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Rules of indices

Key points
° am X an = am+n
a’
° —n: a
a
° (am)n = amn
e a’=1

N

e a"=1%a ie.thenthrootofa

Examples

Example 1  Evaluate 10°

The square root of a number produces two solutions, e.g. J16=1+4.

10°=1

Any value raised to the power of zero is
equal to 1

1
Example 2  Evaluate 92

N~

9

N
3

1
Use the rule a" =%/a

2
Example 3 Evaluate 272

m

1 Usetherule am :(Q/E)m

2 Useﬁ/fz3
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Example 4 Evaluate 472
-2 1 -m
47 =— 1 Usetherule a™ =—
4 a
1
T 2 Use 4°=16
.. BX°
Example 5 Simplify —-
2X
6x° a”
ol - 33 6+2=3andusetherule —=a"" to
X a
X5
give —=x""?=x°
X
3 5
o XTXX
Example 6 Simplify w
3 5 3+5 8
Xxx X _X 1 Usetherule a"xa" =a™"
x* x* X
a.I’Tl
=x¢4=x 2 Usetherule —=a""
a
Example 7 Write 3i as a single power of x
X
1 1 _ 1
—==x! Use the rule — =a ™™, note that the
3x 3 am
fraction % remains unchanged
Example 8 Write 4 as a single power of x
X
1

1 Usetherule a” =%a

-m

1
2 Use the rule —=a
a

kumarmaths.weebly.com




Practice

1 Evaluate.
a 14° b 30
2  Evaluate.
1 1
a 492 b 643
3  Evaluate.
3 5
a 252 b 83
4  Evaluate.
a 57 b 43
5 Simplify.
32 xx° 10x°
a 2 b 2
2X 2X°x X
) 3xx 2% q 7x%y?
3 5
2X 14x°y
2 3
e 1y f ¢ -
yfxy szcf
3 1 3
(2X2) h XEXXE
9 4x° X2 x X3
6 Evaluate.
L _2
a 42 b 27 3
1
1 _=
d 164x273 e (3] ?
16

7 Write the following as a single power of x.

a

< |~
O
|

o
o

>
N

D

50 d x°
1 1
1253 d 164
3 3
492 d 164
25 d 62
Watch out!

Remember that
any value raised to
the power of zero
is 1. This is the
rule a® = 1.

9 2x28

_2
(&)
64

4y
N

3X2
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8 Write the following without negative or fractional powers.

a x° b X0 c X5
2 1

d x° e X 2 f X 4

9  Write the following in the form ax".

2 1
a 5yx b — c —
Vx X3 3x*
2 4
d — e — f 3
Extend
10 Write as sums of powers of x.
5
X :1 b xz(x+1) c x4(x2+i3j
X X X
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Answers

1 a 1 b 1 c 1 d 1
2 a 7 b 4 C 5 d 2
3 a 125 b 32 C 343 d 8
4 a — b 1 c — d 1
25 64 32 36
3
5 a 3% b 5x2
c 3 d Lz
2X
1
e y? f c?
g 2x8 h X
6 a 1 b i c §
2 9 3
d l e i f E
4 3 9
1
7 a xt b X’ c NG
2 1 2
d X e x 3 f x 3
1 5
8 a b 1 c \/Y
X
d Yx? e 1 f !
\/; 4f 3
1
9 a 5x2 b 2x3 C —x*
1 1
d 2x?2 e 4x 3 f 3x°
10 a x3+x? b X3 + X c X2+ x7’
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Surds and rationalising the denominator

Key points

A surd is the square root of a number that is not a square number,

for example \/5 \/§ «/g etc.

Surds can be used to give the exact value for an answer.

Jab =ax+/b
ﬁ _a
b b
To rationalise the denominator means to remove the surd from the denominator of a fraction.
To rationalise% you multiply the numerator and denominator by the surd /b
To rationalise ; a\/_ you multiply the numerator and denominator by b—c
+4/C

Examples

Example 1  Simplify J50

J50 =/25% 2 1 Choose two numbers that are
factors of 50. One of the factors
must be a square number

= J25x2 2 Use the rule v/ab =+ax+/b

—5x:2 3 Use \/25=5

52

Example 2  Simplify 147 — 212

J147 - 2412 1 Simplify 147 and 2+/12 . Choose
— J49x3 _2J4x3 two numbers that are factors of 147

and two numbers that are factors of
12. One of each pair of factors must
be a square number

=J49x3-2J4x3 2 Use the rule \/ab =+/a x+/b
—7x~[3-2x2x+3 3 Use \49=7 and V4 =2
—73-4/3=3/3 4 Collect like terms
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Example 3 Simplify (ﬁ+\/§)(ﬁ—\/§)

Example 4

Example 5

(V7 +2)(47 -2)
- B T2 +2 7 A

=7-2

1 Expand the brackets. A common
. . R 2
mistake here is to write (ﬁ) =49

2 Collect like terms:

T2 +2\7
=72 +742=0

. . 1
Rationalise —
NG
1 ixﬁ 1 Multiply the numerator and
3 3 B denominator by /3
1><\/§
= 2 Use \/5:3
NG
_ 3
3
Rationalise and simplify £
J12
V2 - 2 XJl_Z 1 Multiply the numerator and
V12 12 12 denominator by 12
_ V2 x\[4%3 2 Simplify J12 in the numerator.
12 Choose two numbers that are factors
of 12. One of the factors must be a
square number
Use the rule \/ab =+/a x+/b
= 2*/5\/5 Use \/Zz 2
12
5 Simplify the fraction:
2B 2 1
= Y=¥° — simplifiesto —
6 12 6
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3

Example 6 Rationalise and simplify
2++5
3 _ 3 y 2-+/5 1 Multiply the numerator and
2+6 2+ 2-45 denominator by 2-5
3(2-5)
(2+\/§)(2—\/§) 2 Expand the brackets
_ 6-3
4+25-25-5 3 Simplify the fraction
_6-35
-1 4 Divide the numerator by —1
Remember to change the sign of all
= 3\/g —6 terms when dividing by —1
Practice
1 Simplify. Hint
a \/E b 125 One of the two
c \/E d 175 numbers you
o m f \/2_8 choose at the start
must be a square
g J72 h 162 niimher
2 Simplify. Watch out!
a J72+J162 J45-25 Check you have
c  50-+/8 J75-/48 chosen the
highest square
e 2y28+28 o 2V12-v1z2+427 number at the
3 Expand and simplify.
a  (V2+V3)N2-3) b (3+3)(5-V12)
¢ (“4-B)45+2) d  (5+v2)(6-8)
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4 Rationalise and simplify, if possible.

a L
N
¢ 2
Nz
e 2
2
g &
V24

5 Rationalise and simplify.
1

5

a

w

Extend

b L
J11
2
d =
J8
5
F 2
J5
ho A5
J45
2
b
4+\/§

6 Expand and simplify (&+\/§)(&_\/§)

7  Rationalise and simplify, if possible.
1

N

a

1
b

&y
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Answers

1 a 3 b 55
c 43 d 5V7
e 1043 N
g 642 h 92
2 a 152 b 5
c 32 d 3
e 67 f 53
3 a -1 b 9-3
c  10J5-7 d 26-42
4 a ﬁ b —\/H
5 11
o 27 g 2
7 2
e 2 f 5
3 3
- 3++/5 b 2(4-+/3) 6(5++/2)
4 13 23
6 XxX-—y
X+
7 a 3+22 b xy
X—y
1.1 | can use the rules of indices for rational n 9 2 5)
1.2 | can write a number exactly using surds 3 o \/09
1.3 | can rationalize the denominator when it is a surd D » 3
o B

kumarmaths.weebly.com




Q1.

(@) Simplify
V32 + 18

giving your answer in the form av2, where a is an integer.

(b) Simplify
V32418
3+v2

giving your answer in the form bv2 + ¢, where b and ¢ are integers.

Q2.

(a) Find the value of 16 *

(b) Simplify x(2x‘—1)4
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Qs.
Simplify
5-243
giving your answer in the form p + q V' 3, where p and q are rational numbers.

Q4.
(a) Evaluate (.32)5 , giving your answer as an integer.
)
X
(25 x* ] :
(b) Simplify fully \ 4
)
Q5.
2
[(12)=+/(R
Show that | (12)-V(8) can be written in the form Va + Vb, where a and b are integers.
(5)
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Q6.

Find the value of

1

() 25°

(b) 25 °

Q7.

(a) Write down the value of 125°,

(b) Find the value of 1257

Q8.
Expand and simplify (V7 + 2)(N7 - 2).

Q9.
Write

V(75)-V27)

in the form k \x, where k and x are integers.
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Q10.
(a) Expand and simplify (7 + V5)(3 — V5)

7+45
(b) Express 3++5 in the form a + b V5, where a and b are integers.

Q11.
Simplify
@ (37

(b) (8 +5)(2—5)

Q12.
Given that 32 V2 = 22, find the value of a.

Q13.

Express 82 * 3 in the form 2V, stating y in terms of x.
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Q14.
(i) Express

(5-V8)1+V2)

in the forma + b \ 2, where a and b are integers.

(i) Express
30
ygo+ V5
in the form ¢ V 5, where ¢ is an integer.
Q15.
Simplify
7+4/5

J5 -1

giving your answer in the form a + bv5 , where a and b are integers.
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Q16.

5

(a) Find the value of 8:T

3
1
2x?

(b) Simplify fully 4x>

Q17.
15
Express V3 =27 in the form kv3, where k is an integer.
Q18.
Solve
(@) 2=8

(b) 2*x 4+1=8
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Q19.

3

(a) Evaluate 81-

s
(b) Simplify fully x2 4

Q20.

Solve the equation
6x

10 +x\8 =2
Give your answer in the form ab where a and b are integers.
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Q21.
Simplify
(@) (V5

N2

(b) 2V5 —3Y2 giving your answer in the form a + \b , where a and b are integers.

Q22.

(&) Write down the value of 16*.

(b) Simplify (16x12)i.
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Q23.
Simplify

N
|
<_
(S

(S

{
Z\
2

giving your answer in the form a + b\3, where a and b are integers.

Q24.
Simplify (3 +V5)(3 =V 5).

Q25.

4
(a) Find the value of 8”.

[
N
W

X

(b) Simplify 3x

kumarmaths.weebly.com




Q26.

Express 9 * 1 in the form 3Y, giving y in the form ax + b, where a and b are constants.

Q27.

(@) Simplify
V50 — V18

giving your answer in the form a\/Z_' , Where a is an integer.

(b) Hence, or otherwise, simplify

123
J50 — 18

giving your answer in the form b\/z, where b and c are integers and b # 1
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