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OVERVIEW
SYLLABUS CONTENT

MAS5-IND-P-01 applies the index laws to operate with algebraic expressions involving negative-
integer indices

Apply index laws to algebraic expressions involving negative-integer indices

 Apply index notation, patterns and index laws to establish a=! = % a?= é a3 = % and

a "=~
an

o Represent expressions involving negative-integer indices as expressions involving positive-
integer indices and vice versa

e Apply the index laws to simplify algebraic products and quotients involving negative-integer
indices

e Describe and use x~! as the reciprocal of x and generalise this relationship to expressions of

the form (%)

-n
e Use knowledge of the reciprocal to simplify expressions of the form (%)
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REVIEW OF PRIOR KNOWLEDGE

1 Rewrite the following with a positive index.

a 37 b 27° c 473 d 5
B 1 - 1
32 9
e 673 f 972 g 3 h 10
i 27¢ j 573 k 62 I 1073
m 053 n (271 o (-2)2 p (-2)73

2 Rewrite the following with a positive index.

1 1 1 1
a 33 b e c ) d p=

1 2 3 4
© 45 f 277 9 772 h 671
. 6 ] 5 4 3
i — j —_— k — | —

4_—3 8—2 7—5 2—5
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NEGATIVE INDEX WITH VARIABLES

¢ The negative index means to take the reciprocal of the base.

Index Law of Negative Powers

1 b
a = ba™™ =

am am™

e For negative powers:

1. Move the base to the denominator.
2. Power becomes positive.

Example Rewrite expressions involving negative indices with positive indices.

x2 Why is x 72 = xiz (use the index law of powers)
1
~ X2 x2=(x")t= ...
3a2 Why is 3 not in the denominator?
- i 3isnotraisedtoa ................ power,
a? So we do not take the reciprocal.

Express the following with positive indices.

a xt b a* c c?
! S L
d 3m™>® e pq? f x4y 3
2 P’ !
m F x*y3
Key ideas
1. Anegative index means totakethe ........................... of the base.

2. If a base has a negative index, to make the index positive move ittothe .....................
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Express each of the following with positive indices and no brackets.

a

Simplify these expressions.

a

x—l

y13 X y4

6y13 x 5y*

40y™3 + 8y*
o*

By*H*
7y* +y*

7y* X y?

(7y*)?

R

b

a*
2x72
Bm)~*
(pq)~*
2a3p1
y17
30yY7
0
5y°
Y52
81y°?
7y?
7y®
49y8

Cc

1

81m*

2x7 x 5x*

12y° x 5x*

12y5 + 6y*

12y5 + 12y~*

(12y°)?

(12y~3)?

12y73 + 4y?

12y73 + 4y~2

12y73 x 4y~2

FOUNDATION

b—6
1
b
(2x)7?
1
4x2
mn~*
m
n*
-3
x(yz)
¥
y323
7r—2s3
7s
T2
10x 1!
60x*y®
2y
y°
14410
144
7
3
yS
3
y
48
N
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Write these expressions without negative indices.

a

2-—1

3—1

3—2

3—3

1073

Express the following using positive indices.

a

x5
1
X’»
3y~7
3
y’
3x73
3
XS
3x—4y—223
373
Xr1y'/i

a—4—

3a%b~3

3x5

q°r

J

(—x)73
1
X3
7x~3
7
x3
(7x)73
1
343x3
(7xy)~3
1
343x3y3
—(7xy)~?
1
343x3y3
(=7xy)~3
1
343x3y3
(=7xy)™*
1
2401x%y*
(=7x*y)~*
1
2401x8y*
_(_7x2yn)—4-
-1
2401x*ytn
2a% d Qa)™
2 1
a* 16a*
4m3n~3 h  10x7%y5
4m3 10y°
n3 x2
2a3 | (3a)~?
5 b
2 1
543 3ab
142 —4r5 3.2.-6,7
-d“e™*f P -uv®w
5 8
d*fs 3ulw?
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5

Read these examples carefully and answer the questions.

Kelly’s work

-3x7*

_bfl
L

2
- Bx

Danice’s work

Xoyfz 9
O
o
|
| - U3
iR
JZ
Maya’s work
(3ab™)? -52

The -3 should have stayed in the numerator
for Kelly’s final answer to be correct. Why
does the -3 belong in the numerator?

Only the x is being raised to the power of -2
Simplify:

—2x 4

2 -2
= or—

0
x* T x*

Why was x not included in Danice’s answer?

x was raised to the power of 0, meaning it becomes 1.

Simplify:

a *p°

Where did the 9 come from in Maya’s
expression?

The 3 is inside brackets, so is raised to the power of 2.
The original expression did not contain a

fraction. Why did Maya’s answer contain a
fraction?

1
The negative power means take the reciprocal of b; it becomes 5

Simplify:
(5a73b)?

25h?

a3
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NEGATIVE INDICES IN THE DENOMINATOR

Index Law of Negative Powers

e For negative powers in the denominator:

1.

Move the base to the numerator

2. Power becomes positive.

Example Rewrite expressions involving negative indices with positive indices.

1 Show this using fraction division.
c=? 11
_ 2 Zo iy
- - @
5 Why does 5 stay in the numerator and x3 stay in the
x3y~4 denominator? How come only the y term moves?
5y Onlythe y termhasa .................. power.
e F
Express the following with positive indices.
1 3 7
y 3h? 7y
F
az 1 f 3_a
d = u-3p2 y=5
a’b? £ 3ay®
bZ
Key ideas
1. Anegative index means to take the ........................... of the base.
2. If a denominator has a negative index, to make the index positive move it to
the .............
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1

Read the example carefully and answer the questions.

Andy’s work

1
3b~ i.
35>
)
3

FOUNDATION

Why did the negative sign disappear when

Andy wrote his solution?

Express each of the following with positive indices only.

a

1
x_z
XZ
4
p—4-
4p*
2b*
d—3
2b4d3
a—3
b—3
b3/a®
-1
7—3
343
5
2n?
m_3
2n’m?3
-2
b—8
—2b8
7
x 4-y3
7x*
y3
5a%¢c™*
6b~2d
5a%b?
6ctd

b

Negative powers in the denominator indicate to take the reciprocal of
the base (move the base to the numerator) and make power positive.

Why did the 3 stay in the denominator?

The 3 was not raised to a negative power.

Simplify:
2
x—3
2)(3
2 4
= ©
2y3 4m’
a e
b2 f d-1
ab? ed
3m? ] 4b*
|
n—4 3a~3
3m?n* 4b*a®
3
JC__Z £7-2
v "
x? 9°
372 572
4_—3 o 1
64
9 25
y° —3
r
3x 2 7y~*
xzyG 714
3 7
-39 4 (—-3u)?
4h_3 v 5t_2
73gh3 9u2t?
4 5
1 a—35—1
el y?
v 5a3
2a™% 5-1h3K~2
aa ——— ——
E 4h3m?
a*c? m
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NEGATIVE INDEX AS THE RECIPROCAL

¢ The negative index means to take the reciprocal of the base, i.e., invert the fraction.
e The rules with negative indices are:

Negative Index is the Reciprocal

_ - a\"" a ™ b
(S b ==a

Example Simplify expressions using the reciprocal.

(x)‘l What does it mean to take a reciprocal of a number?
y R ” the fraction.
_Y The numerator becomes the ............... , and the denominator
* becomesthe ..................
X\ What happened to change (5)_3 = (Z)s’?
; PP gy =G
Y\3 The negative power meansto .................. the base inside
B (;) the brackets.
3
y
"X

Express the following with positive indices.

s () > () « ()

1 4 4
4 3
-2 -2 -3
2 2
« (3) e () (&)
3 y 5y
> y 125y
4 X2 86
Key ideas
1. Anegative index means totakethe ........................... of the base.
2. Take the reciprocal by swappingthe .................. and ...
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Simplify these expressions by writing them without negative indices.

NON

O

ull
~

a’h 9n®
x1 X:zy'z
2 _1
Consider (—)
i 27
Complete this working out. (—) =
0
3
=1+
=1X
=3
2

32

a.’» b.’»
125x3

a®b°

32x720

FOUNDATION

(5)
9x7

3y
2x2

27y3
343

9x7

7a?
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MIXED PRACTICE

Summary of Negative Indices

A negative index means to interchange the
numerator and denominator
1 1 a—m bn

-m _ —
a - am a_n a b_n am

FOUNDATION
1 Write these expressions using positive indices
-3 1 -3 2
a a b — c 2a d =
a a
1 2
a? e a® 243
a3 ; 5a73 5 h 4q3
€ 2 2 9 243 7b=5
2a® 2a3 2 7@
2 Simplify these expressions. Write your final answer using positive indices.
a x%yxaxty3 b x5y3xx3y2 ¢  0.2s7%t3 x 5st™°
x6y4 pa 1
x2 st
d 56x?y%+ 8xy8 e (s%y™3)3 f (5¢72d3)?
7x 56 c?
72 ¥ 5d3
g 3a*x2d? h 5m™*x(-2m™2) . 2x72
i
3x~3
6 10 2x
a? e =
_ 7d73 6¢c~> 552
J - k — |
10d 12¢~3 3s
7d? 1 5
10 2 e
4f~> 3d~3 15t~4
m n o
373 6d~1 18t 2
4 1
3f2 2d? 6t2
P (2a?y®)?x(2ay3)® q  (5st?)%+ (5s7't%)? r (2a7?y®)7%+ Qay=®)°
2a” 5s° ay?
y1s 32
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DEVELOPMENT
Write these expressions with negative indices.

1 9 _ 1
a - e - 1 D
X x?2 6x2
x~1 9x 2 x~?
6
b ; 9 1
X x3 ] 6x2
—x7! 9x x2
6
12 9 K 5
c _ -z = -
x 9 x5 6x2
—12x71! 9x~5 5x2
B 6
d 12 h 1 | 5
x2 6x 10x2
—12x72 x~1 x~2
6 T2

Simplify these expressions. Write using positive indices.

a x?xx73 b k>+k° c 3?
1 kll i
? )/1)
d da°+a’xa™ e xy>xxiy™? g hOx(TH°
h2
ai( x3y hi?
g 5y 2X4xy®+2xy3 h (6x7%)? + 4x73 . 202\ %
(%)
10y” 9 16
_ 33 k 2kx7)3 I 4(d=?)3
J (4m5)
1 2 4
m (3t™)? n 5(x?)7? o 7(h?®™*
o S 7h8
t8 x*
P —8(*)7 AN 3\~
9 (y—) r (h_)
8 v h'?
o T 81
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5 HSC Advanced Sample Question
3
Simplify (S) + (pq™?)

p’
q

6 NAPLAN B+
4

Simplify or—2

4t®

7 NAPLANA
-3 ,4
Simplify W and express as a fraction involving non-negative indices only.

3q?

8 NAPLANA
3\ —2

3
Simplify (%) and express as a fraction involving non-negative indices only.

9 NAPLANA
2y —3

4
Simplify (%) and express as a fraction involving non-negative indices only.

10 If x* = 3, find the value of:

a x*—1 b «x8 c 2x16 d 3x* — 3x8

2 9 162 —18
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MASTERY

11 Simplify.
a (a®b?)3 x (a?bp*)? 2a3b? _ 2a?b® (Brs?)* _ (2r?s)?
b — X c X
a~ b4 r—3s4 s7
a’b? 4a®p3 324711
S
4(x"2y*)? % xy* a2p3\ 2 _ (ab* -2 ; mAn-2\ 2  /m~3n? 2
x2y—3 2x~ 2%y e p—2 T\ g2 r3 - r3
2y14 apis mi*
x3 nd
12 Simplify, expressing the answers with positive indices. Evaluate powers where possible.
a (3a’bh™?)3 x (2a*)? b  (Gx*y®) 3 x (52xy~1)3 c  (5m*n3)72x2(m?%n3)?
27 1 onl2
4a?p® x9y?21 25m8
(2a4b—2)3 (22a—3b2)—1 (m2n3)2 oo 273 -2
d X e Tt xmmp)E  o§ L. (2
c? c p~3 PE b2
ZL]G a®
-3 K8 17
b mn3p? b
(2a4)2 . (aZ)—3 h (4C4d—3)2 ) 3C—2 I (3m2n3)—2 ) p—3
b7 2b 9 " od p* " m
8al* 16¢1° 1
b6 27d5 9m3nsp
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