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1 Advanced Indices
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Indices Recap

Multiplication Law:

a+b

yixyl =y

Division Law:
ya - yb — ya—b

Power Law:
(ya)b — yab

Page 6




Worked Example

Simplify:
1)
a) yll X y5
b) 6y3 x2y°
c) y>+y?
d) 8y3+2y
e) ¥
fy  By*?
2)
a® x a*
a) —
b) (4a®b3)?
8a°h3
C) 4ab’?

Your Turn
Simplify:
1)
a) x>xx?
b) 7x>x8x73
o ¥y =y
d) 15y3 =+ 3y
e) ()°
f)  (5y*)3
2)
a® xa*
a) p
b) (2a®bp3)*
12a?b3
C) 4ab7?
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Power Zero

2* =16
23=8
22 =4
21 =2
20=1

Any non-zero number divided by itself equals 1,i.e.2 -2 =1
Using the exponent rule for division:

21

g=2t=20=1
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Worked Example

Your Turn

Simplify:
a) 4x°

b) x*x«x°
¢ =

d) x9%-+x?

Simplify:
a) 8x°

b) x%x«x8

) ==
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Negative Indices

23 2X2X2 1 1

27 T OIXZIXZX2ZX2X2X2Z 2X2X2x2 2°

Using the exponent rule for division:

23
— n3=-7 _ n—4
57 = 2 =2
Therefore
1 _
a=2"
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Worked Example

Your Turn

Evaluate:

a) 37?2

b) —-372
) (=3)72

Evaluate:

a) 573

b) —573
g (=573

Page 11




Worked Example

Your Turn

1. .
Write yFl in index form

L1,
Write = in index form
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Worked Example

Your Turn

Simplify:

) ()
) ()

Simplify:

)
) (Y
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Worked Example Your Turn

Rewrite the following with a negative index: Rewrite the following with a negative index:
1 1

a) = a) -
3 9

b) = b) FIT)
1 9

c) 3x5 c) 18d10
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Expanding Brackets with Indices

Page 15




Worked Example

Your Turn

Simplify:
a) 2a3@3a?+5a™%)

b) p§ (210% - p'g)

1 1

c) x? (xi — xZ)

Simplify:
a) 3a%(4a® + 2a)

1 2 1

b)  2p3 (3195 - p_i)

3L 1
c) ns|inz+4+—=
nz
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Worked Example

Your Turn

Simplify:
2m® —m=2)(6m~3 + m®)

Simplify:
(7x3 —x™H)(4x72 + x9)
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Fractional Indices

1 1 15 2 1 1
X2 X xz = (xE) = x1 xz squared is x therefore the square root of x is xz i.e. y/x

1 1 1 1.3 1 1
X3 X X3 X X3 = (xE) = x1 x5 cubed is x therefore the cubed root of x is x5 i.e. 3/x

i1 1 1 1y
XE X xE X 28 x a7 = (x3) = !
1 1
The fourth power of x is x therefore the fourth root of x is x7 i.e. {/x

i1 11 ( 1)"
XT X xn X xn X xn X .= \xn) =x!
1 1
The nth power of x7 is x therefore the nth root of x is x= i.e. \/x
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Worked Example

Your Turn

Evaluate:
1

a) 64z
_1

b) 64 2

Evaluate:
1

a) 643
_1

b) 64 3

1

o0 (&)
a9 ()
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Fractional Indices

85 = V8 = 2
8 = (89) = (V8) = (@)% = 4
6= (8 = (¥8)' = @° =8
gr = (g3) = =(¥8) =@*=16
6 = (1) _(%/—) = (2)5 = 32

g7 = (1) = (¥8)" = @m

X5 = 4%

Z=(dD = o

=D - wm

= (D) = o

F =03 = gmm

= () = yom
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Worked Example

Your Turn

Evaluate:
3

a) 252
_3

b) 252

Evaluate:
3

a) 81+
_3

b) 81 «

3

o (34
9 ()

Page 21




Laws of Indices

ya - yb — ya—b
(ya)b — yab

(yz)a — yaZa
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Change of Base

What do you notice about all of the numbers: 1, 10, 100, 1000, ...
They are all powers of 10.
What do you notice about all of the numbers: 2,8, 4,16....

They are all powers of 2.

We could replace the numbers with 21, 23 and 22 so that we have a consistent base.
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Worked Example

Your Turn

a)
b)

c)

Write 27 as a power of 3
Write 27% as a power of 3

Write 82% as a power of 2

a)
b)

c)

Write 8 as a power of 2
Write 8% as a power of 2

Write 83% as a power of 2
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Worked Example

Your Turn

Find the value of each of the following:

a) V3°x16

b) 336x8
) V38x16

Find the value of each of the following:

a) V24x9
b) V64 x 33
c) V81x256
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Worked Example

Your Turn

Solve the equation:

Solve the equation:
1

64

X =
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Worked Example

Your Turn

Solve the equation:

B -

Solve the equation:
X

-

Page 27




Worked Example

Your Turn

Find the value of x that satisfies:

a)

b)

2% x 2%73 =32

22x -~ 2x—3 =32

a)

b)

3¥ x 3¥7%2 =81

33% + 372 = g1

Find the value of x that satisfies:
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Worked Example

Your Turn

Find the value of x that satisfies:

1 2
125% x 52X¥+3 = 253

1 2
64% x 43%+1 = 163

Find the value of x that satisfies:
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Extra Notes
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2 Calculating with Surds
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Multiplying Surds
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Worked Example

Your Turn

Simplify:
a) V5x+6
b) V3 x+6

Simplify:
a) V5x+7
b) V3 x+8

Page 34




Worked Example

Your Turn

Simplify:
a) 2V5x+6
b) 3vV3x2V6

Simplify:
a) 25 x+7
b) 3vV3x28
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Dividing Surds
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Worked Example

Your Turn

Simplify:
a) V60 ++2
b) 60 ++/3

Simplify:
a) 90++3
b) V90 -++2

Page 37




Worked Example

Your Turn

Simplify:
a) 260 ++2
b) 12v60 + 23

Simplify:
a) 3v/90++3
b) 12490 + 32
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Adding and Subtracting Surds
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Worked Example

Simplify:
a) 25+ 5V5
b) 2v20+5V5

c) 2v20+5V10

Your Turn
Simplify:
a) 2V6+ 5V6
b) 254+ 5V6

c) 2v20+5V15

Page 40




Worked Example

Your Turn

Simplify:
2v/20 + 5v5

V5

Simplify:
2v/54 — 5v6

V6
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Expanding Brackets with Surds
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Worked Example

Your Turn

Expand and simplify:
a) 2(4++3)

b) —V3(4++3)
) V124 ++3)

Expand and simplify:
a) —2(V3+4)
b) V3(V3+4)

) V27(V3+4)

Page 43




Worked Example

Your Turn

Expand and simplify:

a) (2—-+3)(4++3)

b) (2-V3)’

Expand and simplify:

a) (V3-2)(V3+4)
) (V3-2)

Page 44




Worked Example

Your Turn

Expand and simplify:

a) (2-+v20)(4++5)
b) (2-2v20)(4 + 5V5)

Expand and simplify:

a) (V54-2)(V6+4)
b) (2vV54 —2)(5V6 + 4)
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Worked Example

Your Turn

Express b and c in terms of a:

(@a+V12) =b+cV3

(a+V8) =b+cV2

Express b and c in terms of a:
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Worked Example Your Turn

Find the value of a and b: Find the value of a and b:

(a—3V5) =b-42V5 (a-2V3) =b-20V3
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Rationalising Surds
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Worked Example

Your Turn

Rationalise:
3
a) \/—g
3
b) 2%
3+V5
c) 7

Rationalise:
10

a) NG
3

b) 7%
1045

c) NG
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Worked Example

Your Turn

A rectangle has area 64 cm? and a width of v/32 cm. Find the A rectangle has area 60 cm? and a width of v/12 cm. Find the

length of the rectangle in the form avb

length of the rectangle in the form avb
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Conjugates

Is V3 — 1 the conjugate of V3 + 1?

Is —/3 + 1 the conjugate of v/3 + 1?
Is —v/3 + 1 the conjugate of 1 + +/3?
Is 1 — /3 the conjugate of 1 +/3?

Is —1 — /3 the conjugate of 1 — /3?
Is 1 + /3 the conjugate of 1 —/3?

Is 1 + /5 the conjugate of 1 —/5?

Is 1 — 3v/5 the conjugate of 1 + 3v/5?
Is 33/5 — 1 the conjugate of 1 + 3/5?
Is 3+/5 — 1 the conjugate of 3v/5 + 1?
Is —3/5 — 1 the conjugate of 3v/5 + 1?

Is —3/5 — 1 the conjugate of 3v/5 — 1?
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Worked Example

Rationalise:
) 6
a 4++/3
6
b) V3+5

Your Turn
Rationalise:
) 6
a 4—/3
6
b) V3+4

Page 53




Worked Example Your Turn

Rationalise: Rationalise:
) — ) —

a 44243 a 4-2+/3
6 6

b) 2+/3+5 b) 2v/3+4
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Worked Example Your Turn

A rectangle has an area of (2 + \/ﬂ cm? and a width of A rectangle has an area of (15 — 6\/§) cm? and a width of
(3vV2 — 4) cm. Find the length of the rectangle in the form (2v/3 = 3) cm. Find the length of the rectangle in the form
a+ b2 a+bV3
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Worked Example

Your Turn

Rationalise:
4

1
ﬁ—l_\/?

Rationalise:
3

= 1
\/E-l-\/—7
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Worked Example

Your Turn

Find in its simplest form a : b, given:
a=+5++c

b =80 +Vd

c and d are positive integers
c:d=1:16

Find in its simplest form a : b, given:

a=v7++c
b =63 +Vd

c and d are positive integers
c:d=1:9
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Extra Notes
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3 Algebraic Fractions
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Simplifying Algebraic Fractions
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Worked Example

Your Turn

Simplify:
6x

10x2

Simplify:
6x

10x3
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Worked Example Your Turn

Simplify: Simplify:
5x+10 3x+12
a) a)
xX+2 xX+4
xX+2 x+3
b) ——— bh) ———
x2+5x+6 x2+7x+12
2x%+14+24 2x%+14x+24
c) ——mM— c)
3x2-15x-108

3x2+15x+18
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Multiplying and Dividing Algebraic Fractions
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Worked Example

Simplify:
6x _ 4y
a) Z =
6x N 4_y
b) 5 s

Your Turn
Simplify:
5a 5b
a) — X =
2b 30
b) Sa . 5b
2b 30
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Worked Example Your Turn

Simplify fully: Simplify fully:
2x% 4+ 7x — 15 2x + 12 2x%2 —17x 4+ 21 5x% 4 15x
X X
x%2 —36 2x3 — 3x2 x2 —49 2x2%2 — 3x
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Worked Example Your Turn
Simplify fully: Simplify fully:
3x*+8x+5 3x*+5x 3x* —x—14  x+2
x2—25 = 5x%2—25x 9x2 — 4  3x%2 4+ 2x
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Adding and Subtracting Algebraic Fractions
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Worked Example

Your Turn

Simplify:
x 3x
5 8

Simplify:
5 8
x ' 3x
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Worked Example

Your Turn

Write the following expression as a single fraction in its

simplest form:
8 3

2y T 3x2y2

Write the following expression as a single fraction in its

simplest form:
5 3

5-}_ 4a3b
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Worked Example

Your Turn
Simplify: Simplify:
a) 5x+2 4 X3 a) 4%X+5 + x-1
3 2 - -
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Worked Example

Your Turn

Write the following expression as a single fraction in its

simplest form:
1 1

x2—1+x+1

Write the following expression as a single fraction in its

simplest form:

1 1

a2—9+a—1
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Worked Example

Your Turn

Write the following expression as a single fraction in its
simplest form:
6 14

X2 —4 x+2

Write the following expression as a single fraction in its

simplest form:
4 5

at—9 a-—3
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Worked Example

Your Turn

Write as a single simplified fraction:
x?—16

3—(x—4)~+

x_

5

5—-(x—2)+

xZ

x+3

Write as a single simplified fraction:

Page 74




Solving Equations with Algebraic Fractions
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Worked Example

Your Turn

Solve
x+4 x+1_
2 5
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Worked Example

Your Turn
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Worked Example

Your Turn

Solve
4 5

=1
x+6+x+8

Solve
4 5

=2
x+3+x+4
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Worked Example

Your Turn

Solve

x—6

x—9

Solve

x—2

x—3
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Rearranging Formulae with Algebraic Fractions
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Worked Example

Your Turn

Make x the subject:

3
a x-—2

Make x the subject:
S5p | p

— =2
x+3 T b
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Worked Example

Your Turn

Make x the subject:
1 1 1

X y=z

Make p the subject:
1 1 1

p q 1
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Worked Example

Your Turn

Make x the subject:
5x b _Ax— d

A c a

Make p the subject:
3x f _5x—h

E g F
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Extra Notes
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