to show that = = x2 :n _adns(\j/ver m*> when two powers are b) Many possibilities. Exponent of numerator must be 3 bigger than exponent of
= ivided. 7
x denominator and base must be m, e.g. m—4 = BRARMBMM _ 13
1 . 1. .6 m AR
c) Show that isthesameasa +~a a al 1 a at
a.a.a.a.a C) - == o0r Z =
aaaaaa a® aaaaa  a a®
. oo x® 2)
2) Choose the correct next step to simplify =
. Next step: b) x62
a) «x6+2 b) x62 ) x672 d) x6%2 p: b)
3) Fillin the blanks: 3)
a) x*xxH=x° b) x°+0=x3 c) x*y?=+x3=0y? a) x*xx®=x° b) x°%=+x®=x3 c) x*y? +x3 = xy?
4) Look at the six questions in the table: 4)
ColumnA | ColumnB | ColumnC a)
Rowl | i) a* i) a® i) ab i) All bases are a. Different powers in different columns. In row 1, higher exponent is
a® a’ a? in numerator. In row 2, higher exponent is in denominator.
Row?2 | a3 as . a? ii)  In each column, the powers are the same but numerators and denominators are
ow iv) — v) = vii)  —
a @ a swopped around.
b) The items in row 2 will have 1 in numerator. The factors in the numerator will cancel
a) Whatis the same, and what is different in the questions in: . . .
since the degree of the denominator is bigger.
i) Row land Row 2 i)~ Column A, Column B and Column C c) Theitems in row 1 will have 1 in denominator. The factors in the denominator will
b) Predict which questions will have 1 in the numerator of the answer. Why will this happen? cancel since the degree of the numerator is bigger.
c) Predict which questions will have 1 in the denominator of the answer. Why will this d)
happen? i aeaa _a ) Goceeesse at aaaaeaa _ a*
d) Simplify each question by expanding and cancelling the like factors. aaa 1 i eaasa 1 i) =7
e) Predict the answers to: i) K2 i) ks i) k. k? ) ) e .
K7 K3 K8 iv) =- v) = — vi) = =—
a a &a-a-a-a-a.a.a.a a a&a-a-a.a.a a
f)  Now expand and cancel like factors to check if your predictions were correct. ) a
e) an
. Feke 1 kkk.k.k Kkt keteke
) e = i) ik k? i) ekddekk 1
5) Simplify: 5)
d_Z C_7 XZ.XG y9a3 4 5 y_Z
a) 7 b) = c) p d) v a) d b) ¢ ¢ x d) ”
m3n? m3nZmn* y3.aday* 6 . .3 3 m? S 3_,3_
e) e f) W g) W h) X +—Xx° —X e) mn f) nZ g) a* h) X X 0
Wits Maths Connect Secondary Project 2
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This worksheet focuses on dividing powers with variable and numerical bases, with exponents of zero, and with exponents that that are

#superPons
PRACTICE IN WORKING WITH POWERS & EXPONENTS

larger in the denominator than in the numerator.

Questions

7
1) Which of the following is the correct solution to % ?

a) b) 12 ¢ 0% d) 375 e) 32
2) Fill in the blanks:
sy _ e, —
a) =z 5 y = Ol
26n% 2604 0
b) 41n4 = 20p4 = I:' = I:'
) 8al _a
© 2+ Tg
27 O
d 55 T
3) Look at the three questions below:
43x2
i) = Ly 64x% Lo 28x2
42x i) 16x5 ii) 24x5

a) Simplify all 3 questions.
b) Why do they give the same answer?

4) Match the questions with the answers. Each question has only one correct answer.

Questions Answers
6 . .
a) 138:2 i) 2 vi) 3
b) 6a* -+ 3a? i) 2a* vii) 3a*
q & iii) 2a? viii) - 3a?
3a%
d) 6a*—3a* iv) 15a* iX) 18a?
e) 6a*x 3a? v) 6a* X) 18a®
5) Simplify:
em*n s5m3n? 2m?*n 2n*m?
a) 2m3n b) 10nm* C) 8ntm?2 d) 6ntml
25n*m3 7m*n? 212 3 23,2 . 3
e) pE—— f) rv— g) 3¢b=.3b h) 34b“+3b

Wits Maths Connect Secondary Project
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Answers
Questions Answers
7 H . 2
1) Which of the following is the correct solution to 2—5? 1) Correct solution: e) 3
a) g b) 12 ¢ o5 d) 375 e 32
2) Fillin the blanks: 2)
sty Lo 26nt 260 8al _a 27 _ 0O sty _ 26nt _ 26n% _ 8a a 27 _ 3
a) 52 57y =0 b) 41nt ~ 20pt <) P d) 9p3 b3 a) 52 5%y =25y b) 41nt  22pt 2t=16 2t T 2 d 9p% b3
=0 =0
3) Look at the three questions below: 3)
% — L eax? i) 2652 a) Simplify all3 questions. a) All have same answer: ;—3
4°x — == 11 2.5 . 2
rex 2 b) Why do they give the same answer? b) The numbers all reduce to 4, the letters reduce toxi3
4) Match Column A with Column B. Each question has only one correct answer. 4)
Questions Answers Questions Answers
18a° i) 2 vi) 3 18a° 4
a) a7 ) ) a) 2 v) 6a
b) 6a* =+ 3a? i) 2a* vii) 3a* b) 6a* + 3a? iii) 2a?
6a* i) 2a? vii) 3a? ga® i
c) s i) ) c) - i) 2
d) 6a*—3a* iv) 15a* ix) 18a? d) 6a*-—3a* vii) 3a*
e) 6a*x 3a? v) 6a* x) 18a® e) 6a*x 3a’ x) 18a®
5) Simplify: 5)
6m*n sm3n2 2min 2n*m?t n 2
a) 2m3n b) 10nm* <) 8n4m2 d) 6ntml a) 3m b) 2m c) ;n? d 3
26n%m3 7m*n? 212 953 212 . 253
©) ot 0 w8 370R30T 0 h) 3HT3b e 2 H o g 27b° h 2
m 3m b
Wits Maths Connect Secondary Project 2
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Worksheet 2.1 ¢

This worksheet focuses on dividing powers having exponents of zero.

Questions

1) Choose TRUE or FALSE for each statement. If FALSE, correct the part on the right of the equal sign.

4 3

) X _x

A Ty
24x? 1

b) 2x4 ;

c) 3b%.3b% =b

d) 3b2+3b2=1

2) Fill in the blanks:

X7_ 4
a) 5 =X
o 1
b) 7=1
x7 O
c) =X

3) Look at the four questions below:
. b* ., b* ... b* .
i) - = ii) i iii) Pl iv) — =
a) What is the same in each question?
b) What is different in each question?
c) Simplify all the questions by expanding and cancelling.
d) Write the answer to Q3iv) as a power.

e) Use your answers to Q3c and Q3d to write the answer to Q3iv) in two ways.

4) Using the law for dividing powers, fill in the blanks:
5

x
a) ;=xD=D
24a3 3
b) =5 =0Ua
5) Simplify:
) ytx3 b) a’y? g 2540y ) 9a’y5 o) 5a2y5
y0x0 7y2a 22a3y 32yq? 15y9a’
f) 6%y7a? ) 3y7at h) 36a%b3 L an*md i) n%.8n*ms3
6y7a® & 9y°%a3 6a2p0 i) 41nmO ) n%n3mo

Wits Maths Connect Secondary Project
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Worksheet 2.1 c
Answers
Questions Answers
1) Choose TRUE or FALSE for each statement. If FALSE, correct the part on the right of 1)
the equal sign. a) TRUE
4 3 4,2 8
a) =5 b EE=1 ¢ 3p23p2=b d) 3p2+3b’=1 b) FALSE,
xy® 3 2x*  x
c) FALSE, 9b*
d) TRUE
2) Fill in the blanks: 2)
x7 D_l x7_ [m] x7_4 xz_l x7_ 0
a) F=x" b) 5= ) S=x a) F=x b) S == o S=x
3) Look at the four questions below: 3)
i bt _ i) bt _ ii) bt _ iv) bt _ a) All bases are b, all numerators have exponent of 4. Exponents of the
b b2 b3 b* .
denominators are less than or equal to 4.
a) What is the same in each question? b) Exponents of the denominators are different.
b) What is different in each question? <)
. bbbb _ ,3 .. bbbb ., .. bbbb .\ bbbb
c) Simplify all the questions by expanding and cancelling. ) ——=b> i) ——==b" i) ——=b v ——=1
d) Write the answer to Q3iv) as a power. d) b°
e) Use your answers to Q3c and Q3d to write the answer to Q3iv) in two ways. e) b%or1
4) Using the law for dividing powers, fill in the blanks: 4)
¥ _ .0 2%a® _ — 3 X5 _ 5.5 __ 0_ 2*a® _ 3
a) F=x =0 b) =5 ="Ua a) z=x"or=x" =1 b) —5- = 16a
5) Simplify: 5)
y4x3 a’y? 25a% 9a’y5 5a2y5 3.4 a_6 8 5.4 i
a) oo b) 2 ) T, d 5 &) o0 a) x’y b) = <) d) a’y e) ;5
62y7a2 3y7al 36a2h3 . antm3 . n9.8n4m3 6 v’ 3 ; 3.4 ; 3
f) 6y7a5 g) _9y0a3 h) m I) m J) m f) a3 g) 302 h) 6b |) mn J) 8m°n
Wits Maths Connect Secondary Project 2
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Worksheet 2.2 a '

This worksheet focuses on dividing powers having negative exponents, coefficients of 1 and a maximum of two variables.

Questions

1) Rewrite without a denominator:

al b 1 d—2e-3

b) -5 o - d) —,

a);

2) Fillin the blanks and give answers with positive exponents:

2
a _ 2-0_ 1
a) a=a P
a® O
b) ==a°%==
) al O

3) Fiona remembers her teacher saying “when you divide powers, you subtract the exponents”.

m* m* % m
as follows: — = =—
né né n n
a) What has Fiona done wrong?

b) Fiona has ignored an important part of the law for dividing powers. What has she ignored?

4
Fiona simplified L

4) Rewrite with positive exponents:
X x xy~3
5) y-3 F 7) 5

5) Fill in the blanks:

P _ -4
a) L=p
p®P_ 1
b) T =

c) You should get the same answer for Q5a and Q5b. Explain why.

6) Rewrite without a denominator:
d d° ds a3 a3
a) F b) F C) F

7) Simplify, give answers with positive exponents:

m*m5

a) —

m*

b)

m-Sn*

mn. mn

<) m4n2

d) m.n.n?

e)

f)

Wits Maths Connect Secondary Project 1
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Worksheet 2.2 a
Answers
Questions Answers
1) Rewrite without a denominator: 1)
a? b da~%e”? -2 -5 -1 -3,-4
a) = b) s c) - d) — a) a b) b c c d d’e
2) Fill in the blanks and give answers with positive exponents: 2)
a? _ 1 a® _ O _ o a? _ .4 1 a® 1 8 _ —7_1
a) ;=aZD=a—D b) a_E‘=a6=E ¢) ada=a"=0 a) ;—az‘*—a—z b) m—aﬁ—; o afa=a’ ==
3) Fiona remembers her teacher saying “when you divide powers, you subtract the 3)
exponents”. a) Fiona subtracted the exponents of different bases.
Fiona simplified m_: as follows: m_: _mt_m? b) “When you divide powers with the same bases, you subtract the exponents.”
n n n n . . .
a) What has Fiona done wrong? The underlined part is what she has ignored.
b) Fiona hasignored an important part of the law for dividing powers. What has
she ignored?
4) Rewrite with positive exponents: 4)
X -3 -3 y5 1
a) 5 b) 1= 0 2 %y’ b 5 )
5) Fillin the blanks: 5)
a) P _ pt b) > _ 1 ) Youshould get the same answer for Q5a a) P’ _ p~ b) P_1 c) pt= % both represent the
H o and Q5b. Explain wh P vt P
- EXP v same result.
6) Rewrite without a denominator: 6)
d a® at a3 a3 a) d3 b) d™* c) a7 d) d™° e) d3
7) Simplify, give answers with positive exponents: 7)
9 1 2
m*m5 m* mn. mn mmnn? a) m' b) 7_:—4 c) =) d) mT
a) m_6 b) m_sln4 ) m4n2 d) m_1n4 2
-1 m-1 e) 2m f) m
e) m_2+m f) m—me
Wits Maths Connect Secondary Project 2
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Worksheet 2.2 b '

This worksheet focuses on dividing powers having negative exponents, numerical and variable bases, and positive coefficients.

Questions

1) TRUE or FALSE? If FALSE, say why.

a*t _ a-6
a) E_d
43 1
o) w5
3° _ 18-2
b) 3—2=1
2a* _ a*
o T

2) Simplify, write answers with positive exponents:

b3 2 3p~*
a) = b) 3 )
4b p~1 ab®
9 5 e = I
4 3

3) Simplify the expression using the two different methods specified below. Write answers with

34a.p6.h?
positive exponents.
a) Expand the expression and then cancel.

b) Use the exponential laws to simplify the expression.

4) Simplify, write answers with positive exponents:

8b3
a) 21)—_4
b) 3p~*
9b6
4p~t
) o
d) 6b° Notice that sometimes the
3p~* numbering goes down, then
2ab~? across. Sometimes it, goes across
e) 6asb* and then down to the next row.

5) Simplify, write answers with positive exponents:

-10 . ,.—13 -3 . 16 4. 1
a) X - X b) 47° +2 C) 3% = 33
3 -2 2
p p p-p 12d.e
d =Xx— e) —— f) ——
) p*  p2 ) p*.p® ) 4d—*.e5
2ab~%x6a°b* _ _ _ . _ _ _
g) s h) x 1O+X 13+X 3 I) x 1OXX 13+x 3
a

Wits Maths Connect Secondary Project
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Worksheet 2.2 b

Answers
Questions Answers
1) TRUE or FALSE? If FALSE, say why. 1)
a) d_: = g6 o % _ 13 a) TRUE c) TRUE
‘;8 2a4 2a4 b) FALSE, the base should remain 3 d) FALSE, seems that the exponent of
— 18-2 —

b) 32 1 d) E T p2 the denominator has been
“cancelled” with the coefficient of
the numerator.

2) Simplify, write answers with positive exponents: 2)
b3 2 3b* 7 1.1 3
a) = b) 23 C) % a) b b) 22 7 4 C) p10
4b b1 ab® bS 3 b*
d) 8p—4 e) = f) a3p—4 d) 2 e) b ) a?
. . . 3bb*ad® . . - 3)
3) Simplify the expression ———— using the two different methods specified below.
. . 37a.bnb ) 3bbbbbaaa _ a?
Write answers with positive exponents. a 3333.0b.bbbbbbb _ 3353
. 2
a) Expand the expression and then cancel. b) 31-%g3-1pl+4-6-2 = 3-352p3 = 3‘31b3
b) Use the exponential laws to simplify the expression.
4) Simplify, write answers with positive exponents: 4)
8b3 3b~* ap~t 6b° 2ab~2 7 1 b® 4 1
a) 3= b) Sps ) d) 3 € Saspr a) 4b JETST 3 d 2b € ame
5) Simplify, write answers with positive exponents: 5)
1
a) x710 4 x713 b) 473+ 26 0 3*+ 3%3 a) x* b) c 3
P b pp 2 12d.e? 2 1 3d®
d X= e) Jigs f) = d p ) % ) —
-2 5,4 4a 2 . 1
g) % h) x710 4 x~13 + 53 ) xm10x x718 = 3 g) = h) = i) =

Wits Maths Connect Secondary Project
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Worksheet 2.2 ¢

This worksheet focuses on dividing powers having negative and positive numerical exponents, numerical and variable bases, and negative

and fraction coefficients.

Questions

1) State whether the following are TRUE or FALSE. If FALSE, give the correct answer.

a) :—2:30 b) 1:2_: ) 371=-3
d) 3(-1)=-3 e) 32=3+(-2) f) 372 =%

2) Compare 3374 and 3_734

a) What is the same?

b) What is different?
L 3
c) Simplify Fer

3) Lindi and Shawn get the same answer for_—34 from Q2. They use different methods which are both

-
mathematically correct.
— 1
Lindi’s method: 734 = —374 = —31-(-9 = _35
3 3
Shawn’s method: — = C13 (-1)(3+*) = —-3°
‘34 3—4

a) What is the difference between their methods?
b) Whose method do you prefer and why?
¢) Simplify the following using the method you prefer:

. 5 .. -a
i) 3 ii) =

4) Simplify, give answers with positive exponents:

41,3
-b —4p~1 -4p1 3ab™* —8a’b
a) —; b) — ) —— d —/= ) —p=
b p—4 4b—* —9p6
5) Fill in the blanks:
—21a -3
a = a
) (|
—21a”7
b) e O
-1a73b 1
c =—=[]
) 2a10p2 2
—18x"y x5 -3
d) _____AL_—— ::_E_
Oy x%y
e) 3r~2 % OpPrH  —18r°
p3 o = 4

Wits Maths Connect Secondary Project
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Answers
Questions Answers
1) State whether the following are TRUE or FALSE. If FALSE, give the correct answer. | 1)
a) Z-30 b) 1= 0 31=-3 a) TRUE b) TRUE c) FALSE;;
d 3(-1)=-3 e) 372=3+(-2) f) 372 :é d) TRUE e) FALSE; lz f) TRUE
3
3 -3 2)
2) C —and —
) Compare 5= and 35 a) Both denominators are the same

a) Whatis the same? b) Whatis different?  ¢) Simplify % b) The numerators are different
-
¢ 3CH=3°
s 3)
3) Lindiand Shawn get the same answer for -— from Q2. They use different a) Lindi dealt with the division of a negative first, whereas Shawn factored out a -1
methods which are both mathematically correct. from -3.
Ly -3 31 (=
Lindi's method: — = — - = —37("" = 35 b) Learner should justify preference
, -3 (-1)3
Shawn’s method: — = “2% = (—1)(3'*4) = —3° 0)
a) What is the difference between their methods? Lindi’s Method Shawn’s Method
?
b) V\_/hos_e method do_you p_refer and why? i s _ st _ _51-(-3) — _g4 i 5_3 __5 = (—1)(51+3) = —5*
c) Simplify the following using the method you prefer: -573 573 -5 (=15
. e — 1 i . -a (-la
i) V) = i) S=—m=—a"V = ) =="7 =(DE@™) =-d
4) Simplify, give answers with positive exponents: 4)
-b —4p~1 —4p~1 3ab—* ~8a’b? —4g%p7?
C) — b) —= o = d) _agbs &) — = a) —bS b) —4b3 o —b? d) $ e) —4a*b
5) Fill in the blanks: 5)
—2la _ -3 —-21a”’ -1a3b 1 —21a _ 3 —21a~7 B —1a=3b 1 qmn
a) 5 =la b)) ———=0 ) oo =50 a) —-=-2la b) ZS-=-21a"t o 5o =-;aBb!
—18x"y x5 -3 3r=2 _ OpteU _ —18r® —18x3y0x~5 -3 3r=2 _ —6p?r’ _ -18r°
d) Oy T a2y e) p3 O ap d) 6y T x2y e) p3 4+ 4
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This worksheet focuses on raising a power to a further power when exponents are positive, and bases are numbers or single variables.

Questions
1) Give the base and exponent for each power:
a) 32
b) (3%)*
c) a™
d) (a™)"

2) Expand the following powers. Q2a is done for you.
a) 8=23=2x2x2 b) d* c) 42 d w?

3) Write the expanded forms as powers. Q3a is done for you.

a) 7TX7X7x7=7% b) kxkxk ) axaxaxXaxa d vxv

4) Six powers are given in the table below:

) 5% i) (53)! a) Expand the powers.

b) List the powers that have the same expansion.
i) (5%)2 iv) (54! ) P P

v) 53x5 vi) (51)*

5) TRUE or FALSE? If the statement is FALSE, correct the part on the right of the equal sign.
a) 32=3x3
b) 3x3x3=(3%)3
c) (nxn)?=n?
d) (3%)?%=(3x3x23)?
e) (b5 =b7

6) Which of the following represents (23)2?
a) (2x2x2)? b) (2x3x2) c) (2x3)2 d (2x2)?

7) Which of the following DO NOT represent (a* )3?
a) (axaxaxa)* b) (axaxa) ) (axaxaxa)?
d) (a®xa?)? e) (@' f) (a)’

8) Fill in the blanks:

a) (9" =g°

b) (O3 =dxdxd

c) ré=rHxr?
d k= (k")
e) (m*)'=mD

f =9’

Wits Maths Connect Secondary Project
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Answers
Questions Answers
1) Give the base and exponent for each power: 1)
a) 32 b) (3%)* a) Base: 3, exponent: 2 b) Base: 32, exponent: 4
¢ am d) (@™ c) Base: a, exponent: m d) Base:a™, exponent: n
2) Expand the following powers. Q2a is done for you. 2)
a) 8=23=2x2x2 b) d* c) 42 d) w’ b) d*=dxdxdxd ¢ 4°=4x4 d) wi=wxwxwXwxw
3) Write the expanded forms as powers. Q3a is done for you. 3)
a) 7x7x7x7=7* b) kxkxk ¢ axaxaxaxa d) vxv b) kxkxk=EkK c) axaxaxaxa=a® d) vxv=v?
4) Six powers are given in the table below: 4)
iy 5* i) (53! c) Expand the powers. a)
i) (57)? PHCOL d) List the powers that have the same expansion. i) 5Xx5%x5x%x5 i) (5x5x5)
i) (5x5)x(5x%x5) iv) (5x5x%x5x5)
v) 53x5 |vi) (5H)* v) 5xXx5%x5x%x5 vi) (5) x (5) x (5) x (5)
b) 5% (5%)%; 53 x 5; (59)1; (51)*
5) TRUE or FALSE? If the statement is FALSE, correct the part on the right of the equal 5)
sign. a) TRUE b) FALSE; 33 c) FALSE; n*
a) 32=3x3 b) 3x3x3=(32% ¢ mxn)?=n? d) TRUE e) FALSE; b0
d) (332=03x3%x3)?% e (Bb>*=p7
6) Which of the following represents (23)2? 6)
a) 2x2x2)% b) (2x3x%x2) ¢ (@2x3)2 d (2x2)? a) (2x2x2)?
7)  Which of the following DO NOT represent (a* )3? 7)
a) (axaxaxa)t b) (axaxa)t c) (axaxaxa)d Q7a (a xaXxaxa)*andQ7f (a)’
d) (a®xa?)? e) ()" f) (&)
8) Fill in the blanks: 8)
a) (g»)P =g° b) (M3 =dxdxd c) ré=rHxr? a) (g»)*=g° b) (d3=dxdxd c) r®=r*xr?
d) kB = (k7)? e) (m®)=m"- f§ y = (o) d) kM= (k7)? &) (m)t=m’ oy =0
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This worksheet focuses on raising a power to a further power where powers have positive coefficients and exponents of 0 are included.
Questions

1) Look at the terms below:
) 6a¢ |i) 18(a?)’

a) Give the coefficient of each term.

b) Give the base for exponent c in each term.

2) Expand the following powers:
a) 9g* b) (3)%(9)? o) 9(g*)? d 3%g*

e) Which questions give the same expansion?

3) Complete. (Q3a has been done for you)

a) (n3)?%=n32=n" b) (n¥)3=__ = o) 3(n?)3 =

d (*)°= e) 2()°=__ f) 5n®)°=__

4) Which of the following represents 2(x3)??
a) 4x® b) x3 c) 4x3 d) 2x° e) 2x©

5) Fill'in the blanks:
O O
a) 4xm?s=4(0") b) 7xa*xa*xa*=7(0")" =7()°
) 150=2x3x0=6x0" d) 9(0)% = 0% %2 = (OO)2

e) (b.bHY = (p7)” = p12 f (n9)°.0.0=12n

6) Which power has the greatest value if y = 3?
a) 6y?
b) 3%(y)?
o 2°(y*°
d 2%(y?)?
e) 12(y)°
7) Simplify:
a) (b*)°(a")? b) 2*(b*)* ) 2(ab?)°. (b*)?

9d> e) 3(ah? ¢ ge?.2(e?)"
3(@)? 9(d)? ) e

d)
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Answers
Questions Answers
1) Look at the terms below: 1)
‘ i) 6a‘ i) 18(ab)¢ ‘ a) Give the coefficient of each term. a) i) 6 ii) 18
b) Give the base for exponent c in each term. b) i) a ii) a®

2) Expand the following powers: 2)

a) 9g* b) (3)%(g)? c) 9(g?»)? a) 33.9.9.9.9 b) 3.3.9.9 c) 33.9.9.9.9

d) 3%g* e) Which questions give the same expansion? d) 33.9.9.9.9 e) Q2a, Q2cand Q2d
3) Complete. Q3a has been done for you. 3)

a) (Tl3)2 = n3%2 = b b) (n2)3 = =__ c) 3(712)3 = a) (n3)2 =nb b) (n2)3 =n2X3 = nb c) 3(712)3 = 3n®

d *)°=__ e) 2(m)°=_ f) 5(n®)°=__ d m)°=1 e) 2(n)° =2 fy 5(1n®°=5
4) Which of the following represents 2(x3)?? 4)

a) 4x° b) x3 c) 4x® d) 2x> e) 2x° e) 2x°
5) Fill in the blanks: 5)

a) 4xm¥S = 4(DD)D b) 7 xa*xatxat= 7(DD)D = 7(0)C a) 4 xm?® = 4(m?)5 2 b) 7(x)c;4 X a24 x2a4 ? 75(214)3 = 7(a)'?

O ) 2 5 2 c) 150=2x3x25=6X%X5 d 9(x) =3°.x*=(3x
= = 2 =0%x*= (OO0
) 150=2x3x E 6xD d 9 )0 x =00 e) (b.b3)3 = (b*)3 =p*? f)  Many possible choices, e.g.
e) b.b9)7=(b") =b" ) (n9).0.0=12n (n3)°.4n.3 = 12n
(n®)°.24x0,5n=12n

6) Which power has the greatest value if y = 3? 6)

a) 6y? b) 3%(y)? c) 23(y?)3 a) 6(3)? =54 b) 32(3)? =81 c) 23(3%)3 =5832

d) 22(y?)? e) 12(y)° d) 22(3%)? =324 e) 12(3)°=12
7) Simplify: 7)

a)  (b»)%a*)? b) 2%(b*)3 o) 2(ab®°. (b*)? a) a® b) 16bh12 c) 2b8

_od®_ 3(a%y? 8e32(e?)" 9 3 a f e
3(d3)? e) 9(d3)? f) 24(e2)5 d e) 3
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Worksheet 3.1 ¢

This worksheet focuses on raising a power to a further power where powers have negative coefficients.

Questions
1) Look at the four options below. Which of them expandsas —n X —n X —n X —n?
a) —n* b) (—n)* c) —4n d) n*

2) Show that the powers below give the same answer.
a) ((—0)%?
b) (—x X —x X —x)?
c) (—xx—x)3

3)
a) Multiply (—3)? by itself three times. What is the answer?
b) Multiply —32 by itself three times. What is the answer?
c¢) What do you notice about the signs of the answers in Q3a and Q3b?
d) Why does this happen?

4) Consider the expressions in the box:

A. —n® a) Predict which expressions will give the same answer.
B. (—n?)? b) Simplify the expressions.
C. ((—n)3®)? c) Were your predictions correct?
D. (—n?)3 d) How is expression B different from expression E?
E. —(n3)?
5) Simplify:

a) —(-5)°

b) ((=b)%)?

c) (=bxb)?

d) (b®°%b

e) b.(b%)?

) (x?)3 x (x*)?
g (x?)3+ (x%)?
h) —(n%)°(—n®)*

) (-m?)(-m)?
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Worksheet 3.1 c
Answers
Questions Answers
1) Look at the four options below. Which of them expandsas —n X —n X —n X —n? 1)
a) —nt b) (—n)* c) —4n d) n* b) (—n)*
2) Show that the powers below give the same answer. 2)
a) ((—x)%3 a) (=03 = (—0)% (=02 (—x)? = x%.x%.x2 =x% or ((—x)?)% =«x°
b) (—x X —x X —x)? b) (—xx—xx—-x)?=(—x3) x (—x3) =x°
o (—xx—x)3 c) (—xx—-x)%=x%x%x%=x°% or(x?)®=x°
3) 3)
a) Multiply(—=3)? by itself three times. What is the answer? a) (—3)%(-3)%(-3)?=9.99 =729
b) Multiply —32 by itself three times. What is the answer? b) —3%.-32.-32=-9.-9.-9=-729
c) What do you notice about the signs of the answers in Q3a and Q3b? c) Signs of the answers are different
d) Why does this happen? d) In Q3a the negative is squared to give a positive number. In Q3b the
number 32 is multiplied by -1.
4) Consider the expressions in the box: 4)
6 . . . I a) Sameanswer: A, DandE
A —n a) Predict which expressions will give the same answer.
B. (—n%)? b) Simplify the expressions. Band C
C. ((—m)*)? c) Were your predictions correct? b) T (N3 (N3 3 3 6
D. (-n?)? d) How is expression B different from expression E? B. (=m") (=), (=n) L=
E. —(n3)? C. ((m*)?=(n’)?=n°
D. (—n2)3 = —pn2%3 = _pb6 E. —(n3)2 = —p2%X3 = _p6
c) Depends on learners’ predictions
d) InBweget (—n3)(—n?) so we have “negative times negative” which gives a
positive product.
In E, the coefficient of -1 is multiplied by (n3)? so it is not squared.
5) Simplify: 5)
a) —(-5)? b) ((—b)°)? c) (=bxb)? a) —-25 b) b1 c) b*
d) (b®»%b e) b.(b%)? f)  (x?)3 x (x®)?2 d) b e) b f) x12
g (x2)%+ (x%)? h) —(n%)°(—n®)* ) (—m?)(—m?)? g) 2x° h) —n'? i) —m*
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This worksheet focuses on a power raised to a further power which has positive and negative exponents, and
coefficients of 1.

Questions

1) Fill in the blanks:
a) (@)?=d3.0=d"

1 1 2
b) W:((ZT)Z=(aD) =qJ

9 @) 38

2) Write bases with positive exponents, then expand and write answers in simplest form.
a) (3% b) 273 o (@®? d) )

3)
a) Write with negative exponents then simplify.
) (GO
i) (57H?

b) What do you notice about the answers?
c¢) Why do you think this is so?

d) Determine the value of the following when a = 3.
) (a®)7?
i) (a?)°

e) Will Q3di) and Q3dii) always have the same values if a is natural number? Why?

4) Group the powers that give the same answer.
a) 57° b) (573)2 c) 53x57?

@) (a3 o) (@) n ()

a

5) Which of the following is the same as (23)72?
a) (2x2x2)?

b) (2x2x2)?
1.1 1\2

o (5%5%3)

d) (2 x3)2

e) 2x3x-2)

f) (2-1x2°1)3

g (¢
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Worksheet 3.2 a
Answers
Questions Answers
1) Fill'in the blanks: 1)
a) (a3)2 b) 31 _ C) (3—1)2 a) (a3)2 — a3.a3 — a6
=a3.0 “ 1\ 00 . .
| = —_ :(_> =—=.—=3 b) ﬁ:—zz(a_:;)z:a_6
=a (D)2 O oo ada®  (a3)
_ (,0}% _ O vz (D115
—(a) =a C) (3 ) —(5) —5;—3
2) Write bases with positive exponents, then expand and write answers in simplest 2)
form. vz (12 1 _ 3vz2 (1Y 1.1 1
a) 3% =(5) ==x=x—== b) 273)*=(=%) ==x=-==—
a) (3—2)3 b) (2—3)2 ) (a—s)z d) (b—Z)S (32)2 9 (235) 8 8 64
sv2 (1Y 1 11 s (1Y 1 1 1 1 1 1
J @=(5) =mm=m 9 OD=(5) =EmmrErsm
3) 3)
a) Write with negative exponents then simplify. a) i) (53 t=572= 1 i) (57 )2=572= 1
) () i) (5712 - ”
' b) Answers are the same.
b)  What do you n'otlce ?b'OUt the answers? c) Usinglaw 3, we get (2)(—1) = —2 and (—1)(2) = —2. So we have the same base
c¢) Why do you think this is so? 5 raised to the power of —2.
d) Determine the value of the following when a = 3. 1 1
d i aS -2 35—2=3—10=_ ii a—2 5 _ 3—25=3—10=_
i (a5 Y (a2 ) i) (@)% =3 o 1) @7=G) =N
e) Will Q3di) and Q3dii) always have the same values if a is natural number? e) VYes, because the same base a is raised to the power of —10 for both Q3di) and
Why? Q3dii).
4) Group the powers that give the same answer. 4)
a) 57° b) (57%)? c) 53x572 Q4a) and c) give Sis Q4d) and f) givea—l6
d (a3 &) (@) n ()
a
5) Which of the following is the same as (23)72? 5) Q5b)c)f) and g) because (23)72 = (272)3

a) 2x2x2)? b)
d) (2x3)? e)

2 1.1 1\2
@x2xD* g (3x3x3)

2x3x-2) f) @tx2H) g (@2)°
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Worksheet 3.2 b

This worksheet focuses on a power raised to a further power having integer exponents, and positive and negative coefficients.

Questions
1) Wanda and Shikha show that (a™1)~! = a using different methods that are both correct.

Wanda’s method: (a )™t = a "1 =gl or a.
1

Shikha’s method: (a™1)™' = — =aora?

a~1

a) Describe each method in words. Focus on what is different about the methods.
b) Which method do you prefer? Why?
c) Simplify the two examples below using the method you prefer. Give answers with positive exponents:

i) 57H™*
i) (27%)72

2) Fillin the blanks:
a) 2»2=0=0
b) (n73)2=0
o O.772=7"4= (%)D
d o=
e) @) p?=0
) 2m)2=0=0

3) Match the expansions with the powers.

Expansion Power

a) 2y X2y i) 22y72

b) Zx2 i) (y?)?
v iii) 22y2

) yXyxyXy . "o

g Lxlyxl,r |[MOH
y 2"y 2Ty 2" y2 v) M

4) Look at the questions below. (r has the same positive value in each question).

i) 6r3 i) 37%r3

iii) (3%)2(r~?)?

iv) 3)73(*)?

a) Rewrite each question in simplest form with positive exponents.

b) If r = 2 in each question, work out the value of each question.

c) Which power has the largest value?

d) Why?

Wits Maths Connect Secondary Project
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Worksheet 3.2 b
Answers
Questions Answers
1) Wanda and Shikha show that (a™1)~! = a using different methods that are both correct. 1)
Wanda’s method: (a™)™ = a "1 = q! or a. a) Wanda removes the brackets by multiplying the exponents. Shika
. , . —1y-1 1
Shikha’s method: (a™) ™" = — =aora’ writes the part in brackets with a positive exponent and gets %
a) Describe each method in words. Focus on what is different about the methods. h . 1 . h .
b) Which method do you prefer? Why? then writes =y with a positive exponent.
c) Simplify the two examples below using the method you prefer. Give answers with b) Depends on the learner.
positive exponents: ¢) Method depends on learner
i) (™H™* i) (2772 i) 5% ii) 210
2) Fill in the blanks: 2)
O 4
) @92=0=0 b @)H?=0 o O072=7*=() ) @)7P=2C=% b D=t o 7r72=7"=(])
d 2y-3 ,0_1 0\-3 -3 _ 2y-2 — [ — e) ) .p=
) (y ) y y8 e) (p ) -D O f) Z(Tl ) O O d) (yZ)—Sly—Z — % i f) Z(nZ)—Z — 2n—4 — %
p3
3) Match the expansions with the powers. 3)
Expansion Power Expansion | Power
a) 2y X2y i) 2%2y2 a) iii)
b) §x§ i) (y*)? b) i)
2,,2 ..
C) YyXyXyxXy !”) 22’4 c) i) or v)
g Lx iyt |MO) d) iv)
y 2y 27y 27 y2 ) (yM)!
4) Look at the questions below. (r has the same positive value in each question). 4)
a) . 6 oy 1L 81 ot 1
) er=® i) 3727 i) (320732 ) (3D v) (1207 L S e S = v % Vg
b) N 6 _3 . 1 L. 81 . 16 1
a) Rewrite each question in simplest form with positive exponents. ) o= ) o i) V) — V)
b) Ifr = 2 in each question, work out the value of each question. c) iii) has the largest value
c) Which power has the largest value? d) 8 < the only value greater than 1
16

d) Why?
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Worksheet 3.2 ¢ '

This worksheet focuses on a power raised to a further power having positive and negative bases and exponents, and positive, negative
and fraction coefficients.

Questions
1) Use one of these sighs <; =; > to show the relationship between each pair of numbers.
Give a reason for each answer

e.g. (=3))%nd ((-3)1)"* Answer:(—=3)* > (=3)"* Reason: 81 > %
a) ((=3)*" and ((-3)"37*
b) —=((—=3))7% and (—(-3)%)7?

2) Which of the following statements are correct for ((—2)73)3?
a) The answer is a fraction
b) Itisthe same as(—2)(—3)(3)
c) It can be expanded as (—2)(—2)(—2) three times

d) It can be expanded as three times

_r
(-2)(-2)(-2)
e) It has a negative answer

3) Show that the powers given below have the same solution.
a) ((=0)7%)°

b) (—x X —x X —x)~2

c) (—xx—x)73

4) Look at the six powers in the list below. Group the powers which are the same.
2

1
07 (530077) 5 (™75 @Gen ™% @y sy
5) Simplify the following powers:

a) —27* b) (—4)7?

9 ()" d) (-

o) (-n))) ) (-bxb)>

8 (%) NGOk

) B+ () ) x0T
k) 4(a)7%.(-2a)? ) 4(a)72+ (—2a)?
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Answers
Questions Answers
1) Use one of these signs <; = ;> to show the relationship between each pair. 1)
Give a reason for each answer a) ((=3)3)'=((-3)31
e.g. ((—=3)H*and ((—3)1)"* Answer:(—3)* > (—3)~* Reason: 81 > % Reason: Both can be written as (—3)% = —27
—((—3)2)-3 _(_2\3)-2
a) ((_3)3)1 and ((_3)—3)—1 b) (( 3) ) <( ( 3) ) ) L L
Reason: LHS: —(=3)7¢ = =——=—-=
2y-3 3y-2 (=3¢ -3¢ 36
b) —((=3)%)7" and (—(=3)%) " 1
RHS: s ===
(-C3)" 3
2)  Which of the following statements are correct for((—2)73)3? 2) Correct answers:
Q2a; Q2d; Q2e
a) Theanswerisa b) Itisthe same c) It can be expanded as
fraction as(—2)(—3)(3) (=2)(—2)(—2) three times
1 ; e) It has a negative answer
d) It can be expanded as T three times
3) Show that the powers given below have the same solution. 3) Allbecome (—x)~° = ! - = iG
—x)~2)3 X — X — )2 % —x)-3 0°  x
a) (07 b) (=xX—xXx-x)7* ¢ (-xx-x) ) (=0 =(x"
b) (—xX—xx-x)"?= (0N = (=) =(-0"°
) (—xx-0)7 = (-0 = (-0
4) Look at the six powers in the list below. Group the powers which are the same. 4) (=% (=»)D?%; y*
4 1 _2 2 a2 12 1 12 4 No others are the same
05 (530072) 5 (0775 @@ ™5 @y Ty
5) Simplify the following powers: 5)
-2 1 1
a) -2 b) (-2 9 (3) a) - b c) 16
d) (=b)2 e) ((=b)?)2 f) (=bxb)? d e no=
6n—2 —2\6 : -270 0\2
g (b9 h) (b72) i) (b7 + ") 8 h — i)y 2
D ETH(EDTE K A@(-2a)7 ) 4@+ (—2a)72 . ] 17
) - k) — ) =
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Worksheet 4.1 a

This worksheet focuses on a product raised to a power, exponents are positive.

Questions
1) Which are different ways of writing (cd)3?
a) c3d b) cd® «¢) cd.cd.cd d) c.c.c.d.d.d e) c3d?

2) Fillin the blanks:

a) vow.v.v.v.w.w.w.w.v = vH wH = (ww)H
b) 3.5.5.3.5.3.5.3 = 3".50 = (O.)U
c) (223)2 = (2231).0=22.0.3.0=2Y.3Y
d) 7()" = da*p*
3)
a) Work out the answers.
i) 32x22
i) (3x2)2
b) Isit true that 5% x 132 = (5 x 13)2? How do you know?
c) Can we conclude that for any values of a and b: a? x b? = (ab)??
d) Now let’s check for addition. What answers do you get for:
i) 32422
i) (3+2)?
e) Check the addition of 2 different numbers (e.g. 5 and 7). Do they give the same answers?

f) Can we conclude that for any values of a and b: a? + b? = (a + b)??

4) Explain why (4x)® is the same as 4°x®.

5) Simplify. Write answers in exponential form.

a) (3r)* b) (rs)3 c) (3rs)d d) (33n)?
e) (3°n?)? f) (ab®)? g) (a°b)* h) (3ab)?b

) (2k)3k* ) G5Gx2)3 K (5+2)3
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Answers
Questions Answers
1) Which are different ways of writing (cd)3? 1) Qlc, Qld, and Qle
a) c3d b) cd® ¢ cd.cd.cd d) c.c.c.d.d.d e) c3d3
2) Fill in the blanks: 2)
a) v.w.v.v.v.ww.w.w.v = v wH = (vw)H a) v.w.v.v.v.ww.w.w.v = v3.w® = (vw)®
b) 3.5.5.3.5.3.5.3 = 3H.55 = (O.0O)" b) 3.5.5.3.5.3.5.3 = 3%.5% = (3.5)*
¢ (223)2 =(2%23).0=2%20.3.0=2".3" c) (2%23)% = (223').(2231) = 22.22.3.3 = 24,32
d) 7(M" = Oa*p* d) 7(ab)* = 7a*b*
3) 3)
a) Work out the answers. a)
i) 32 x 22 iv) (3 x2)? i) 36 i) 36
b) Isittrue that 52 x 132 = (5 x 13)2? How do you know? b) Yes.Because 52 x 132 =5x5Xx13x13=5x%x13 x5x 13 = (5 x 13)?
c) Can we conclude that for any values of a and b: a® X b? = (ab)?? c) Yes.BecauseaxXxaXbxb=axbxaxb=(ab)?
d)
d) Now let’s check for addition. What answers do you get for: i) 13 i) 25
iii) 32+ 22 iv) (3+2)2 e) 52+7°=25+49=74
e) Check the addition of 2 different numbers (e.g. 5 and 7). Do they give the G +7)*=12% = 144
same answers? The answers are not the same.
f)  Can we conclude that for any values of a and b: a® + b* = (a + b)?? f)  No, they are not equal.
(In Grade 9 learners will see that (a + b)? = a? + 2ab + b?)
4) Explain why (4x)° is the same as 4°x°. 4) (4x)% = 4x X 4x X 4x X 4x X 4x X 4x
=4X4XAXEXEXE X XXXXXXXXXXX=4%Xx0=4%x
5) Simplify. Write answers in exponential form. 5)
a) (3r)* b) (rs)3 c) (3rs)? d) (33n)? a) 3%r* b) r3s3 c) 3%3s3 d) 3%n?
e) (32n®»3® ) (ab®? g (a’b)* h) (3ab)?b e) 3°n f) a?p® g) a’b* h) 3%2a2p3
i) (K3k* ) (x2)2 k (+2)3 i) 23k7 i) 103 k) 73
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Worksheet 4.1 b

This worksheet focuses on a quotient raised to a power, exponents are positive.

Questions

1) Fill in the blanks:
) (£) =().op=220_5

3 3 3.0.0
b) vvvw? £ _(v 0
wi3ww  wi T \w
. o__ U
C) 3 -~ (D) - b6c6

2) Look at the questions in the box below:

Ho@2x3)? i) (2:33)2 i) :—2 iv) (g)2

a) Which questions will give the same answer?
b) Why does this happen?

4 4
3) Explain why ( %) is the same as %

4) Simplify. Write answers in exponential form.
m3\2 3ab\? (5-2)3 2
a (%) n () 9 (&r)

3 2) (2k)3 1) N

k4

)
c) (1%)2 h) ((§)3> m) > Make up 4 of your

own guestions and

d) (%0)4 i) ((5-2)%®2 n) answer them
0 (2 ) (Gx2P? o o

Wits Maths Connect Secondary Project 1
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Answers
Questions Answers
1) Fillin the blanks: 1)
5213 52 5200 50 5213 52\ (52\ (52 525252 56
a (%) =(3)00=%5=5 A (5)=()3)-G)=3=5
vvvv? v v\H vovy? _ vS (v 5
b) I — W_D = (; b) wi3ww w5 3(W)
. 6 _
0 3+ (@ =— ) 3+ (bo)® =

2) Look at the questions in the box below:

i) (2x3)% i)

(2x3)? .., 672
33 32

()

a) Which questions will give the same answer?
b) Why does this happen?

2)

a) Qi) and Q2iv)

b) Because £ %8

2 66

6 6_(6)2
T 3’3 \3

32 3.3

4 4
3) Explainwhy(%) isthesameasi—: 3) Because(z) =%%%§=i—z
4) Simplify. Write answers in exponential form. 4)
3\ 2 273 a 2 o\ 4 mé mé a2 a®
) (3 0 (%) 9 G o9 (5) ) e o e O ow 9
ab)2 3ab) 2 2k 3 3\2 e) a f) 3%.a? ki ho 5
o (5 0 () 9 (=) »(G)) ¥ i )
. . 36
i) 3¢ i 106 K

) ((5=-2°)* ) ((5x2)%)?

382
0 (G5)

1) to o) Make up 4 of your own questions and answer them

I) to o) Learners answers to their own questions
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Worksheet 4.1 c

This worksheet focuses on products and quotients raised to a power, exponents are positive and powers have negative coefficients.

Questions

1) Which examples represent a positive number? (i.e. which will give a positive answer when simplified)
(=3)% (=3)% —3x4 (-D(-1)°% (-2)***

2) Fill in the blanks:
a) (5))° = (5> ="
b) ((-5))° = (-5)20.0= (-5 =0"
0 (=533 =(-5)3.0.0= @ =0"

3) Which of the following are the same as the power (—3d)??

a) 3d? b) —

W C) —32d2 d) 9d2

4)
a) Give answers as powers:

(@) 0 () w (D) w (D)

b)  Which answers are positive? Why?

2

c) Which answers are negative? Why?

5) Below is one way of simplifying (—4x)3. (—4x)3:
(—4x)3. (—4x)3 = (—4x)3"3 = (—4x)% = (—4)°x® = 45x°
Simplify (—4x)3. (—4x)? in another way.

6) Simplify:
a) (3a)?.(3a)? b) (3a)?.(—3a)? c) —(Ba)%.(3a?)
(3a)? (3a)? (3a)?
) Gar ®) a7 ey
g) Ba)*+(-3a*) h) (Ba)*>—-(-3a?) i) —(3a)* = (=3a)?
j) (a®b)? k) ((a*b)*)? ) ((—ab?)*)?
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Questions

Answers

1) Which examples have a positive answer? Which examples represent a positive
number? (i.e. which will give a positive answer when simplified)
(=3)% (=3 -3x4 (DD (=2)**

1)
(=3)* and (-1)(-1)°

2) Fill in the blanks: 2)
a) ((5)»*= ()" =5" a) ((5))*=(5)3=5°
b) ((=5)?)3 = (-5)2.0.0 = (-5)7 = O" b) ((=5)*)* = (=5)*.(=5)%.(=5)% = (=5)° = 5°
9 (=57 = (-57.0.0= ()° =0° ) ((-5))" = (=5)".(-5)*.(-5)" = (-5)° = -5°
3) Which of the following are the same as the power (—3d)?? 3) Q3donly
a) 3d? b) 321,12 o) —3%d? d) 9d?
4) 4)
a) Give answers as powers: a)
NN ) 52 5\% 5 R 3 T A i (=) v — ()
i) ((Z) ) ii) ((— %) ) iii) ((—i) ) iv) — ((— %) ) ' L (4')' ”)' (4) i) ( 4) N ) (4)
b) Which answers are positive? Why? b) i): A positive base raised to any exponent will be positive
. . ii): A negative base raised to an even exponent is always positive
€) Which answers are negative? Why? . . . .
c) iii): A negative base raised to an odd exponent will be negative
10
iv): The power (— %) will be positive. Then it is multiplied by negative one so
the product will be negative
5) Below is one way of simplifying (—4x)3. (—4x)3: 5)
(—4x)3. (—4x)3 = (—4x)3*3 = (—4x)°® = (—4)x® = 45x° (—4x)3. (—4x)3 = (—4)3.x3.(—4)3.x3 = (—4)%.x°® = 45x°
Simplify (—4x)3. (—4x)? in another way.
6) Simplify: 6)
a) (3a)%.(3a)? b) (3a)?. (—3a)? c) —(3a)?(3a? a) 3%*a* b) 3*a* c) —3*a*
(Ba)? (30)* (3a)?
d) (3a)2 e) (-3a)2 ) - 32 d 1 e) 1 f) 3
g) Ba)?+(-3a%®) h) Ba)>—-(-3a?) i) —-(Ba)?—-(-3a)? g) 9a®?—-3a?=6a?> h) 9a%+3a?=12a%0 i) —9a%—9a?= —18a?
J) (azb)3 k) ((azb)3)2 |) ((_ab2)3)2 J) a6b3 k) (a6b3)2 — a12b6 |) (_a3b6)2 — a6b12
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Worksheet 4.2 a

This worksheet focuses on a product raised to a power, exponents are negative.

Questions

1) Which of the following statements are TRUE about (2 x 3)73?

a) Itisafraction b) = -5(2x%x3) ¢ = 1
2535
L e) It has a negative answer

d = 5(2x3)

2) Simplify. Use the ‘product raised to a power’ rule if needed.
a) ((ab)*)® b) (a®h?)° o) (a®b7?)?
d) ((ab)*)~? e) (a®h®)? f) (a®b*)~?
3) Which of the powers below simplify to give an answer of 1?
a) ((x)?)° b) (x?y*)° o (x%y7?)?

d) (e~ e) (x°¥%)? f) (°y*)7

4) Two Grade 9 learners were given this question to simplify: (ab?)~°.(ab?)™>
They used different approaches.

a) Copy and complete each approach

Learner 1 Learner 2
(ab?)7>.(ab?)™> (ab?)75.(ab?)™5
— anZXD.anZXD — (abz)lj+|j
= q(-5+Dp(-10+(-10)) = q~10p2x(-10)
— anD — anD

1 1
= 410p20 = 410p20

b) Describe the main differences between the approaches of the two learners.

5) Simplify, leave answers with negative exponents.
Try to use the ‘product raised to a power’ rule as often as you can.

a) (2x3)™* b) (2%3%)7°
c) (22x73)3 d) (%)% (x%*)7?
e) (3ab®)7?%b f) (a®.bH% (ad.b*)>

g) (). ((ed)™®  h) ((cd)™®+ ((cd)?)*
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Answers
Questions Answers
1) Which of the following statements are TRUE about (2 x 3)75? 1) aandc
a) Itisa fraction b) =-5(2x3) o = %
d = 5(21X3) e) It has a negative answer
2) Simplify. Use the ‘product raised to a power’ rule if needed. 2)
a) ((ab)?)® b) (a?b?)® c) (a3b™?)? a) a'%p1® b) a'®pt® c) a®b*
d) ((ab)®)~? e) (a®b>)? f) (a®b?)72 d) a10p~10 e) al®p? f) a®h*
3) Which of the powers below simplify to give an answer of 1? 3)
a) (nH° b) (x*y*)° o (x%y7%)? a) 1 b) o y*
d) (N~ e) (x°%°)? f)  (x%?)7? d) 1 e) 1 f) yt
4) Two Grade 9 learners were given this question to simplify: (ab?)~>. (ab?)~° 4)
They used different approaches. a)
a) Copy and complete each approach Learner 1 Learner 2
Learner 1 Learner 2 (ab?)75.(ab?)™> (ab?)75.(ab?)~5
(abZ)—S' (abZ)—S (abZ)—S. (abZ)—S — a—5b2x(—5). a—5b2><(—5) — (abZ)—S—S
— ansz'ansz — (abZ)D+D — a(_5_5)b(_10+(_10)) — a—lobzx(—lo)
= @5+ p(-10+(-10)) = q~10p2%(=10) = q~10p—20 = q~10p-20
= qPpD = a"p- 1 _ 1
1 1 = qi0p20 ~ q10p20
= qlop20 T alop20 b) Learner 1 first applied the law product raised to a power.
b) Describe the main differences between the approaches of the two learners. Learner 2 first applied the law for multiplying same bases.
5) Simplify, leave answers with negative exponents. 5)
Try to use the ‘product raised to a power’ rule as often as you can.
a) (2x3)™ b) (223%)73 a) 67* b) 27637°
) (2%x7%)° d (°y )%y c) 2°x7° d y ™ty *t=y>"
e) (3ab5)—2b f) (a3. b4)2. (a3. b4)—5 e) 372q72p~° f) (a3. b4—)—3 = aq %12
g) ((cd) 3. ((cd)™2)3 h)  ((cd)™2)® + ((cd)™2)3 g) ((cd)™®)=c"2d™2  h) 2(c™%d™®)
2
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Worksheet 4.2 b

This worksheet focuses on a quotient raised to a power, exponents are negative.

Questions

1) Fill in the blanks:
N3 a3 13 8 o
a ;) =(3) =m=p=0C
52y 3 52x-3 50 70
o (7) == mmw

6bO\ "2 OV2_ 1
) (F) - (6D ) o o”
v\ 2 v —2 o~
d) (W3.w.w) = (W_D) - F
. o__U
e) 4+ (ab)- = a4pt
-2
2) Which of the following are the same as the power (%)
32 1 Q) — 1 a
a) — ) 3z ) @) d) 5z ) 5
3,4\0
3) Three learners were asked to simplify ((Clibb4))_2.

They used different approaches which have been started below.

Siphiwe Brian Lana

(a3b4)0 (a3b4)0 (a3b4)0

= (a3h*)0+2 B 1 a3X0p4x0
= (a3h*)+2 a3X—2p4x-2 = Bx—2pix—2

a) Complete each learner’s approach. Give answers with positive exponents.

(a®b*)°
(a3b*)-2
You should get the same answer for all four approaches.

b) Suggest another way to simplify

4) Simplify. Give answers with positive exponents.

) (3)

()

9 ()
9 ()
o (5)
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Worksheet 4.2 b '
Answers
Questions Answers
1) Fillin the blanks: 1)
AN 25 N S AN S5 N S R R
a (7)) =) =F=p=0 A () =) ===5=7
52\ 3 52x-3 0 0 52\ "3 52x-3 5=6 3
o () =m=cEew o) (3) ==t
6b0\ 72 Oy~2 1 6b0\ 72 —ano 1
9 (5) =607 =75 9 (55) =67 =g5
vovp?) 2 v\ 2 oo voov?\ 2 (vS -2 _wl
d) (w3.w.w) = (W_D) = oo d) (W3.w.w) - (ﬁ) 10
. g . 4 _ 4
e) 4 + (ab)D = 2ipt e) 4= (ab) - atb4
-2
2)  Which of the following are the same as the power G) 2) Q23 Q2cand Q2e
32 B 1 a2
C) b) =z (%)2 d 5z e 3
(a3 3)
3) Three learners were asked to 5|mpI|fy(a3b4)_2. a)
They used different approaches which have been started below. Siphiwe Brian Lana
Siphiwe Brian Lana (a3h*)° (a®h*)° (a3hh)°
(a3p*)° (a3p*)° (aBbhh)? (a3bh%)-2 (@®hh)2 (@®h*)2
(a3bh*)=2 (a3bh*)=2 (a3b*)—2 = (a3b*)0+? 1 q3%04x0
= (a3p*)0+2 _ 1 a3x0p4x0 = (a®b*)? T 3x—2pax-2 = pxapan—z
= (a3b*)*2 T g3X—2p4x-2 = W — a®b® 1 1
= .. = = = a—6b—8 = a_ﬁb_g
a) Complete each learner’s approach. Give answers with positive exponents. = a®b® = aSp®
b) Suggest another way to simplif (abt)”
g8 A PITY a2 b) (a®h")°.(a®b*)?
You should get the same answer for all four approaches. = g3X0p4x0 3X2p4x2 — 0+6, 048 — ,6},8
4) Simplify. Give answers with positive exponents. 4)
3\~ x\3 1\72 g3m\ 1 azb3c0\ 71 4 13 1 2 92\t _nd b -1
a) (Z) b) (x_z) ) (F) d) (W) e) (a4bzc) a) 3 b) (;) T3 2 ==Y d) (h_3) 92 azc) -
2
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Worksheet 4.2 ¢ '

This worksheet focuses on products and quotients raised to a power, exponents and coefficients are positive or negative.

Questions
1) Write with positive exponents:

a) (073
b) (22x)73

o9 ()
X —4
4 (3)
e) —(b72)72
2) Fill in the blanks:
eg. (=2)3 = (=2).0.0 = O willbe: (=2)3 = (=2).(-2).(-2) = —23
a) (0?3 =(-c)20.0= (-0 =0"
b) ((—0)*?=(—c).0.0=O)"=0"
0 —((—0)¥®=(-1)(-e*.0.0= (D@ =0"
3)

3
. -3 . e .
a) Predict whether (3T4) will have a positive or negative answer.

3
b) Complete these two Grade 9 learners’ responses to (374) .

Lindi’s response Shawn’s response
-33° -33°

&) &)

- <(—1)(3)>3
3—12 — -

B 3+

c) Check that you get the same answer for both learners.
d) Was your prediction correct about the sign of the answer?

4) Simplify. Give answers with positive exponents.

a) ((—2)%3%)3 f) (_73)_1

b) (—22.-3%)3 g) (—;—2)5
N5

0 (DY n ()

d ((a?CEnH732 ) (@ H+ ™!
e ((-2)?3%)7°
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Answers
Questions Answers
1) Write with positive exponents: 1)
A 02 b @07 o () @ (@) o -0 A5 b s 9t AL e b
2)

2) Fillin the blanks: e.g. (—2)3 = (=2).0.0 = O will be:
(-2)% = (-2).(-2).(-2) = =23
a) (~9»*=(-020.0=(-0"=0"
b) ((—0)*)* = (-0)®.0.0= 0" =0"
o —((-0)*)? = (-D(-0)*.0.0= (D@ =0"

a) (—0)?)° = (=0)%. (=) (—€)? = (=) = ¢
b) ((—0)*)° = (=0)*. (—).(—¢)* = ((—©)*)® = —¢?
0 —((=0)*)* = (-1)(=0)*. (~6)*. (=€)* = (~D((—)*)* = ¢

3) 3)
_3\3 .
a) Predict whether (3—_34) will have a positive or negative answer. Z)) Negative
PN
b) Complete these two Grade 9 learners’ responses to (3734) . Lindi’s response Shawn’s response
Lindi’s response Shawn’s response -35° -33\3
—3)\3 —33\3 (F) (F)
(F) (3_) =& ((—1)(3))3
3= =|—
== (DY _ 33 a0 3
. BEE _ 3t = (-1)BE)GY?
= = (-1)E*12)
— — _315
c) Check that you get the same answer for both learners. c) Learners check answers for both learners are the same..
d) Was your prediction correct about the sign of the answer? d) Correctness of Q3a depends on learner.
4) Simplify. Give answers with positive exponents. 4)
a) ((—2)?33%)3 b) (—22%2.-33%)3 c) ((—a)?(=b)>)3 a) 2°3° b) 263° c) a®(=b)*® = —ap®®
a1 _ _ 1 6oy 1 4 4
d) ((_a)Z(_b)S)—S e) ((—2)23%)73 f) (73) d a 6(—b) 15 — — =T e) 27637% = 20639 f) S or—3
5 45 ) B B 0SS 1 y3\3 y15 i) —at+pit=—L 4L
g (-2) n -(2) ) —(@™)+ ! B (-3) =-x= n -(%) =-% ) @ b
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Worksheet 5.1 a

This worksheet focuses on multiplying and dividing powers.

Questions

1) Look at each pair of expressions and do the following:
e Say what is the same and what is different about the expressions in each pair
o Simplify each expression
e Are the answers the same or different (in each pair)?

e Say why the answers are the same or different

a) 23 x 24 c) 2a*=+ad e) a’b g) 9a x b?
b
b) 23 + 2* d) 2a3+at 9 axab h) 32ax (—b)?

2) Each statement in the box has an error.

i) 5%*x52%=25°

i) ab.ab = ab?

iii) ab + ab = (ab)?
iv) 72 x 3% =76

v) ab+ ab = 2a2b

a) Describe the error in each statement.
b) Change the part on the right-side of the equal sign to make the statement true.

3) Simplify:
a) 2.23.2*% g T
b) a3 xa* h) %
c) 2a®xa* i) caC::laZ
d) ab3.at i) fze:fjf
e) 232,524 0 %
n o ) ab®+ ab®
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Worksheet 5.1 a
Answers
Questions Answers
1) Look at each pair of expressions and do the following: 1) Answers continued
® Say what is the same and what is different about the expressions in each pair c) and d): Both required the division of powers but the exponents were swopped in
e  Simplify each expression d). c) 2a, d) Z The answers are different because c) the leading power had a greater
e  Are the answers the same or different (in each pair)? exponent whereas d) the leading power had a smaller exponent resulting in a
s by th h diff fraction answer.
[ J
ay why the answers are the same or different e) and f): The variables are the same. The operations are different.
a) 23 x2* c) 2a*+ad e) a’b g) 9axb? 2 2 2 . .
b e) a, f) a“. The answers are the same because a“ = a X a and in e) dividing b by b
b) 23 +2* d) 2a®+a* f)  axab® h) 3%ax (=b)? gives 1 and in f) b%results in 1 as well.
Answers for a) and b): g) and h): Both require multiplication. The coefficients of a are written differently
a) and b): Both have the same powers but a) focuses on multiplication (9 and3?), and the base in g) is b but in h) the base is - b.
whereas b) focuses on division. a) 27, b) % The answers are different because g) 9ab?, h) 9ab?. The answers are the same because in h) 3%is the same as 9 and a
. . ey . 2 _ 2 — 2 .
in a) the exponents were added together and in b) the exponents were -negatlve squared is the same as a positive squared i.e.3“a X (—b)“ = 9a X b*, this
subtracted from each other. is the same as g).
2) Each statement in the box has an error. 2)
a) i)  Multiplication of the bases b) i) 5°
i) 5*%x52=25° a) Describe the error in each i) No multiplication of a and a. i) a®b?
i) ab.ab = ab® statement. iii) Multiplication was done instead of addition. iii) 2ab
i) ab +ab = (ab)? b) Change the part on the right-side iv) Exponents may not be added, bases are not the same. iv) 7% x3*
iv) 72x3*=7° of the equal sign to make the v)  The like terms are ab should be added not separated v) 2ab
v) ab+ab = 2a2b statement true. into a and b. then added.
3) Simplify: 3)
a) 2.23.2% b) a3 xa* c) 2a®xa* d) a.b3a* a) 28 b) a’ c) 2a’ d) a°p
23.2% 2a3 m6xm5 232 2 a® 8 2?
e) 25 f) 6b2? 8) m3 h) 2.3%x2.32 e 2 f) 3b? g m h) 33
. c?d . 16e8f7 16x8x4x%y7 3 3 40 1 £ oef® K 3
i) cdxcd? i 32e7f k) 32x7y9 ) ab®+ab L d i) 2 ) y? ) 2ab
2
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Worksheet 5.1 b
This worksheet focuses on raising a power, a product and a quotient to a further power.
Questions
1)
Column A Column B a) Match the powers which are the same in the two
i) (»°)° A, p'? columns.
i) (p?)? B. p8 b) One of the items in column B will not have a match
iii) (p?)°® c. p* from column A. Create an item for column A that will
iv) (p1)? D. p*® match with this item from column B.
E. p?

2) Which of these terms produce the same answer when they are simplified?
5%p? 5x2p?%  2(5p)%; 25p* (5p)°

3) Choose positive or negative to make these statements true:
a) The product of 6 negative numbers is positive/negative
b) The product of 13 negative numbers is positive/negative
c) The product of an odd number of negative numbers is positive/negative.

d) The product of an even number negative numbers is positive/negative.

4)
a) Simplify:
)40 i) (4HF i) —(4°%)° iv) (—4°)°

b) Which question does not give the same answer as the others?

c) Explain why.

5)  Simplify. Do Q5c and Q5h in more than one way.

) o o)

b) (3.2)° f) _(%)6

) (3.2)°+3(3.2)° 2) (%)SX(st)z
d) (2d%e?)* x 3d%e? h) (Zdz(z?:;(;e‘*f
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Worksheet 5.1 b
Answers
Questions Answers
1) 1) a)
a) Match the powers which are the same in the two columns. b) Possible match for B:(p*)?
. . Column A Column B
Column A Column B b) One of the items in column COE 5
i) (P53 A pl? B will not have a match (D)2 c
i) (p?)? B. p® from column A. Create an i) (p?)e A
iii) (p?)® c. p* item for column A that will iv) (pH)? E
iv) (p1)? D. p'® match with this item from No match B
V) E. p? column B.
2) Which of these terms produce the same answer when they are simplified? 2)
5%p? 5x2p* 2(5p)* 25p*> (5p)? 5%p® 25p* (5p)?
3) Choose positive or negative to make these statements true: 3)
e) The product of 6 negative numbers is positive/negative a) Positive
f)  The product of 13 negative numbers is positive/negative b) Negative
g) The product of an odd number of negative numbers is positive/negative. c) Negative
h) The product of an even number negative numbers is positive/negative. d) Positive
4) 4)
a) Simplify:
i) (4103 i) (4HB i) —(4%)5 iv) (—4%)° a) i) 4% i) 430 i) —430 jv) 430
b) Which question does not give the same answer as the others? b) iii) —43°
c) Explain why. c) The negative is outside the brackets and not raised to30.
5) Simplify. Do Q5c and Q5h in more than one way. 5) c)and h) are done in 2 ways
26 6 6 6 3,24 2,3 12 6 1411 | €) 4(6)° 2halle’t oo 7,18
a) (5% b) (3.2) ¢ (3.2)°+3(3.2) d) (2d3e?)* x 3d%e a) 5 b) 6 d) 48d™e 465 or Sigige = 2 d'e” or
6 6 5 2,3)% 03 696 (2d2€3)4_2. (ae*)?
) (siZ) - (aiZ) g) (%) x (2% h) % &) = f) —STZ 8 = _1|_ 23(56;6) = 2% d1e?*272d %"
5 ’ 2 = 4.. 3626 = 2%d7'®
Wits Maths Connect Secondary Project 2
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This worksheet focuses on multiplying and dividing powers.

71

Questions

1) Look at each pair of expressions and do the following:
e Say what is the same and what is different about the expressions in each pair
o Simplify each expression
e Are the answers the same or different (in each pair)?

e Say why the answers are the same or different

a) 73 x7°

b) 73 +7°

) 7p°+p°

d) 7p3+p°

e) (a?b)?

f) a’b?

g) 8r x s?

h) 23r x (—s)?

2) Each statement in the box has an error.

3¥ x 32 = 98

(2xy)? = 4xy?

xy +xy +xy = (xy)3
42 4 32 = 72

xy + 3xy = 4x2y

mo o0 w>P

a)

Describe the error in each statement.

3) Simplify:
4—X 6
a) 7.7%.7 g
3
b) m3 x m® h) ——
7.3X7.3
3 5 . 5d.5e?
c) 2m>Xm i) cdx(5ed)?
3 5 o lectf?
d) m.n°.m j) 320]
73.7° 14a®x4a°b’
e) 76 k) 28a7b°
3
f) % ) ed3—d2e.d

b) Change the part on the right-side of the equal sign to make the statement true.
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Worksheet 5.1 c
Answers
Questions Answers
1) Look at each pair of expressions and do the following: 1) Answers continued
e Say what is the same and what is different about the expressions in each pair c) and d): Both are division and use p*;p® and 7 but in c) the divisor is p* and in
® Simplify each expression d) the divis7or is p°.
e  Are the answers the same or different (in each pair)? c) 7p?, d) e The answers are different because in c) the leading power had a
e Say why the answers are the same or different greater exponent whereas in d) the leading power had a smaller exponent
a) 73x7° o 7p°+pd e) (a?h)? g) 8r xs? resulting in a fraction answer.
b) 73+ 75 d) 7p® +p° f) a?b? h) 23r x (—s)? e) and f): Both have a, b and squares but in e) the whole product a?b is squared
Answers to: and in f) each variable is squared.
a) and b): Both have the same powers but a) focuses on multiplication whereas b) e) a’b? f) a®b?. The answers are different, squaring the product a®b we
focuses on division. a) 78, b) 7% The answers are different because in a) the geta’h®.
277 g) and h): Both require multiplication however the structures of the powers are
exponents are added together and in b) three pairs of 7s cancel g leaving 1 in different. g) 852, h) 8rsZ. The answers are the same: 237 = 8, and
the numerator and 72 in the denominator. (=s)? = 52,
2) Each statement in the box has an error. 2)
a) A. The bases were multiplied b) A. 3°
A 3*x32=09° a) Describe the error in each statement. B. The x was not squared B. 4x2y?
B. (2xy)* = 4xy? b) Change the part on the right-side of The operation is addition and so the answer C. 3xy
C. xy+zxy+xy=(xy)3 the equal sign to make the statement should not be cubed D. 16+9 =25
D. 42+432=72 true. D. The exponential laws do not work with E. 4dxy
E. xy+3xy=4x2y addition.
E. x andy were added separately, like terms
xy were not added.
3) Simplify: 3)
a) 7.7%7 b) m3 xm® c) 2m®xm® d) m.n3m® a) 7° b) m? c) 2m?® d) mén?
3
SONY T -
2
) Gager D e MM ) el -dhed ) @ g 0 5 )0
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Worksheet 5.1 d

This worksheet focuses on raising a power, a product and a quotient to a further power.

Questions

1)

2)

3)

4)

5)

a)

b)

Match the powers which are the same in the two columns.

Column A Column B
i) (a®z>)% | A a’(z%)3
i) (az?)? B. a®z!®
ii) (a®)3z1% | C. a?z*
iv) a(z)* D. a°z®

E. az*

One of the items in column B will not have a match from column A. Create an item for column A
that will match with this item from column B.

Which of these terms produce the same answer when they are simplified?

(2 X 3)%ap? 6a X 2p? 2a(6p)? 2(3%)p? x2a

(6ap)?
a

State whether the following are TRUE or FALSE. Give a reason for your answer

a)
b)
c)

a)

b)
c)

a)

b)
c)

al.a*=a

(a3)4 =a’

ad+ a3 = 2a3

12

Simplify:

) (6! i) (62)2° iii) —(6°)° iv) (—6°%)°
Which question does not give the same answer as the others?
Explain why.

Simplify. All numbers can be left as powers.

i) (1+2)° i) (4x5)3*1 i) (5x4)*+4(5x4)*
W () 0 =) i () x e
vii) (3a3b?)* x 2.3b%a3 viii)—g(d:fzzlzz(sc)lzeﬂ

Try to do Qb5al(iii) in another way.
Look at Q5a(vi). Explain why you can’t cancel c? in the brackets before applying the laws of
exponents.
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Answers
Questions Answers
1) 1) a) b) Possible match for D:
a) Match the powers which are the same in the two columns.  b) One of the items in column B will not a?.a3.(z%)?
Column A Column B
Column A Column B have a match from column A. - =
— = 5753 . . i) (a®z°)? B
i) (a?z>) A, a’(z>) Create an item for column A that will - RV,
m 292 6,15 . . i) (az®) C
i) (az?) B. a°z match with this item from column B. 3315
N (313,15 2,4 i) (a®)’z A
i) (a®)3z C. a’z . T~
: 4 5.8 iv) a(z') E
iv) a(zl) D. a’z
2 No match D
E. az
2) Which of these terms produce the same answer when they are simplified? 2)
6ap)? (6ap)?
@x3%ap®  6ax2p®  2a(6p) 23pix2a C;p) (2x3)’ap* 2(3%)p*x2a -
3) State whether the following are TRUE or FALSE. Give a reason for your answer 3)
a) ad.a*=a'? a) False. When multiplying powers with same bases, you add exponents.
b) (a®*=a’ b) False. When you raise to a power you multiply exponents not add.
o) a®+a®=2a° c) True. These are like terms so you can add them. Don’t change the exponent.
4) 4)
a) Simplify: a) 1)6*° i) 60 i) —6*0 iv) 640
)0 i) (692 i) —(6%)° iv) (-6%)° b) Qdaliii)
b) Which question does not give the same answer as the others? c) Because the negative is outside the bracket which means you get 6*° x (—1).
c) Explain why.
5) 5)
a) Simplify. All numbers can be left as powers. a)
i) (1+2)° i) (4 x5)3*! i) (5x4)*+4(5x 4)* iy 3¢ i) 205 i) 5(20% v) 5
. 4\8 4\8 ) 2\5 48 . .. ..., dl%16
iv) (4—3) v) — (a—3) vi) (C—Z) x (c?)® v - vi) 25¢%  vii) 2.35a%5p10 viii)
5 3 414 444 424 445 — 404 444\ — 4
vi) (3a3b?)* x 2.3b%a%  viii) 3(d4ez)2><(3d;34) b) 5%4* 4+ 4.5%4* = 1.5%4* + 4.5%4> = 5.5%4* = 5(5%4*) = 5.20
(-3d%e?) or 1(5x4)*+4(5x4)* =5(5%x4)* =5.20*
b) Try to do QS5a(iii) in another way. c) Cancelling involves dividing like factors. But first we need to deal with the
c) Look at Q5a(vi). Explain why you can’t cancel c? in the brackets before applying exponents of 5 and 6 which are applied to the different c2 factors.
the laws of exponents.
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Worksheet 5.2 a
This worksheet focuses on multiplying and dividing powers, exponents & bases are positive or negative, coefficients include
fractions.
Questions

1) Each expression below uses 2x; x and 3. The expressions are grouped into 3 clusters.

A, 2x X 3x a) What is different between A, B and C?

B. 2x3xx b) What is different between D and E?

C. x?>xx3 c) Inwhat way/s is F different from the other
D. 2x =+ 3x 5 expressions?

E. x?+x3 d) Simplify AtoF.

F. 2x+3—x

2) Write the following in symbols:
a) A base x has an exponent of negative three.
b) A base negative x has an exponent of three.
c) The power k cubed has a coefficient of four.

d) b tothe power of two divided by b to the negative two.

N _ 1
3) Learners were asked to simplify (—5a)a™> x =

Four learners used different approaches and each approach is correct.
We have given the first line of each approach below.

5 1 1 1
A =5.aM09 x = B. (=5a) X=X~

C. (=5).at*(=5)+(5) D. =5.a.a®.a™>

a) Describe what each learner did.
b) Complete the simplification for one of the approaches.

4) Simplify. Give answers with positive exponents.

6

a) 2d7° b) — c) 4c%b
d) g*xg° &) K+ n on
’ 5a2p5
—3a3b* u3x SxuSx72 . 22d%ebxd3el?
g) 5a2b5 h) u2x6 I) 24d12€8
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Answers
Questions Answers
1) Each expression below uses 2x; x and 3. The expressions are grouped into 3 clusters. 1)
A, B and C have diff t fx,Ch fficient
A, 2x X 3x a) What is different between A, B and C? a) an aved ere'n' powers ot x, & hias no coetticien
B, 243 X x b) What is different between D and E? b) In D, 2 and 3 are coefficients of x. In E, 2 and 3 are exponents of x.
C. x2 x x3 ) Inwhat way/s is F different from the other 5 c) Ffocuses on the addition and subtraction of terms.
D. 2x +3x expressions? d) 5 5
E. x2+x° d)  Simplify Ato F. A. 6"4 D. F.ox+3
F. 2x+3—x B. 2x e 1
C. x° Cox
2) Write the following in symbols: 2) Answers 3)
. a) x73 a) A:Llearnerused Law 1 with the a’s that are next to each other.
a) A base x has an exponent of negative three. 5 . )
b) A base negative x has an exponent of three. b) (_;C) B: Learner converted a™" to P
- c) 4k
c) The power k cubed has a coefficient of four. ) ) C: Learner grouped powers of a after converting isto a~>and used the
d) b to the power of two divided by b to the negative two. d) L o @
b2 law for multiplying powers of the same base.
3) Learners were asked to simplify (—=5a)a™> x % Four learners used different approaches D: Learner separated the factors and converted % toa~>.
and each approach is correct. We have given the first line of each approach below. b) Answer based on learners’ option
5. gl*-5) 5 L 5a) x Lx L L1
A. —5.a X3 B. (=5a)x_5Xx— A, —5. gt x Ls B. (=5a)x—5X—
_5)4(— 5 _ 4 - -5 —5a -5
C. (=5).a =9+ D. —5.a.a5.a”® =—-5a"*a® == =—7 ==
a) Describe what each learner did. C. (=5).aqt*=5+(5) D. -5 a.a>S.a®
b) Complete the simplification for one of the approaches. -5 -5 5
=-5qg9%=— =-5a"°%=—"0or—=
- : T a a® a®
4) Simplify. Give answers with positive exponents. 4)
_ 6 _ 2 4b
a) 2d7° b) — c) 4c7%b a) — b) 6m> o =
-4y 3 34 . p2:7 3a%p* 1 L 3a
d g*xg e) h3j* =+ h?j i d) &) 3 2
—3a3p4 w3x SxuSx—2 . 224406xd3e12 —3a _2.-7 2. -6_ 1 _d7e'® 10
g) 5a2b5 h) u?x6 ) 24d12e8 g) sb h) wx Luex = i) = 22d12¢8 ~ 2245
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This worksheet focuses on raising a power, a product and a quotient to a further power, exponents & bases are positive or
negative, coefficients include fractions and non-prime bases.

Questions
1)
Column A Column B a) Match the powers which are the same in the
i) (p5)—3 A. pt? two columns.
i) (p~2)2 B. p~%° b) One of the items in column B will not have a
iii) (p2)® c. p* match from column A. Create an item for
iv) (p1)~25 D. p 15 column A that will match with this item.
E. p8

2) Look at the questions in the box below.

A. —(m®)? a) Predict which expressions will give the same answer.
B. (—m3)* b) Work out the answers.
C. ((-m)®)? c) Were your predictions correct?
D. (—m*)3 d) How is expression B different to expression E?
E. ((-m)*)*
. . 6a(a3.p*)~?
3) Answer the following questions about—_Zd(a;b‘,,)5
a) Look at the numerator. What is b) Is6a(a®.b*)? the same as (6a.a>.h*)~2?
the exponent of the base a3.b*? Explain.
c) Look at the denominator. What d) Can we use the law of dividing powers to simplify
is the base that has an exponent (a3.b*)~? and (a3.b*)>? Explain.
of 57
. .. 6a(a3.p*)~?
e) Simplify Y TPEIT

4) Simplify. Give answers with positive exponents.

-3

273 —15,242 g~on’
a) 3ab> x (a 'h?) b) (29—2)
371 c2d3\? cOdt\ "2
9% 0 (52 (22)
371\ "2 -2(xy)® _ (4xy)?
e) (F) ) 2 < xy
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Answers
Questions Answers
1) 1)
Column A Column B a) Match the powers which are a) b) Possible match for E: p~8 = (p?)~*
) )73 A, p*¥ the same in the two columns. Column A Column B Multiple answers based on the
i) (p™2)? B. p % b) One of the items in column B will ) @7 D factors of 8. One number has to be
i) (p*)° c. p* not have a match from column A. i) (p?)? ¢ positive and the other negative.
ee 2 6
iv) (pt)~%5 D. p%® Create an item for column A that i) () A
v) (pH)™* B
V) E. p8 will match with this item..
No match E
2)

2) Look at the questions in the box below

A. —(m®)? a) Predict which expressions will give the same answer. a) AandD are the same and B, C and E are the same.
B. (—m3)* b) Work out the answers. b) . . . . .
C. ((=m)®)*> |c) Were your predictions correct? A —m B. m . m D. —m E..m
D. (-m*)? d) How is expression B different to expression E? ¢) Based on learners answers.
E. ((-m)®»* d) InB, onlymis raised to the power of 3.In E,—m is raised to the power of 3.
. . _6a(a.ph)? 3)
3) Answer the following questions about: 2@ b
a) Look at the numerator. Whatisthe  b) Is 6a(a®. b*)~2 the same as a) -2 b) No, the 6a is not raised to the power of—2.
exponent of the base a3. b*? (6a.a3.b*)~2? Explain.
T 3 4
c) Look at the denominator. What is d) Canwe use the law oi;d|\2d|r;g c) a.b d) Yes, the bases are the same.
the base that has an exponent of 5? powers to simplify (a®.b*)~
and (a3.b*)°? Explain. e) = 6a ___ 3 ___ 3
. .. 6a(ad.bp*)~? —2d(a3.p%)7 d.a21p28 220p28g
f) S|mp||1‘y—_2d(a3.b4)5
4) Simplify. Give answers with positive exponents. 4)
_ 3-1 3-1 -2 g‘6h7 -3 7 E 3 2 32 23912
a) 3 x @ b S g (2) a) - ) a) 3b b) - o () =3 d %
c2a3\? _ (a2 —2(x)%  (4xy)? 842 A 32x2y2
e) (d‘z) x ( c? ) f (=xy)? X xy e ¢ ) Y
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Worksheet 5.2 c
This worksheet focuses on multiplying and dividing powers, exponents & bases are positive or negative, coefficients include
fractions.

Questions

1) Each expression below uses 4; a and 6 in various ways. The expressions are grouped into 3 clusters.

A. 4a X 6a a) Whatis the same and what is different between:
B. 4ax6 i) A,BandC

C. (aH° i) Dand E

D. a®-+a* iii) Fand G

E. a*-+a® b) Simplify Ato G.

F. 6a—4a

G. 6a-+4a

2) Write the following in symbols:
a) A base p has an exponent of negative five.

b) A base negative 3m has an exponent of five.
c¢) The power b squared has a coefficient of a half.
d) c tothe power of three divided by c to the negative four.

e) Five y squared is raised to the power of five.

3) Learners were asked to simplify (—=7a)a™’ x % Two learners used different approaches and each
a

approach is correct. We have given the first line of each approach below.
_ 1 11
A, —7. a1+( 7) X ? B. (—761) X ? X ?

a) Describe what each learner did.
b) Complete the simplification for both approaches

4) Simplify. Give answers with positive exponents.

12
6m—6

a) 3d°8 b)

c) 5¢73%

d) g7 x(=3)g* e hZE+(h%8)  f &L

7a2b5

3 1

—7a3c* u~

h wSxulw=2 . 32d%d®xd%d1?
5a2¢c—5 )

u3wbé I) 3—4q1248

g)
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Answers
Questions Answers
1) Each expression below uses 4; a and 6 in various ways. The expressions are grouped 1)
into 3 clusters. a) InAto Gthe numbers 4 and 6 and letter a is used.
i) Allinvol Itiplication. The diffi isthatin Aand B, 4 and/or 6
A. 4a X 6a a) What is the same and what is different between: L |n\'/c'v vemu IP cation. the difference 1s that in A an and/or 6 are
. coefficients but in C, 4 and 6 are exponents.
B. 4ax6 i) A,BandC . . . . .
6 . ii) Both D and E involve division. The difference is that the exponents in D
C. (a% i) DandE dE d d
D. @+ d” li) Fand G iii) ;nth areéfwopzz aLOlin' ‘F th tion is subtracti dinGth
E at=qgb b)  Simplify Ato G. iii) Bo u'se .a a.n. . a butin e operation is subtraction and in e
F. 6a—4a operation is division
G. 6a-+4a b) A 24a® B. 24a C a** D. a® E — F 22 G >
2) Write the following in symbols: 2) Answers 3) Learners were asked to simplify (=7a)a™7 x a_17 Two 3) Answers
— _s
ta)) 2 Ease p hast.an e3xpc;1nent of negatlvte f:cve. a) p ] learners used different approaches and each approach is a) A adde<7:l the exponents of a
) ) ase negative Sm has an exponent 0 b) (1—3m) correct. We have given the first line of each approach and a”"as they are multiplied
five. c) =b? below and have the same bases.
c) The power b squared has a coefficient of a 23 ’ om 1
d = Ty 1 1 1 B used thelaw a™ = —-to
half. = A —7.a* D x = B (=T7a) X=X — L a
d) c tothe power of three divided by c to the e) (5y%)° ¢ ©o rewrite a”"with a positive
negative four. a) Describe what each learner did. exponent.
e) Five y squared is raised to the power of b) Complete the simplification for both approaches. b)
five. 7q-6 7
A =-— =
7a 7
B. - aj = al3
4) Simplify. Give answers with positive exponents. 4)
-8 12 -3 3 6 Sk
a) 3d b) —= c) 5c7°k a s b) 2m A =
-5 _ 4 2:3 . 3.8 4a*p® d _i L 4a’b
d g7 x(=3)g e) h%7 =+ (h)°) f) -~ ) =3 &) 5 ) =
—7a3c* u 3w Sxulw™2 . 32d*d%xd%al? 7ac® 1 . 36
g) 5a2c—5 h) w3wé I) —3_4d12d8 g) - p h) _u5w13 |) E
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This worksheet focuses on raising a power, a product and a quotient to a further power, exponents & bases are positive or
negative, coefficients include fractions and non-prime bases.

Questions
1)
Column A Column B a) Match the powers which are the same in the two columns.
i) 2.6%a™*+4a® | A. 8a* b) One of the items in column B will not have a match from
i) 2a* x 6a* B. 38216,8 column A. Create an item for column A that will match with
iii) (3.22a)8 C. 18a® this item.
iv) 2a* + 6a* D. 12a®
E. 18a*
2)

a) Explain why (5.2%2x)° is not the same as 20x°

b) Explain why 3a* x 7a* does not equal 21a'®

c) Explain why 3a* x 7a* does not equal 21a*

d) What errors were made in the following response:
(6a* x 4a°)3® = 10a?°*3 = 10a%*?
Give the correct answer.

2(,-3,,4\—5
3) Answer the following questions about: 72y

—14Z(x3y4)7
a) Look at the numerator. d) Simplify to have only positive exponents:
What is the exponent of the base x3y*? (x3yH~>
b) Look at the denominator. . 7z2(x3yH)S
. e) Simplify —————
What is the base that has an exponent of —77? —14z(x3y*)
c) Is7z2(x3y*) 7> the same as (7z%x3y*)~>?
Explain.
4) Simplify. Give answers with positive exponents.
216 1p-3y-2 KT\ (873
o a4 @) 0 (52) " (52)
1471 mon3\ 2 mon3\ "6
b) 7-1 e) (mz)x(mz)
1471\ 72 -3(ab)® _ (5ab)?
) (7—1 ) f) (ab)? X —ab
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Answers
Questions Answers
1) 1) b) Possible match for C:
Column A Column B a) Match the powers which are the same in a) 32.2a%. (a®)?
v) 2.6%a7* =+ 4a® F. 8a* the two columns. Column A Column B
vi) 2a* x 6a* G. 3821648 b) One of the items in column B will not have a i) 2.6%a7* = 4q8 E
vii) (3.22a)° H  184° match from column A. Create an item for i) 2a*x6a* D
Vi) 2a* + 6a* L 1248 column A that will match with this item. i) (3.220)8 B
). 18a* iv) 2a*+ 6a* A
No match C
2) 2)
a) Explain why (5.22x)® is not the same as 20x° a) In (5.22x)° the coefficient 20 is raised to the power of 6.
b) Explain why 3a* x 7a* does not equal 21a'® b) When you multiply powers with the same base, you add exponents.
c) Explain why 3a* x 7a* does not equal 21a* c) When you multiply powers with the same base, you add exponents.
d) What errors were made in the following response: d) The coefficients of 6 and 4 should be multiplied to get 24. The exponents 4
(6a* x 4a%)? = 10a2°%3 = 10a?*? and 5 must be added to get 9. This gives (24a°)* which gives 243. a?’
Give the correct answer.
3) Answer the following questions about: % Y a) -5
a) Look at the numerator. d) Simplify to have only positive b) x3y*
What is the exponent of the base x3y*? exponents: (x3y*)™° c) No because in the first expression we are not raising the 7z2 to the
b) Look at the denominator. What is the base e) Simplify 722 (x3y*) > power of —5
that has an exponent of =77 ~lazGeyhy d) (x3y*)~5 with positive exponents is L or——
c) Is7z%(x3y*)75 the same as (7z2x3y*)~5? ; ; ; (3y®)S = x15y20
Explain. e) 203yN75 T 2(3yH)IZ | 2x36,48
4) Simplify. Give answers with positive exponents. 4)
_ _ — . — —E . 6
2 407+ @b b)) M g (N7 g () k(L) a) & b) 2 Q) 4 d) 1
mon3\2 _ (mon3\"® -3(ab)® _ (5ab)? e) (mof) ! = ngz f) —3ab.(—5)ab = 15a°b?
e) ( m2 ) x ( m2 ) f) (ab)? x —-ab m n
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