NUMBER AND ALGEBRA

TOPIC 1

'9 Indices

1.1 Overview
Why learn this?

Don’t you wish that your money could grow as quickly as a culture of
bacteria? Perhaps it can — both financial investments and a culture
of bacteria can grow exponentially, that is, according to the laws of
indices. Indices are useful when a number is continually multiplied by
itself, becoming very large, or perhaps very small.

What do you know? asse55@

1 THINK List what you know about indices. Use a
thinking tool such as a concept map to show your list.

2 PAIR Share what you know with a partner and then with
a small group.

3 SHARE As a class, create a thinking tool such as a large
concept map that shows your class’s knowledge of indices.

Learning sequence

1.1 Overview
1.2 Review of index laws

1.3 Negative indices
1.4 Fractional indices
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NUMBER AND ALGEBRA

1.2 Review of index laws

* When a number or pronumeral is repeatedly multiplied by itself, it can be written in

a shorter form called index form.

* A number written in index form has two parts, the base and the index, and is

written as:
A ~
Base a® Index
SN— (power or
exponent)

* Another name for an index is an exponent or a power.
* Performing operations on numbers or pronumerals written in index form requires the

application of the index laws.
First Index Law: When terms with the same base are multiplied, the indices are added.

amXanzam+n

Second Index Law: When terms with the same base are divided, the indices are
subtracted.

am = an — am —n
Y 0)
Simplify each of the following. 25y
a m*n’p x m*np? b 2a*h’ x 3ab* c 4
10x2y3
THINK WRITE
a 1 Write the expression. a m*n’p x m*n’p?
2 Multiply the terms with the same base by =m*+2pd+opl+3
adding the indices. Note: p = p'. = m®ndp*
b 1 Write the expression. b 24°b3 x 3ab*
2 Simplify by multiplying the coefficients, =2x3xa?t!'xptt
then multiply the terms with the same = 6a’b’
base by adding the indices.
5.4
¢ 1 Write the expression. c 2%y
10x%y3
. . 15— 24 -3
2 Simplify by dividing both of the — Y
coefficients by the same factor, then s 5
divide terms with the same base by _xy
subtracting the indices. 5

4 Maths Quest 10 + 10A

Third Index Law: Any term (excluding 0) with an index of 0 is equal to 1.
a=1,a+#0




NUMBER AND ALGEBRA

WORKED EXAMPLE 2

Simplify each of the following.

a (2b%)° b —4(a’h®)°

THINK WRITE

a 1 Write the expression. a (2b%)°
2 Apply the Third Index Law, which states =1

that any term (excluding 0) with an index
of 0 is equal to 1.

b 1 Write the expression. b —4(a2b%)°
2 The entire term inside the brackets has an =—-4x1
index of 0, so the bracket is equal to 1.
3 Simplify. =—4

Fourth Index Law: When a power (@) is raised to a power, the indices are multiplied.
(am)n — amn

Fifth Index Law: When the base is a product, raise every part of the product to the
index outside the brackets.

(ab)™ = a™b™

Sixth Index Law: When the base is a fraction, multiply the indices of both the
numerator and denominator by the index outside the brackets.

WORKED EXAMPLE 3 JRI ] CASIO ]

Simplify each of the following. g
a @n%? b (3a%7)3 c (%) d (=4
y
THINK WRITE
a 1 Write the term. a (2n%3
2 Apply the Fourth Index Law and simplify. = 21 X3 x ptx3
— 23,12
= 8n'?
b 1 Write the expression. b (3a%b7)3
2 Apply the Fifth Index Law and simplify. =31X3 x g2 %3 x p7*3
— 33a6b21
= 27a%?!

Topic 1 ¢ Indices 5



NUMBER AND ALGEBRA

) ) 3\ 4
¢ 1 Write the expression. c (296)
¥
. . . 21 x4 % x3 X 4
2 Apply the Sixth Index Law and simplify.
y4 X 4
_16x!?
- 16
d 1 Write the expression. d (—4)3
2 Write in expanded form. =—4x-4x-4
3 Simplify, taking careful note of the = —64
negative sign.
assess@ Exercise 1.2 Review of index laws
INDIVIDUAL PATHWAYS
REFLECTION H PRACTISE H CONSOLIDATE B MASTER
Why are these laws called Questions: Questions: Questions:
IR T 1a-f, 2a~f, 3a—f, 4a—f, 6, 7a-f, 1d-i, 2d-i, 3a-f, 4e-, 6, 7af, 10, 20, 3, 4d-0, 5, 6, 7c-i, 8-16

9, 10 9-11, 15
[l M N Individual pathway interactivity int-4562

— FLUENCY
@ 1 WEETY Simplify each of the following.

Digital docs a a®xa b a>xa*Xa c bx b xb?
DeisHEE! d ab* x a’b’ e m’nS x m*n’ f a’bc x a’b*c?
doc-5168 5.3 4 . 213 2 15
SKIISHEET g mnp X m’n°p h 2a X 3ab i 4a°b’ X Sa°b x 2b
Using a calculator to ) 1 1
evaluate numbers i 3m’ X 2mn® X 6m*n® k 4x* X Exy3 X 6x7y3 I 2x%y? X 4x X §x4y4
ohven K ndes o 2 [IZH Simplify each of the following.
\ J a a*+ad b a +a? c bo+ b
44’ 21b° 48m?
d — e — f
3a’ 7b? 123
7.3 2 4,,3
an h albd i 6x’y - 8x*
m*n? 4xty
20 5,3,,4 14 3,42
16m*n3p? 28x2y?7?
3 I Simplify each of the following.
a a’ b (2b)° ¢ (3m2)
d 3x° e 4b° f =3 x (2n)°
0
9 4a — (%) h 50— 12 i 5x0 — (500

6 Maths Quest 10 + 10A



4 BIE) Simplify each of the following.

a

d

9

(@)’

()

(2m3n5)4

()
n2

b (245

e (a®b)?
2.\3
h (3m n)
4
3
. (Z£>
2y5

m (=3)° n (=7)?
5 [ a  2m'% is the simplified form of:
6m10n4
A mond X 2m*n?
3n
5\2
D 2n(m)? x n* E <2ﬂ>
n’
b The value of 4 — (5a)° is:
A -1 B 9
D 3 E 5
6 L4 a 4a’b x b* x 54°b° simplifies to:
A 9a°b8 B 20a°b’
D 9a°b’ E 21a°b®
9 6
1527 X 337 simplifies to:
Ox'0 x x*
A S5x° B 9x
D 9x° E Sx
7 9
c Sp X 8q” simplifies to:
12p x 4¢°
4 4
pq
A 24 B ——
1 2
4 4 4
n P4 e L
24 24
5,3 3.2
d Ta’b” + Tba” simplifies to:
540>  5b’a*
3 3
A 49a’b B 25a’b
25 49
3
5 ab? E 25ab
49
UNDERSTANDING
7 Evaluate each of the following.
a 22x22x2 b 2x 3% x2?
3% x 46
d e (2°x5)?
34 x 44
4% x 56
g h (33 x 240
4% x 5

f (3d3b?)?

()
(&)

o (=2)°

c (2m’n?)?

¢ 20a°b®

BN

c (52)2
e

i 4(5% x 35)0

NUMBER AND ALGEBRA

Topic 1 ¢ Indices 7
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8 Simplify each of the following.
a (@)% b a’x (p?)°
a b 0 a**
c m* X n’ X (mn) d E
3,2
e n'm f (am + n)p
n’mi
REASONING
9 Explain why a* X a> = @’ and not a®.

10
11

Is 2x ever the same as x*? Explain your reasoning using examples.
Explain the difference between 3x” and (3x)°.

12 a In the following table, enter the values of 3a? and Sa whena =0, 1, 2 and 3.

13
14

a 0 1 2 3

3a?

Sa

3a® + Sa

3a% X 5a

b Enter the values of 3a> + 5a and 34 X 5a in the table.
¢ What do you think will happen as a becomes very large?
Find algebraically the exact value of x if 4°+! = 2%, Justify your answer.

Binary numbers (base 2 numbers) are used

in computer operations. As the name implies,
binary uses only two types of numbers, 0 and

1, to express all numbers. A binary number

such as 101 (read one, zero, one) means
Ix2)+O0Ox2H+ (1 x2=44+0+1=5
(in base 10, the base we are most familiar with).

The number 1010 (read one, zero, one, zero) means
(Ix2)+O0x2)+Ax2H+ 0x2%=
8+0+2+0=10.

If we read the binary number from right to left,
the index of 2 increases by one each time, beginning
with a power of zero.

Using this information, write out the numbers 1
to 10 in binary (base 2) form.

PROBLEM SOLVING

15

8 Maths Quest 10 + 10A

Solve for x:
7 % 71+2x
a _
(7?2
b 2% —502% =—-4
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16 For the following:
a calculate the correct answer
b identify the error in the solution.

a2b3c 3 a3b2c2 2 36‘ 3 abzcz 2
) Ve ) T\ U
be \? ac*\?
= | — X —_—
(5] (%
_ <abc3 6
b
()
Ul
— 4518

CHALLENGE 1.1

It was estimated that there were

4 x 10'% locusts in the largest swarm
ever seen. If each locust can consume
2 grams of grain in a day, how long
would it take the swarm to consume

1 tonne of grain?

1.3 Negative indices

3
* Consider the expression a_s' This expression can be simplified in two different ways.
a

3 -
. . a aXaXa Interactivity
1. Written in expanded form: — = Colour code breaker
G axaxaxXaxXa int.2777
1
X a

2. Using the Second Index Law: & = 43-5

Topic 1 ¢ Indices 9



NUMBER AND ALGEBRA

0
* In general, in = a_n (1 =a%
a a

= a7 (using the Second Index Law)
=q™"

Seventh Index Law: a™" = in
a

* The convention is that an expression should be written using positive indices and with
pronumerals given in alphabetical order.

WORKED EXAMPLE 4

Express each of the following with positive indices.
a x3 b 2m*n? e 4
a-3
THINK WRITE
a 1 Write the expression. a x3
2 Apply the Seventh Index Law. _1
3
b 1 Write the expression. b 2m~4n?
. 2
2 Apply the Seventh Index Law to write the _ 2
expression with positive indices. m*
¢ 1 Write the expression and rewrite the fraction, c 4 _ 4 = g3
using a division sign. a3
2 Apply the Seventh Index Law to write the —4 = 1
expression with positive indices. a’
3 To divide the fraction, change fraction division —4x L
into multiplication. 1
=4a3

* Part ¢ from Worked example 4 demonstrates the converse of the Seventh Index Law
1

—-n

=a’
a

WORKED EXAMPLE 5 JRI ] CASIO ]

Simplify each of the following, expressing the answers with positive indices.
2x4y? 3\ -2
a a’h3 x a>bh p XY c <2i>
3xy’ n=?
THINK WRITE
a 1 Write the expression. a a’h3xab
2 Apply the First Index Law. Multiply terms with =a*t p 31
the same base by adding the indices. =a3b?
3 Express the answer with positive indices. .
a’*h?

10 Maths Quest 10 + 10A



NUMBER AND ALGEBRA

b 1 Write the expression.

2 Apply the Second Index Law. Divide terms with
the same base by subtracting the indices.

3 Express the answer with positive indices.

¢ 1 Write the expression.

2 Apply the Sixth Index Law. Multiply the indices
of both the numerator and denominator by the
index outside the brackets.

3 Express all terms with positive indices.

4 Simplify.

2x4— 1y2—5

* Numbers in index form can be easily evaluated if they are expressed with positive

indices first. Consider the following example.

WORKED EXAMPLE 6

Evaluate 6 x 3~ without using a calculator.

THINK WRITE
1 Write the multiplication. 6x 373
2 Apply the Seventh Index Law to write 373 with a — 6 x 1
positive index. 33
3 Multiply the numerator of the fraction by the whole _6
number. 33
4 Evaluate the denominator. _6
27
5 Cancel by dividing both the numerator and _2
denominator by the highest common factor (3). 9
Exercise 1.3 Negative indices
INDIVIDUAL PATHWAYS
H PRACTISE H CONSOLIDATE H MASTER
Questions: Questions: Questions:
1a—i, 2a—i, 3a—f, 4, 5a—e, 6a—Db, 1a-i, 2a-i, 3c-h, 4, 5a—-g, 6, 7, 1, 260, 3¢, 4, 5d-j, 6, 7, 8c—,
8a-c, 9, 11a, 12 8b—-e, 9, 11a-b, 12, 13, 15, 18 9-18

Il M M Individual pathway interactivity int-4563

N
plus |

assess @

REFLECTION

Are there any index laws from
Section 1.2 that do not apply to
negative indices?

Topic 1 ¢ Indices 11
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FLUENCY

1 B3 Express each of the following with positive indices.

a x‘s

4 3
dSa

g 6a’b~ 1

ji —
3b72

b y‘4

e 3x%y3

h L
a6
Ta=*

Kk ——
2bh73

2a~°
92,34
2
3a~*
2mn~
3a2p*

5

2 WX Simplify each of the following, expressing the answers with positive indices.

a abrxab!

d 4a3b* = a®b

6m*n
6

2n3m

i Qa’mhH™

2\ -3
. (2)
34°

3 I3 Evaluate each of the following without using a calculator.

h

b 2x7%y x 3x7*y~?
e 2xy% + 3x%y°

4 2.9
h 2
x7y—3

k 4 (p7 q—4) -2
()
n —_—
2b3

b 672

e 473 x 22

4 x 373
2—3

53 x 259

252 x 57

4 Write each of these numbers as a power of 2.

a 8

a 125=5~
e 0.01 =10~

.1
i 64_2

c 32

5 Complete each statement by writing the correct index.

— 4 1
b —=4 c
f 1=8~ g 6

.1
) 64_8

6 Evaluate the following expressions.

- (o]
()

.
i

“ (

7 Write the following expressions with positive indices.

“

8 Evaluate each of the following, using a calculator.

a 39
-8
1
()

12 Maths Quest 10 + 10A

b 1274

4ol

3m*n=> x m™n3

c
f 5x72y3 + 6xy?
i 2m?n~4
6mn~!
I 3(a 2~ H*
(55)
o
3p2
c 3¢
f 5x672
i % X 572 x 3%
| 3* x 42
123 x 15°
1
d &
d 216 =6
1 —
h i
A\
« (2)
3\ -1
« ()
n
c 77
f (0.04)7



9 I a x7is the same as:

A —x° B —5x C 5x D

1 . )
b —— is the same as:

—4

a

A da B —4a c a* D
c éis the same as:

A 23 B 23 c 32 D

4
10 [l a Which of the following, when simplified, gives %?
n

—4,-2
A 3m4” B 3x272xm*xn?
2,-2
2 E 3m* x 22
3—1m—4
b When simplified, 3a2b~" + %a‘4b6 is equal to:
2
4 g 9a” D
a®p13 4a0 4b
¢ When (2x%y)73 is simplified, it is equal to:
18 18 12
27 Ead c - D
y12 8y12 8x18
x\3 9
d If (%) is equal to %, then x and y (in that order) are:
a
A —3and -6 E -6 and -3
D —3and -2 E -2and -3

UNDERSTANDING
11 Simplify, expressing your answer with positive indices.
(m3n—2)—7

(m—5n3)4

m_3n_2

m‘5n6

a

12 Simplify, expanding any expressions in brackets.
a P+ -5 b (m> + n’)?
+1\b +b +1\ -4
()P x S (P
ab+1) se (20 il
13 Write (&) in the form 297+%,

22" x 16
14 Write 27 X 37 x 6% x 32" x 22" as a power of 6.
15 Solve for x if 4 — 4~ = 48,

REASONING

16 Explain why each of these statements is false. Illustrate each answer by substituting a

value for the pronumeral.
a 5x%=1 b 9x° + 3x° = 3x ca+ad=ad

NUMBER AND ALGEBRA

1 e L
X X
% E —a*
a

=) 1
3 E =

)
c 3n
2—2m—4

4a’ . 4d
p13 b
8y12 x18
' T on

C —3and?2

. 5(a’h=3)? . (5a=?p)~!

(ab=4~1 "~

p8(x+1) p2

(pr)4 X (p12x)0

d 2¢4 = 1
204

(a=*b)?

Topic 1 ¢ Indices 13
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PROBLEM SOLVING
17 Solve for x and y if 57 = 625 and 3% x 3¥ = 243,
35¢
72 x 57
18 Solve for n. Verify your answers.
a (2'x 2 x4=1 b

Hence, evaluate

(3n)n X (3n)—1 _

1
81

1.4 Fractional indices

» Terms with fractional indices can be written as surds, using the following laws:

* To understand how these laws are formed, consider the following numerical examples.
1

1 1
We know 42 x 42 = 41
and that V4 x V4 =V16
=4

1
It follows, then, that 42 = /4.

1 1 1
Similarly, we know that 83 x 83 x 83 = 8!

and that V/8 x /8 x V8 =V/512

=8

1
It follows, then that 83 = /8.

—

This observation can be generalised to d'=Va.

. n mx L m Lm
Now consider: a” = a

or a"=d"
1 1
= (@™ = (a")"
=Va" = Vay

Eighth Index Law: a" = Va" = (Va)"

WORKED EXAMPLE 7

Evaluate each of the following without using a calculator.
1

1 3
a 9% b 162
THINK WRITE

33 |

1
a 1 Rewrite the number using the Eighth Index Law. a 9% = \/9

2 Evaluate. =3
3
m Bl
b 1 Rewrite the number using a" = (%)m, b 16° = ‘(L}/EP
2 Simplify and evaluate the result. =64

14 Maths Quest 10 + 10A



WORKED EXAMPLE 8 BRI ] CASIO ]

NUMBER AND ALGEBRA

Simplify each of the following. R %
12 1 3
a m’xm’ b (a?b?) c x_3
yZ
THINK WRITE
a 1  Write the expression. a 1 2
m> X m’
2 Apply the First Index Law to multiply terms with 3
the same base by adding the indices. =m’
b 1 Write the expression. b 1
(a2h?)
2 Use the Fourth Index Law to multiply each index % %
inside the brackets by the index outside the brackets. =a’b
3 Simplify. 11
= a’h?
¢ 1 Write the expression. c 1
A
3
v
2 Use the Sixth Index Law to multiply the index in both %
the numerator and denominator by the index outside .
the brackets. y%

Exercise 1.4 Fractional indices

INDIVIDUAL PATHWAYS

assess @

H PRACTISE

Questions:

1-5, 6a, d, g, 7a, d, 8a, d, g, 93,
d, 10a, d, g, 11a, d, g, 12, 13,

H CONSOLIDATE

Questions:

1-5, 64, b, e, h, i, 7a, b, ¢, f, 8a,
b,d, e g, h 9 b,d, e, 10b, ¢,

H MASTER

Questions:

1-5, 6¢, 1,1, 7¢, f, 8¢, f, i, 9b, ¢, €, f,
10c, f, i, 11c, f, i, 1219

14a, d, g, 15, 16 h, 11b, e, h, 12, 13, 14b, ¢, h,
15, 16, 17
I M M Individual pathway interactivity int-4564
FLUENCY
1 [IIZ2 Evaluate each of the following without using a calculator.
1 1 1 1
a 162 b 252 c 812 d 8
2 Write the following in surd form.
1 1 2
a 152 b m* c 7
3 1
e W8 f W1.25 g 535

3 Write the following in index form.

a Vit
e\%? f

b\d/; c

5
WIO

1 1
e 643 f 814
5
d 72
h 03

REFLECTION

Why is it easier to perform
operations with fractional
indices than with expressions
using surds?

=D

Digital docs
SKillSHEET

Addition of fractions
doc-5176
SKillSHEET
Subtraction of fractions
doc-5177
SKillSHEET
Multiplication of
fractions
doc-5178
SKillSHEET

Writing roots as
fractional indices

N doc-5179

Topic 1 ¢ Indices 15
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16

4 Without using a calculator, find the exact value of each of the following.

2 4
a 8 b 8
3 2
e 252 £ 273
6
i 102 i 360

c 325
g 273
1

k 72

4
d 32°
3
h 814
1
1123

5 Using a calculator, evaluate each of the following. Give the answer correct to

2 decimal places.
1

a 33 b
1
d 8 e

3

2\
— h

9(3)

1

52
3
128

6 WY Simplify each of the following.

3 1
a P xP b
3 2
d x* xx° e
2
g —4y* xy° h
7 Simplify each of the following.
23 13
a a’b* x a*b* b
3 12
d 6m’ x %m“n5 e
8 Simplify each of the following.
1 1
a 32+33 b
6 3
d a +a e
3
4
2 h
3
4x°
9 Simplify each of the following.
43
a *y? + 13 b
4 21
d 10x3y + 5x3y* e
10 Simplify each of the following.
3 3
a (2%) b
1
d (a3) 10 e
14
315
a 4(p7) h

Maths Quest 10 + 10A

1 3
28 x 28
1 1
Sm3 x 2m’
3 3
%ag x 0.05a*

axal
3 2
b7 x 4b7
1
5x3 x X2

1 34
2ab? x 3a°b°
231

33
2a°b3¢* x 4b*c?

3
122 = 122
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11 [ Simplify each of the following.

113 3 37
a (a?b3) b (a*b)* c (x°y8)?
1 1 3 2
1333 1222 at 3
d (3ab5c?*) e 5(x%32) f <;)
1 1
s\’ 5\2 2
m’ b’ 4x7
g — h — i —
7 4 3
n® o 2y4
2
12 [ [ a y’isequal to:
1 1 1
A () B y X% c 02 o 2Vy E(09)

2
b k3 is not equal to:

1 1 1
no(k3)? B Vi c (k) o (V2?2 E ®)}
c is equal to:
o
2 _2 5 3 1
A g B g3 c g D g? E 2g°
3m 1
13 [l a If (a*)" is equal to a*, then m and n could not be:
A land3 B 2and6 C 3and8 D 4and9 E both C and D
N
b When simplified, (a_n) is equal to:
bﬁ
m p mp m
p n n np
AL B L c p & e 2
n n n b nm
b" b" b" br

[y

14 Simplify each of the following.
a Vb b Vb c Vm!t d Viex* e V8
fVi1exdy2 g V27mdn!S  h V32p%° i V216458

UNDERSTANDING

15 The relationship between the length of a pendulum (L) in a grandfather clock and the
time it takes to complete one swing (7) in seconds is given by the following rule. Note
that g is the acceleration due to gravity and will be taken as 9.8.

1
T= 2ﬂ(11>2
8

a Calculate the time it takes a 1m long pendulum to complete one swing.
b Calculate the time it takes the pendulum to complete 10 swings.
¢ How many swings will be completed after 10 seconds?

REASONING
16 Using the index laws, show that V3240 = 2ab?.

Topic 1 ¢ Indices 17



NUMBER AND ALGEBRA

17 To rationalise a fraction means to remove all non-rational numbers from the denominator

2
of the fraction. Rationalise — % by multiplying the numerator and denominator by
3+Vb
3—V/b3, and then evaluate if b = a*> and a = 2. Show all of your working.

PROBLEM SOLVING

2 1 2 2

2 11 2
m> — 2m’n® + nd — pd
1 1 1 '

5

18 Simplify

m’ —nd —pd
19 A scientist has discovered a piece of paper with a complex formula written on it. She
thinks that someone has tried to disguise a simpler formula. The formula is:

Y 13 .24 /1,3 35\2 2 \3
aa\/b_xb3x(\/a_b)x(b )
a'b b? Vb
a Simplify the formula using index laws so that it can be worked with.
b From your simplified formula, can a take a negative value? Explain.

a

Digital doc
WorkSHEET 1.1 ¢ What is the smallest value for a for which the expression will give a rational

doc-5180 . .
answer? Consider only integers.

1.5 Combining index laws

* When several steps are needed to simplify an expression, expand brackets first.

* When fractions are involved, it is usually easier to carry out all multiplications first,
leaving one division as the final process.

* Final answers are conventionally written using positive indices.

WORKED EXAMPLE 9

Simplify each of the following.
(2a)4b4 3n—2 X 9n+1
6a3b2 b 81n—1
THINK WRITE
44
a 1 Write the expression. (2a)
6a’b?
2 Apply the Fourth Index Law to remove the _ 16a*p*
bracket. " 6a3b>
3 Apply the Second Index Law for each _ 8a*3pt2
number and pronumeral to simplify. - 3
4 Write the answer. _ 8ab?
3
n-2 n+1
b 1  Write the expression. b 38?”‘9]
2 Rewrite each term in the expression so that 372 x (3%)n+l
it has a base of 3. - 4yn—1
(3%
3 Apply the Fourth Index Law to expand the 32 322
brackets. T 3dn—4

18 Maths Quest 10 + 10A



4 Apply the First and Second Index Laws to
simplify and write your answer.

NUMBER AND ALGEBRA

33n
34n—4

3n—4

WORKED EXAMPLE 10

Simplify each of the following.

3
a (2a°h)* x 4a%h3 Xy
(3x%y2)2
THINK
a 1 Write the expression.

2 Apply the Fourth Index Law. Multiply
each index inside the brackets by the index
outside the brackets.

3 Evaluate the number.

4 Multiply coefficients and multiply
pronumerals. Apply the First Index Law
to multiply terms with the same base by
adding the indices.

b 1 Write the expression.

2 Apply the Fourth Index Law in the
denominator. Multiply each index inside the
brackets by the index outside the brackets.

3 Apply the Second Index Law. Divide terms

1 .
4 Usea™ = —_to express the answer with
a
positive indices.

Write the expression.

2 Simplify each numerator and denominator
by multiplying coefficients and then terms
with the same base.

3 Apply the Second Index Law. Divide terms

4 Simplify the numerator using a° = 1.

with the same base by subtracting the indices.

with the same base by subtracting the indices.

2mn x 3m'n?
Tm3n3 x mn?
WRITE
a  2a%h)* x 402
= 2%a'2p* x 4a*b3

= 16a'2b* x 4a*b>

=16 X 4 X a'2+2p*+3
= 64a'*p’

b Txy?
(3xy?)?

_ Ty’
9x§y4

__7x_5y_1

2mn X 3m’n*

Tm’n3 x mn?
6nﬂ2n5
Tm*n’

(]

_ 6m®n®
7

:6m8><1
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WORKED EXAMPLE 11 [RE ] CASIO ]

Simplify each of the following.
. (5a%b3)? a*b® 8m*n=4 . 4m~*n~*
al® (@)’ (6mn?)3 6m—>n
THINK WRITE
273)2 215
a 1 Write the expression. a (@ b x 4 b
al 0 ( 613 b) 7
476 21,5
2 Remove the brackets in the numerator of _25d’b a’b
the first fraction and in the denominator of a'? a*'p’
the second fraction.
65,11
3 Multiply the numerators and then multiply _ 25a°b
the denominators of the fractions. a'b’
(Simplify across.)
4 Divide terms with the same base by = 25q~25p*
subtracting the indices. (Simplify down.)
4
5 Express the answer with positive indices. = %
a
3,74 A2t
b 1 Write the expression. b Sm n2 LR
(6mn?)3 6m=n
3,4 —2,-4
2 Remove the brackets. _ 8mn™  AmTn
216m’n®  6m™n
3, —4 -5
3 Change the division to multiplication. _ 8m'n om™n
216m*n®  4m~>n~*
-2,-3
4 Multiply the numerators and then multiply _ A8m~n"
the denominators. (Simplify across.) 864mn*
-3,-5
5 Cancel common factors and divide _mn
pronumerals with the same base. (Simplify 18
down.)
6  Simplify and express the answer with = 13 :
positive indices. 18m’n

Note that the whole numbers in part b of Worked example 11 could be cancelled in step 3.

assess(Q) Exercise 1.5 Combining index laws
INDIVIDUAL PATHWAYS

REFLECTION B PRACTISE B CONSOLIDATE B MASTER

Do index laws need to be Questions: Questions: Questions:

performed in a certain order? 1a-d, 2a-d, 3a-d, 4a-d, 5a-d,  1c-h, 2c—f, 3c-g, 4bf, 50, 1, 2e-i, 3, 40—, 5e-h, 6-10,
6,79, 10, 11a, d, 12 6-10, 11b-e, 12 1o, 12-15

)
I M M Individual pathway interactivity int-4565
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FLUENCY
1 NELE Simplify each of the following.

a (3a*h?)3 x 2a*b?

c 2mn™ X (m2n=3)~°
e (2a’b*? x (3a°b*)?

34

1 341
13 x (4x*y5)?2
3

B | —

g 6x
2

1
i 2(p'¢’)

a 5a%b°
(2a’b)?

(3m2n3)3
(2m5n5)7

3a’h™3
(2 a7 b4) -3

1
(5p°¢°)?

g 112
25(p%q*)?
111
3y4Z2)2

Il
(¥y 42%)

3 [IZIE3 Simplify each of the following.

2a2b X 3a3b*
443’

a

10m®n® x 2m?n?
12m*n X 5m*n?

(6x’y?)*
9x%y? X dxy’
a’b? x 2(ab)3
6(a*b)? x a*b

ISS]
[

4
y* X X0y

11 1
2(x%y)3 x 3x%y°

[\
W

6x

|—

3 131
4% 3(pig 4) 3

2 [IZITY Simplify each of the following.

(4ab%)? X 3a3b°
2pg®)? x (5p*q*)?

5(b%c2)3 x 3(bc%)

3

3 11
(16mn*)* x (m?n*)3

2 1 1
q*) 3 x (64p’q

| —

(8p

4xsy6
(2xyh)*

( 4x3y10>6
2:7y?
o)
2¢%h
3633\
<5b‘3c‘4)

4mtn® x 12mn’
6

6m’n

6x3y% X 4x5y

9xy> x 2x3y°

5x%y3 X 2xy°

10x3y* x x*y?

P°¢*) 3 X 3pq

2p~4q7 X (5pg*) >

NUMBER AND ALGEBRA
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4 [ITZEEY Simplify each of the following.

312 6 6\2 6
a’b ><Zab b (2a°) ><4ab
5a°b7  a’b’ 10a’0® 643
4.3\2 3313 3.2\3 2 4
c(mn)x(mn) d(Zmn)x6mn
(mn)*  (2mn)? 3mn’ 4m3n'0
2 2\ 4 3,9\2 4 -5,,-3 3)65 6
(o) *(55%) e
3x3y5 2y10 (x2y2)—2 2—2x—7y
6,~5 6.4 11 Ty
- -2 213 a2
o P X(Spq> L 2% (da'b)
3q_4 3p5 l l l
6a’b? ba
21 i
3%y Ax?
IR
9x3y* Xty
5 RIZE0 Simplify each of the following.
, 5a . o' L Ta%bt ( 3ab )3
6a’h’  3ab’ 3a%p7  \2a%*
‘ (4_) . (3_> LS ()
bo /) \2b3 (2x4y°)? . 10xy?
- (xj y‘3)‘4 . 4x0y~10 . 3mn* <2m4n6)‘2
2xy’ . (Bx2y?) 3 2m~on=>  \m~'n
13 i1 N 13
13 3.4 3.3\1 1.3
g 4m?n* + 6m3n1 h <4b1c )2 = (263 %) 2
8m*n? 6¢3b

UNDERSTANDING
6 Evaluate each of the following.
a (52 x 2)%x (573 x 2% + (50 x 27H73
(26 x 3%)0
26 % (372)73
7 Evaluate the following for x = 8. (Hint: Simplify first.)

2
-3 X\ . 2x
2x)™° X (2) : 29

a® x 9’ x (5ab)”
(@) x 5(3p”)?
b Find the value of y if the fraction is equal to 125.

b (2° x 372+

8 a Simplify the following fraction.
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9

10

1

3

73 Which of the following is not the same as (4xy)2?
33
A 8x2y? B (Vixy)?

1
2335
C \/64x3y3 D (2x'y’)

(V32)™!
1 1
E 4xy? X (2xy%)?
. x%y xy .
' [Z The expression + ——1is equal to:
2xy*)3 1620
2
A 2 B 2 c 2xH° D 2
2y X xf
Simplify the following.
a Vm*n + Vmnd b (g7%h) x (L>
3
1
. 45 I R |
3 3 d 22x44x16 4
9* x 15

a3b—2 -2 3—3a—2b 2
¢ (3‘3b‘3) T( a4b—2)

REASONING

12

13

In a controlled breeding program at the Melbourne Zoo,
the population (P) of koalas at ¢ years is modelled by

P = Py x 10". The initial number of koalas is 20 and the
population of koalas after 1 year is 40. Given Py = 20
and k = 0.3:

a calculate the number of koalas after 2 years
b determine when the population will be equal to 1000.

The decay of uranium is modelled by D = Dy, x 27X,
If it takes 6 years for the mass of uranium to halve, find the
percentage remaining after:

a 2 years

b 5 years

c 10 years.

Give your answers to the nearest whole number.

¢ (VP x (V)

NUMBER AND ALGEBRA
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PROBLEM SOLVING

Digital doc
WorkSHEET 1.2
doc-5181

14 Simplify

15 Simplify

2x+1 _ 72x—1 — 48
36 X 7% — 252
H+z774-3

1
2+72-52

CHALLENGE 1.2

Find an expression for x in
terms of y, given that
(Va'y =a x .
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‘ www.jacplus.com.au

The Maths Quest Review is available in a customisable format

for students to demonstrate their knowledge of this topic.

The Review contains:

using the most appropriate methods
Problem Solving questions — allowing students to

demonstrate their ability to make smart choices, to model
and investigate problems, and to communicate solutions

effectively.

A summary of the key points covered and a concept
map summary of this topic are available as digital
documents.

¢ Fluency questions — allowing students to demonstrate the
skills they have developed to efficiently answer questions

Review
guestions

Download the Review
questions document
from the links found in
your eBookPLUS.

) |
~ : Language
'"ter\;::,";;:;: It is important to learn and be able to use correct mathematical language in order to
communicate effectively. Create a summary of the topic using the key terms below. You
can present your summary in writing or using a concept map, a poster or technology.
base index pronumeral
constant index law simplify
Crossword denominator negative substitute
——o2T evaluate numerator surd
1= e exponent positive
=— expression power indices
= - J

Link to assessON for
questions to test your assess
readiness FOR learning,

your progress AS you learn and your
levels OF achievement.

assessON provides sets of questions

for every topic in your course, as well

as giving instant feedback and worked
solutions to help improve your mathematical
skills.

www.assesson.com.au

The story of mathematics
is an exclusive Jacaranda
video series that explores the
history of mathematics and
how it helped shape the world
we live in today.

Leibniz (eles-1840) tells the story of Gottfried
Leibniz, a remarkable mathematician who
helped refine the binary system that underpins
nearly every piece of modern technology in the
world today.

The story

of mathematics

Jacaranda piu
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INVESTIGATION

RICH TASK

Digital world: ‘A bit of this
and a byte of that’

o
“The digital world of today is run by ones and zeros.” What does this mean? W

Data is represented on a modern digital computer using a base two (binary) system, that is, using
the two digits 1 and 0, thought of as ‘on’ and ‘off’. The smallest unit of data that is transferred
on a computer is a bit (an abbreviation of binary digit). Computer and storage mechanisms need
to hold much larger values than a bit. Units such as bytes, kilobytes (KB), megabytes (MB),
gigabytes (G ), and terabytes (TB) are pased on the conversion of 8 bits 0 1 byte. Your text
messages, graphics, music and photos aré files stored in sequences of bytes, each byte being 8 bits
8b = 1B).

You may have heard the terms ‘meg’ and ‘gig’. In computer terminology, these refer to gigabytes and
megabytes. In the digital world, the prefixes kilo-, mega- and giga- express pPowers of two, where Kilo-
means 2'°, mega- means (2192 and so on. Thus the number of bytes in a computer’'s memory puilds in
powers Of 2, for example 1 kilobyte = 1024 bytes 210 bytes). (This differs from the decimal system, in
which the prefixes kilo-, mega- and giga- express powers of ten, with kilo- meaning 10°, mega- meaning
(1037 and 0 ON.)

A byte (8 bits) is used to represent a single character. For example the letter ‘A is represented in binary
as 01000001. A book of a thousand pages in print can be stored in millions of bits, but more commonly it
L would be described as being stored in megabytes with one byte per character.

Complete the table bel
ow to show the difference in
value between the binal [
ry and decimal systems

—
Unit Symbol | Power of 2 and value in bytes Power of 10 and value in bytes W
Byte B | =
Kilobyte KB 210 =1024 103 = 1000
Megabyte 220 —
Gigabyte
LTerabyte
—
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2 The two numbering systems have led to some confusion, with some manufacturers of digital products
thinking of a kilobyte as 1000 bytes rather than 1024 bytes. Similar confusion arises with megabytes,
gigabytes, terabytes and so on. This means you might not be getting exactly the amount of storage that
you think.

If you bought a device quoted as having 16 GB memory, what would be the difference in memory
storage if the device had been manufactured using the decimal value of GB as opposed to the binary
system?

Many devices allow you to check the availability of storage. On one such device, the iPhone, available

storage is found by going to ‘General’ under the heading ‘Settings’.

3 How much storage is left in MB on the following iPhone?

4 If each photo uses 3.2 MB of memory, how many photos can be added?

Storage
3.9 GB Available 9.5 GB Used

Photos & Camera 1.6 GB >
Radio 1.6GB >
Maps 1.2GB >
My Movie 461 MB >

Have you ever wondered about the capacity of our brain to store information and the speed at which
information is transmitted inside it?
5 Discuss how the storage and speed of our brains compares to our current ability to send and store
information in the digital world. The capacity of the human brain is 10-100 terabytes. On average
20 million billion bits of information are transmitted within the brain per second.
6 Investigate which country has the fastest internet speed and compare this to Australia.
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CODE PUZZLE

What historical event took
place in France in 17837

Match the expressions across the top and on the left-hand side with
the equivalent answer along the bottom or right-hand side by ruling a
line between the dots. Each line passes through a number and a letter

to reveal the puzzle's code.

@y x e @0 Syix 2y’ (2%)2
]
3x% o&
9x4y2 @
3e o4
81 ® O
S oe 0@ P
X2 e o 27
0 @ @ @ o 4Xxy*
4(xy’)° ® (1)
e ® B) ® ° 8x°
ix @ @ @ @ i 214
x%+x%0 @ ® =
x_jzo @ 06x3y4
wyy @ 29 6 o
3 4 (L) (G) @ ® |
23 o X+
LT

4
1 l2ls]als|el

A E

2
lrolsolaln|zlelilols]el

13 o l1altalver2f10laf1als]sslolsls]|swlol

113 ) o J1altalrefrelro] s frolse]sfols]afafsalor)a]ols]

Lo Jr2f10l 1 |sslvelralalslalolialolrlslalalelr]
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us) Activities

1.1 Overview e SKIlSHEET (doc-5178): Multiplication of fractions

Video e SKIISHEET (doc-5179): Writing roots as fractional indices
¢ The story of mathematics (eles-1840) e WorkSHEET 1.1 (doc-5180): Fractional indices
1.2 Review of index laws Interactivity
Digital docs e |P interactivity 1.4 (int-4564): Fractional indices
e SKillSHEET (doc-5168): Index form 1.5 Combining index laws
e SKillSHEET (doc-5169): Using a calculator to evaluate Digital doc
numbers given in index form e WorkSHEET 1.2 (doc-5181): Combining index laws
Interactivity Interactivity
e P interactivity 1.2 (int-4562): Review of index laws e |P interactivity 1.5 (int-4565): Combining index laws
1.3 Negative indices 1.6 Review
Interactivities Interactivities
e Colour code breaker (int-2777) ¢ \Word search (int-2826)
¢ |P interactivity 1.3 (int-4563): Negative indices e Crossword (int-2827)
1.4 Fractional indices * Sudoku (int-3588)
Digital docs Digital docs
e SKIllSHEET (doc-5176): Addition of fractions * Topic summary (doc-13801)
e SKIllSHEET (doc-5177): Subtraction of fractions * Concept map (doc-13802)
To access eBookPLUS activities, log on to www.jacplus.com.au
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Answers
TOPIC 1 Indices

Exercise 1.2 — Review of index laws

Exercise 1.3 — Negative indices

1ad b a® c b d a*’
e m’nb f b3 g mén*p’ h 6a%b
i 10a*p° i 36mn’ k 12x5° I 4x8y0
2aa b & c b d ga“
e 3b* f 4m’ g mn h %yz
i %x3y i 7 k %mzp2 | %xy2
3al b 1 c 1
d 3 e 4 f -3
g 3 h -7 i 4
4a a° b 16a* c }zl—lm8
d gns e a%’ f 9aSh*
g 16m'n20 h Zmbp’ i aj
b6
. 625m'? 3433 81a*
i k 1
n® 8yl 625b'2
m —243 n 49 o -32
5a D b D
6a C b E c B d D
7 a 64 b 72 c 625
27
d 48 e 1600 L
g 20 h 1 i 4
8 a 1™ b c mn®
d ﬁ e n3-rPm2—4 f gmrtne
b3x
9 @d=axaxa
a?=axa
@dxa=axaxaxaxa
= a5, nota®
Explanations will vary.
10 They are equal when x = 2. Explanations will vary.
11 3x° = 3 and (3x)° = 1. Explanations will vary.
12 a,b
a 0 1 2 3
3a? 0 3 12 27
Sa 0 5 10 15
3a® + 5a 0 8 22 42
3a® X 5a 0 15 120 405
¢ 3a* x 5a will become much larger than 3a® + 5a.
13 1+ V3
14 1=1 2=10 3=11 4=100 5=101
6=110 7=111 8=1000 9 = 1001 10 = 1010
15 a x=4 b x=0,2
16 a a’bc’

b The student made a mistake when multiplying the two
brackets in line 3. Individual brackets should be expanded

first.

Challenge 1.1
1.08 seconds

30 Maths Quest 10 + 10A

1a l b l c g
X y* @
LS o ¥ i
543 y? 4mn*
3 4
g 6i h a® i 2i
bcd 3
3 3.2
i 2ab? L | 2ma
2a* 3b*n’
5, L p O e 3 g 4
a’h’ X%y n® a*b’
e Q f S—y g 3 h 4L12
3x 6x3 m2n? X
448
i L i L kX P 3
333 3241520 P a8p12
27¢° bo 1
m —— n — )
8p° 4a8 8ah°
1 1 1 8
3 a § b % C ﬁ d §
1 5 32
€ f 36 g 48 h >
L2 2 . 3
4a 23 b 273 c 2 d 2°¢
5a 3 b -2 c -1 d 3
e -2 f 0 g 3 h -3
i —6 i 2
3 4 2
6 a 5 b g C 5 d 5
3 2
7 a é b b— c @ d L
a & b3 m3n
1 1
8a o5 b 7%
1
c 0.000 059 499 Or oo d 256
e 34 f 9765625
9a D b C c B
10 a B b D c C d E
11 a m—z b n—z c 2
n’ m aTbo
12a r9— 0 b m' 4+ 2mn® + n'°
c 1 d p?
13 2274 14 63 15 x=3

16 Answers will vary; check with your teacher.
17 x=3,y=-1;7

18 a n=-1,-2 b n=-1,4
Exercise 1.4 — Fractional indices
1a4 b 5 c 9
d 2 e 4 f 3
2a V15 b Vm c V72
e Vw? RVAT g V50

$
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1 7 1 6 Exercise 1.5 — Combining index laws
3a r b 5* c 6° d x opl3
7 | R 1a 54a'%° b 48a°p'® c d 500p%¢'8
xg f WZ g WE h 11? m9
2 7 11 1515
4a 4 b 16 © ? d 16 e 3642910 i —15;; g 12815 h 8mént
e 125 f 9 g 9 h 27 ¢
75
i 1000 i 216 k V7 I V12 ;6 i 8B
5a 144 b 224 c 148 17—2
d 1.26 e 254 f0.66 P
g 054 h 0.81 i 0.86 P b X e 21
4 ] 5 8a’ 4y5 128m*°n%
6a 45 b 22 c 6436 12
23 8 5 a 2 e 24a*p’ g 2k
d x0 e 10m'S Y o 8g°
20 9 7 3501 513
g —4° h 0.0248 i 52 g pig o025 P2
3 5 8 17 8117078
5 5.9 5,15 2 2.4
7 a ab? b x5° c 6a°b" 3a 3a” b 872 c Mr
19 2 955 29 2 3
d 2m®u’ e x0y0% f 8a’hSc 45 36:6 )
1 5 1 d — —_— f =
8a 3 b 512 c 122 3y Y X
3 5 11 b7 754° 17 7
d d e x* f m% 9 % i xl0yl0
13 13 5,36 3 2
1,20 L3 5,20
g h on i b i b 44303 . ,i
57 7 4 L 5a*b’ 15 4m®
9a x}’ b a®¥pb c -m¥n? 5
23 1 7 : 501 d 4”i5 t14 f a8ty
2 1 2 9n 81x
d 2x!5yt e 1420420 f L2yl Ly .
g 3p* 2b12 [l
9 6 - — —
20 6 5 5¢° 1 2
10 a 23 b 51 c 71 1 9q 342 3y20
d a0 e mb f 235 5. 56a'1b° 1024b2 g 2
2 b 0 i a
g 4p° h x% i SEm% 2a" 8l 8la 128557
11 11
11 3 67 36 12 2
1 a a*bb b bt c Xyt e o I f 6m"n' g 16,; z h 41b .
27x > =
111l [ > 125 32
d 33Op5cA e Sxhyp §f & 6a — b 1
b% 71
8 2 17 8a 57! b y=4
5 5 2,2
g h b ;2 9E
; B ; 0
n c
Y 576 . qm oy S
12 a E b C c B 11 a mbn or\/— b g °hn c 3°%X5
n
6 14
13aE b B d 272ort e ahtort f d%orVd*
14 a a* b b c mt 4 bt
d 4x2 e 2 fo2x?y? 12 a 79 koalas b During the 6th year
g 3m’w’ h 2pq? i 6a%b° 13 a 79%
15 a 2.007s b 20.07s c 4.98 swings b 56%
1 2(3-Vp) 4 c 31%
16 (2°a°b'%)5 = 2ab? 7 —5— 4
9_p3 11 14 —
1 1 1 21
18 m’> —n +p° 152+224V5
_1 3
19a a dxb2 Challc—;r;ge 1.2
b No, because you can’t take the fourth root of a negative xX=—
number. y-z
c a=1
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Investigation — Rich task

1

Power of 2 and Power of 10 and
Unit Symbol value in bytes value in bytes
Byte B 20=1 10°=1
Kilobyte | KB [2!9=1024 10° = 1000
Megabyte,s MB [220=1048576 10°= 1000000
Gigabyte| GB |230=1073741824 10° = 1000000 000
Terabyte | TB [2*0=1099511627776 |10'%= 1000000000000

32 Maths Quest 10 + 10A

Approximately 1.1 GB

3993.6 MB

1248 photos

Discuss with your teacher.

Discuss with your teacher. The discussion will depend on the
latest information from the internet.

OGN

Code puzzle
The first manned hot-air balloon flight in a balloon invented by the
Montgolfier brothers
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