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1.1) Index Laws Chapter CONTENTS



Worked example Your turn

Simplify: Simplify:
(a®)3 x 4a”’ (a3)? x 2a?
2a8
(5xy*)? (4x°y)°

64x°y3




Worked example Your turn

Simplify: Simplify:
7x3(6 — 5x) — 4x(3 — 2x3) 2x%(3 + 5x) — x(4 — x?)

11x3 + 6x% — 4x

5x* + 3x? 32
6x3 1 2




Worked example Your turn

Simplify: Simplify:
4% x 5% 2X~4 x 3x—4
6x—4

7x+1 X 6x+1




Worked example Your turn
Simplify: Simplify:
(XZ)B (5a7bc5)3
125a%1b3ct®
(2x3y4)5

(4ab?c*)?




Worked example Your turn

Simplify: Simplify:
J16x2y62z4 V9a3béc2d

3 1
3a2b3cd?

V27x4ybz




Worked example Your turn

Write in index form: Write in index form:
32X 128 5% 25 X 625
57

3 X 27 %81




Worked example Your turn

Write 253 as 5" Write 274 as 3™
312

Write 16° as 2™




Worked example

Your turn

Write 81% x 97 a5 3™

1
Write 82 X 128

3
4 3s 21

1 2
Write 253 X 125 5 as 5"

_8
5 15



Worked example Your turn

Write 0.04° x 0.23 as 5™ Write 0.1253 x 0.57 as 2"
2—16




Worked example Your turn

254
as 5"

. 814 )
Write — as 3" Write
97 1256
5—10

., 163 n
Write —as 2
327




1.2) Expanding brackets Chapter CONTENTS



Worked example Your turn

Expand and simplify: Expand and simplify:
(3x = 5y)(x — 4y + 2) (5x —=3y)2x—y +4)

10x? — 11xy + 20x + 3y? — 12y




Worked example Your turn

Expand and simplify: Expand and simplify:
x2(3x —5y)(x — 4y + 2) x(5x —3y)(2x —y + 4)

10x3 — 11x2%y + 20x? + 3xy? — 12xy




Worked example Your turn

Expand and simplify: Expand and simplify:
(2x — 5)3 (4x — 7)3
64x3 — 336x% + 588x — 343




Worked example Your turn

Expand: Expand:
(2x +3)(4x + 5) (3a+5)(2a + 4)

6a% + 22a + 20

5x+3)4x+ 1)




Worked example Your turn

Expand: Expand:
(x + 3)? (x + 5)?

x% + 10x + 25

(x + 4)°




Worked example Your turn

Expand: Expand:
(x —3)* (x — 5)*
x% —10x + 25

(x — 4)*




Worked example Your turn

Expand: Expand:
(4x + 3)(4x — 3) (3x+5)(3x = 5)
9x?% — 25

(5x +4)(5x — 4)




Worked example Your turn

Expand: Expand:
(3x + 4)? (4x + 5)%
16x% + 40x + 25

(5x + 6)°




Worked example Your turn

Expand: Expand:
(3x — 4)? (4x — 5)?
16x% — 40x + 25

(5x — 6)?




Worked example Your turn

Expand: Expand:
(4 — 3x)? (5 — 4x)?
16x% — 40x + 25

(6 — 5x)?




Worked example Your turn

Expand: Expand:
(3x + 2y)* (5x + 4y)*

25x% + 40xy + 16y?

(4x + 3y)*




Worked example Your turn

Expand: Expand:
2(4x + 3)(5x — 6) 4(5x +6)(3x — 2)
60x% + 32x — 48

3(7x + 2)(8x — 5)




Worked example Your turn

Expand: Expand:
2x(4x + 3)(5x — 6) 4x%(5x + 6)(3x — 2)
60x* + 32x3 — 48x?

3x%(7x + 2)(8x — 5)




Worked example Your turn

Expand: Expand:
(x+5xx+6)(x+7) (x+2)(x+3)(x+4)

x3 +9x% + 26x + 24




Worked example Your turn

Expand: Expand:
2x+5)Bx+6)(4x +7) (B3x+2)4x+6)(5x +7)

60x3 + 214x?% + 242x + 84




Worked example Your turn

Expand: Expand:
(x+5)(x—-—6)(x—7) (x+2)(x—3)(x —4)
x3 —5x% —2x + 24




Worked example Your turn

Expand: Expand:
(x—=5)xx—-6)(x—7) (x —2)(x —3)(x —4)
x3 —9x?% + 26x — 24




Worked example Your turn

Expand: Expand:
(x + 5)(x + 6)° (x + 2)(x + 3)°
x3 +8x% + 21x + 18




Worked example Your turn

Expand: Expand:
(x — 5)(x — 6)? (x —2)(x — 3)?
x3 —8x%+21x — 18




Worked example Your turn

Expand: Expand:
(x +5)3 (x +4)°
x3 + 12x% + 48x + 64

(x +6)3




Worked example Your turn

Expand: Expand:
(x = 5)° (x —4)°
x3 —12x% + 48x — 64

(x — 6)°




Worked example Your turn

Expand: Expand:
(5 — 2x)(3x — 4)? (7 — 3x)(4x — 5)%
—48x3 + 232x% — 355x + 175




1.3) Factorising Chapter CONTENTS



Worked example Your turn

Factorise: Factorise:
21x* 4+ 29x3 — 10x2 10x3 4 29x% — 21x

x(5x —3)(2x+7)




Worked example Your turn

Factorise: Factorise:
— X x° — X
x(x—1D((x+1)

3




Worked example Your turn
Factorise: Factorise:
x% + 4x 3x% — 12x
3x(x —4)
x% — 6x

2x% — 6x




Worked example Your turn
Factorise: Factorise:
X% +x—2 x% —x—20
(x —5)(x +4)
X% —x—2
X —x—6

x4+ x—12




Worked example Your turn

Factorise: Factorise:
2x% —13x + 15 3x%2 —11x + 10

(3x —5)(x — 2)

3x2 —17x + 10




Worked example Your turn

Factorise: Factorise:
2x% +2x — 12 5x% — 15x + 10

5(x — 2)(x — 1)

3x% —12x — 15




Worked example Your turn

Factorise: Factorise:
3x% 4+ 10x + 3 5x% 4+ 8x + 3

(5x+3)(x+1)

3x%+10x + 8 5x% + 16x + 12
(5x + 6)(x + 2)

3x%2 4+ 14x + 8 5x% 4+ 32x + 12
(5x + 2)(x + 6)




Worked example Your turn

Factorise: Factorise:
(x* —y*) — (x —y)* (n* —a?®) — (n —a)?
2a(n —a)




Worked example Your turn

Factorise: Factorise:
(x +y)* + (x + y)(2x + 5y) P+ + @+ q)(4p+99q)
5(p+q)(p + 2q)

(a + b)? — (a+ b)(2a — 3b)




Worked example Your turn

Factorise: Factorise:
a?—9 c? — 25
(c+5)(c—5)

b? — 16




Worked example Your turn

Factorise: Factorise:
9 — x?2 25 — x?
(5+x)(5—x)

16 — x?2




Worked example Your turn

Factorise: Factorise:
2x% —18 4x% — 100

4(x +5)(x —5)

3x% — 48




Worked example Your turn

Factorise: Factorise:
4x% —9 25x% — 36
(5x + 6)(5x — 6)

9x% — 16




Worked example Your turn

Factorise: Factorise:
Ox% —1 25x% —1
(5x+ 1)(5x—1)

1 —16x2




Worked example Your turn

Factorise: Factorise:
9x? — y? 16¢? — d?
(4c +d)(4c—d)

a’ — 25bh*?




Worked example Your turn

Factorise: Factorise:
4x?% — 9y? 25x% — 36y°
(5x + 6y)(5x — 6y)

9x2 — 16y?




Worked example Your turn

Factorise: Factorise:
5m? — 20p? 50a® — 72b%
2(5a + 6b)(5a — 6b)

32x% — 98y*




Worked example Your turn
Factorise: Factorise:
x*—1 x10 — 49
(x> + 7) (x> = 7)
x® —16




Worked example Your turn

Factorise: Factorise:
4x* — 9y? 25x1% — 36y°
(5x° + 6y3)(5x° — 6y3)

9x8 — 16y°




Worked example Your turn

Factorise: Factorise:
x3 -8 x3—1
(x—Dx*+x+1)




1.4) Negative and fractional indices Chapter CONTENTS



Worked example Your turn

Prove that: Prove that:
1 1
2 = \/E xZ = W

Proof

X

W =
Il
=




Worked example Your turn

Evaluate: Evaluate:
2

_Z _3
64 3 64 2

81 4




Worked example

Your turn

. 1 .
Given that y = ——x° express the following

in the form kx™ where k and n are constants

1
a)ys
b) 5y 2

Giventhaty = 116x2 express the following in
the form kx™ where k and n are constants:
1
a)yz
b) 4y~*

X
a)Z

b) 64x 2



Worked example Your turn

If 1255 = 5%, determine the value of k. | If 93 = 3%, determine the value of k.

kzz




Worked example

Your turn

Given that

( l)n 3X

4 = —

3 81Y
Express n in terms of x and y.

Given that
( l)n ZX
22 = 8—y
Express n in terms of x and y.

n=2x— 6y



Worked example

Your turn

Given that y = 3%, express the following
in terms of y.
1
275x—2
Write your expression in its simplest
form.

Given that y = 2%, express the following

in terms of y.
1

42x—3
Write your expression in its simplest
form. 64

y4




Worked example Your turn

Simplify: Simplify:
1 1
(16x2%y°z*)2 (9a3b®c?d)z

3 1
3a2b3cd?

1
(27x*y®2)3




Worked example Your turn

Convert to fraction form: Convert to fraction form:
9-1 5h 2
= 5
b2
2—3
x5




Worked example Your turn
Convert to index form: Convert to index form:
1 7
2 x3
7x~3
1
100
12
3 3/x
X 1
12x 3
9
x2
15
Vx




Worked example Your turn
Evaluate: Evaluate:
1
36 2
4 5
2 3 1
4_0 5—1 6
(-2 73 1234567899
1
1 1
92 83
_4
1 1 27 3
16 2 125 3
1
81
3 2

64 3




Worked example Your turn

Write —— 35 3™ Write 0.125 as 2"
243
2—3

Write 0.04 as 5™




Worked example Your turn

Evaluate: Evaluate:
34 53




Worked example

Your turn

Write as a fraction:

X

-5

Write as a fraction:



Worked example Your turn

Write as a fraction: Write as a fraction:
3x7° 2773

2

z3




Worked example Your turn

Simplify the following: Simplify the following:
(r=3)* (t™*)°

(s°)72




Worked example

Your turn

Simplify the following:
(2r=3)*

(3s7*)72

(5t7%)°

Simplify the following:
Bu™)

u12

27



Worked example Your turn

Simplify the following: Simplify the following:
(27‘_354)5 (sty—z)—s
y6
125x°

(3t~ *u5) 2




Worked example

Your turn

Simplify the following:
15x7
3x~%

Simplify the following:
42x7>

6x 3

7
-2
7x —F




Worked example Your turn

Simplify the following: Simplify the following:

a2h=3\° a=%h3\’
ct c?
b9
0126




Worked example Your turn

Simplify the following: Simplify the following:
4" 273
(3a3) (4p3)

64b*




Worked example

Your turn

Evaluate:

1
642

N[ =

64

Simplify the following:
1

125 3
1

5



Worked example

Your turn

Evaluate:

3
642

6472

Simplify the following:
2
125 3

1
125



Worked example

Your turn

Evaluate:

N =

81

81 2

Simplify the following:
1

27 3
1

3



Worked example

Your turn

Evaluate:

3
812

814

81 2

Simplify the following:
4
27 3
1
81



Worked example Your turn

Evaluate: Simplify the following:
3 2

32\ 75 64\ 3
() (25
25
16




Worked example

Your turn

Write in index form:

V25

Write in index form:

V32

5
24



Worked example

Your turn

Write in index form:
1

V25

Q‘H
~

Write in index form:
1

V32

5

2 4




Worked example Your turn

Simplify: Simplify:
3 2
(64a°)2 (27b°)3

9b*

2
(64a°)3




Worked example Your turn
Evaluate: Evaluate:
— 4 —\ *
3 3
2 \ 8
9
64

g o]




Worked example Your turn

Express 243 as a power of 9 Express 125 as a power of 25

3
252

Express 32 as a power of 4




Worked example

Your turn

Express in index form:

3
/x4

Express in index form:



Worked example

Your turn

Express in index form:
1

X

Express in index form:
1

x4

x—4



Worked example

Your turn

Express in index form:
1

Vx

Express in index form:
1

Vx

1

X 7



Worked example

Your turn

Express in index form:
2

X

Express in index form:
7

x4

Tx ™4



Worked example

Your turn

Express in index form:
2

Express in index form:
3

Vx

1

3x 7



Worked example Your turn
Express in index form: Express in index form:
2 2
3Vx 5Vx
2 _1
5%
5
73/
1
43/x




Worked example

Your turn

Simplify fully:

Simplify fully:
3 3
a4 X as
27
a40



Worked example Your turn
Solve: Solve:
5% =125 * =343
x =3
2* =16

3% = 243




Worked example Your turn
Solve: Solve:
5%¥~2 =25 2275% =16
2
*="3
22X+3 — 39

313 = g1




Worked example Your turn
Solve: Solve:
5 =25* 7 = 343%2
7
=3
3 =27*

2 =16*"1




Worked example Your turn
Solve: Solve:
5% = 1 7% = -
125 343
x=-3
3% = 1
9
1
2 = —




Worked example Your turn
Solve: Solve:
57% = 1 77X = -
125 343
x =3

37% = 1
9
1
27X = —




Worked example Your turn

Solve: Solve:
5% =125 7% = 343

x=-3

27 =16




Worked example Your turn
Solve: Solve:
1 1
125% == 343% ==
5 7
1
X =—=
3
0X = L
3

N | =

8X




Worked example Your turn

Solve: Solve:
1
23X=2 — __ G3—2X — __
64 25
B 5
Y73
1
32—5x —_
81




Worked example Your turn

Solve: Solve:
2% = /16 5x+1 — /25
1
YT
3¥=2 = /27




Worked example Your turn

Solve: Solve:

23x—1 — 41/32 53-2x — 31/25
B 7
*~ 6

32-5x = /243




Worked example Your turn

Solve: Solve:
53x-5 _ 16 2215 _ 27
V64 V243

=




Worked example Your turn

Solve: Solve:

1
16 x 23%71 = 27 X 3°%72 = —

1
V32 JE




Worked example Your turn

Solve: Solve:
(1697 = ¢ (9 =
3 27
3

x:_l_()




Worked example Your turn

Solve: Solve:

1 1
2 X 827> = — 3X9WT3 = —
v 16 v3 . 27

X ==
16




Worked example Your turn
Solve: Solve:
164x—3 93—5x
85—2x =4 274x—3 =81

X ==



Worked example Your turn

Express y in terms of x, given: Express y in terms of x, given:
2* x2Y =8 5 x 5Y =125
y=3—x

3*¥ x 3Y =+/27




Worked example Your turn

Express y in terms of x, given: Express y in terms of x, given:
23% % 8% = — 53% x 254V = L
4 V125
3 3
Yy =—3X 772

8 16




Worked example

Your turn

Express y in terms of x, given:

23x
ZTy — 2\/2
34x 1

Express y in terms of x, given:
X

5



Worked example

Your turn

Express y in terms of x, given:

23x
8Ty —_ 2\/2
34x 1

Express y in terms of x, given:
X

=3y = 125V5
X 7/
Y =8 16



Worked example Your turn
X X
Solve (2) =8 Solve (%) =9
X = -2
Solve 253~ 4% = — Solve 9473x — 8—11

X =2



Worked example Your turn

1 1
Solvex2 =5 Solve x4 = 2

x =16

1
Solve x3 =6




Worked example Your turn

Solve x~2% = 25 Solve x™% =16

Solve x ™3 = 216




Worked example Your turn

Given that 57" = 0.4, find the Given that 37" = 0.2, find the
value of (53)" value of (3*)"

625




Worked example Your turn

3 —\ 2 2
(3+Vx) as powers of x. Express (24%)

as powers of x.
X X

Express

1
Ax 14+ 4x72+1




Worked example Your turn
(x+3;/§)2 (x+vx)*

Express 235 aspowers of x. | Express 2/ as powers of x.
1 3 1 1
=X2+ X+ X2
2 2




1.5) Surds Chapter CONTENTS



Worked example Your turn

VX X \/x Vz x Yz x Yz x4z

Z

VY Xy X3y




Worked example Your turn

2+/x X 34/x 23z X 33/z x 43/z X i/z
24z

VY X 33/y X 43/y




Worked example Your turn

Simplify: Simplify:
V72 — /18 V75 — V12

3v/3

V125 — /45




Worked example Your turn

Express in the form a + b+/3: Express in the form a + bv/5:
2 2
(5 +3v3) (2 + 7V5)
249 + 28V/5




Worked example Your turn

Express in the form a + b+/3: Express in the form a + bv/5:
2 2
(2v3 -5) (3V5-2)
49 — 125




Worked example Your turn

Simplify: Simplify:
V7+1)(V7-1) (V11 - 3)(V11 + 3)
2

(V5 - 2)(V/5 + 2)




Worked example Your turn

Simplify: Simplify:
(7 +4v2)(7 — 4V2) (9 —3v5)(9 + 3v5)
36

(5 —2v3)(5 +2vV3)




Worked example Your turn

Simplify: Simplify:
(73 + 4v2)(7V3 — 42) (11V5 — 3v7)(11V5 + 3v/7)
542

(5v7 — 2v3) (57 + 23)




Worked example Your turn

Express in the form a + b+/3: Express in the form a + bv/5:
(4 +V3)(1 + 2V3) (2 +V5)(3 + 4V5)

26 + 115




Worked example Your turn
Given that a > 0, show that Given that a > 0, show that
\/Sa(\/ 20a + aV Sa) \/3a(\/ 12a + aV Sa)

Is always a multiple of 3

is always a multiple of 3
Shown



Worked example Your turn

Simplify Simplity
(3+v2) - (3-V2) (2+V3) - (2-v3)°

8v/3

(4+V5) —(4—5)




Worked example Your turn

Find the value of a and b: Express b and c in terms of a
2 2
(a —3V5) =b—42V5 (a—2vV3) =b-20V3
a=0>5>b=37




Worked example Your turn

Expand and simplify: Expand and simplify:
(V7 -3)(V7+2)(V7 + 1) (V5 +3)(V5 - 2)(V5 + 1)
4




Worked example Your turn

Expand and simplify: Expand and simplify:
(V7 -3)(V7+2)(V7 + 1) (V5 +3)(V5 - 2)(V5 + 1)
4




1.6) Rationalising denominators ~ Chapter CONTENTS



Worked example Your turn

Rationalise the denominator: Rationalise the denominator:
1 4
V2 V7
447
7
2
V3

S
V5




Worked example

Your turn

Rationalise the denominator and

simplify:

3v/2

Rationalise the denominator and

simplify:

10
247

5v7
7



Worked example Your turn

Rationalise the denominator and | Rationalise the denominator and

simplify: simplify:
2—73 9 — 345
V3 V5
9v/5 — 15
5
3 —5V11

V11




Worked example Your turn

Rationalise the denominator and | Rationalise the denominator and

simplify: simplify:
3 18
5+ /2 1++7
-3+ 3V7
4

1++/3




Worked example

Your turn

Rationalise the denominator and
simplify:
3

5—+2

Rationalise the denominator and
simplify:

18
1—+/7
—3—37



Worked example Your turn

Rationalise the denominator and | Rationalise the denominator and

simplify: simplify:
3 18
V2-5 V7 -1
3+ 37
4

—-1++/3




Worked example Your turn

Rationalise the denominator and | Rationalise the denominator and

simplify: simplify:
3++/2 2 =7
V2 -5 V7 -1
—5++7
6
5—-+3

—1++/3




Worked example Your turn

Rationalise the denominator and | Rationalise the denominator and
simplify: simplify:

2v/3 +5 22 +1

V3 -2 V2 -3
—1—+2




Worked example Your turn

Rationalise the denominator and | Rationalise the denominator and
simplify: simplify:

3v3 -5 5v5 — 2

2V3 -7 2v5 -3

4 ++/5




Worked example Your turn

Rationalise the denominator and | Rationalise:

simplify: 7 + 24/3
11 + 3\/7 11\/5 + 2
3V7 +5 775 + 2215 — 4+/3 — 14

601




Worked example Your turn

Rationalise the denominator and | Rationalise the denominator and

simplify: simplify:
(3++2)(3 -V2) (5++3)(5 - V3)
V7 V22

V22

(7 ++5)(7 —V5)
V11




Worked example Your turn

Simplify, giving your answer in Simplify, giving your answer in
the form avb: the form av/b:
V54 12 V63 21
N NG,

47




Worked example

Your turn

Show that —— = > —~/3

\/§+1

Show that

V2

11:2_\/§

2

S

1

_|_




Worked example Your turn

A rectangle has an area of A rectangle has an area of

(15 — 6v3) cm? and awidth of | (2 4+ v2) cm? and a width of
(2v/3 — 3) cm. Find the length of | (3v2 — 4) c¢m. Find the length of
the rectangle in the form a + b+v/3 | the rectangle in the form a + bv/2

7+ 5v2 cm




Worked example Your turn

Solvey(2 ++3)—V3 =4 Solve y(1++2) —+v2 =3
y=2\/§—1




Worked example Your turn

Simplify: Simplify:
Va+2-+a Va+1—+a
va+2++a Va+1++a

2a +1—2v/ava+1




Worked example Your turn
Solve: Solve:
/8 V9
== V2 55 = V3
V32 V27

x = —10



