Preparation for Higher

Surds
Tor T
Va4 VO =2,5_5
\/m = \/1__3_- =5
Compare: A quick calculator check gives:

J243 and 2+ 3 J2+3=5=2.23...

V2x3=6=2-44...
J2x3 and V2 x3 J2x3=1-41...x1-73...=2-44...
\E=0-81...
‘Fandﬂ V2 141
3748 MR

The general rules that are true are:

Jaxb =ax+b and \/gz% These can be proved.
Note: \/Ezzx/gx\/azxjaxazx/c?za

Simplifying surds

To simplify 7108 find a factor of 108 that is The square numbers
a square number, e.g. 9. You know 108 =9 x 12. L1636 s
So V108 =v9x1 =\/§X\/ﬁ=3>(\/ﬁ 4 9 49 100
Just as 3 x x is written 3x so 3><\/1_2 is written 3\/5. S
Now 12 has a square factor of 4.
S0 312 =3 x4 x3 =3xJ4x-/3
=3x2xJ3=6x3=6\3
Here is a quicker method:
V108 =36 x3 =36 xV3 =6x3 =613
When the number under the Examples
root sign is as small as possible e 81
(no more square factors other Simplify: (a) V96 (b) 100
EEZHSJ,-)dYOU have fully simplified (a) V6 = /166 = V6 x V6 — 4x /6 — 446
81 81 9
b) |— =£=_=0.9
. 100 100 10

Not the same

V2+3=1-41...41-73...=3-14...

They might be the

same!

They might be the
same!




Preparation for Higher

Surds

1. Which of these numbers are surds:
V16,465, 1.3/8,3/9,1.4/50,1/33,1/27. /5. 41000, /- 1000

2. Find the exact solution of each equation.

(@) x> -5=9
(d) x> +11=12

Simplifying surds

(b) x> +6=36
(e) x'-13=26

(c) x* =4=60
(f) x*+20=19

1. Express in simplest form:

(a) V12 (b) v20 (c) v27 (d) V32

(e) V45  (f) Va8 (@) V50 (h) V63

(i) v75 () Va4 (k) 98 (1) V500

(m) 58 (n) 3V18 () 44200  (p) 3v1000
2. Simplify:

@) 7V2+342 (b) 9555 (€) V3+643

(d) 447 -7 (€) 9V10-9v10  (f) V585

@) 3V2-V2+7V2 () V7T +5+247
i) 25/+3V2-25-42 (k)

3. Solve these equations, where necessary leaving the answer as a surd in its simplest form.

(@) x* +8=36

(d) x*-147=0

Multiplication of Surds

1. Simplify:

(@) V3x+3
(d) Vax+3
(@ V2x+8

() V2x+8

(m) V2x+/10
(p) V10x+20
2. Simplify

J2(1+42)
(1+v5)V5
e) V2(3-242)
g9) (V3+D)(3-1)
i) G+T3-T)

a
c

—_—

—_— e

m (1+«/_)

(
(
(
(
(
(
(m)
(0) (V2 +v7)

k) (V7 -V13)7 +413)

() x> ~15=60  (c) %x3+2=51
(e) x’ +12=4 (f) x¥* =5=49

(b) V7 x7 (©) V2ax+2a

() Vox~2 (f) V3xy25

(h) V7 x+/3 (i) Vi1x+2

(k) V12x4/3 () V2x+/50

(n) V3x+6 (0) V8x+12

(@) 3v2x5v2 (1) 3v5x543

(b) V3(+3-1)

(d) V7(5++7)

(f) 3V5-2)45

(h) 5-2)(5+2)

() (V53+v2)5-42)

() 2V3+342)(2V3-3v2)
() (5-2f

() (V3-+5f

(i) 2310 -10v2
—4J11+8v10 - 2¥11 -2410



Preparation for Higher

Solution

2 2 2

r )
Rationalising the denominator
The dsnominator is irrational 2 % \/g 2\/5 The denominator is now rational
(a surd) —_— = an integer
T B 5
Process

You use vax+a=a to get rid of the root sign in the denominator.

Example 708 1Y
. . . . = axvb Jb
Express —— as a fraction with a rational denominator. = _ avp
18 b\ b x b b

2><\/§

OOt 8ign  no gt algn

12

=37~

yd

multiply top and bottom byu’Elo
rationalise the denominator

ﬁ_\/%@

Simplify J18 /

Sﬁxﬁz

V2
3x2 3

‘\

divide top and bottom
by 2 (cancel by 2)

-
Further simplification

N2+3V2=5V2
with 2x+3x=>5x
Similarly, by comparing with x + 3y +4x —
B+32+ 432
4B 43I-E
=53+22

Examples
Simplify:

@) 24/5-3V2+5+42

Solutions
(a) Rewrite as

25+ 5+ 42312 =

(compare 2x—=3y+x+4y)

(b) V2 + 2

3J5+2

NERIRNC NG

If you think of +/2 as an unknown number like x then you can compare

y you can simplify

=

b) V342 =3 22XV f+2\/_ V24+V2=22

708 TP
\/_+\/_

(compal’e X + ).




Preparation for Higher

Rationalising Denominators
1. Rationalise the denominators of these fractions:

1 6 8
b) — — d —
()\E (C)\ﬁ ()\12

7 3
f) — — h) —
()Jg(g)ﬁ ()\/5

. w 7
0) ﬁ ) ﬁ

2. Rationalise the denominator of these fractions then simplify:

& ol &)
S

[ [ 10 9 7

— b) —— L
(a)@ ()\/5_0 (C)JE ()Jﬁ

3. Write these fractions in their simplest form with a rational denominator:

9 5 9 3
(@) » (b) s ©) d 4z
V2 V3 10 5
4. Rationalise the denominators of these fractions and simplify:
1 2 8 21
a) —— b) —— c d
@ra PR 954 9
I 2 1-43 4445

f h
(e) V3-42 ”ﬁ+\6 @ 245 ()2+«E




Preparation for Higher

Indices

r
The rules of indices

4™ Roots

1 using (x")" =x""
164 =416 =2 (since 2* =16)

2

1 a3 —4 __ 3H—4) _ -1 _
81° =81=3 (since 3* =81 =2x2"=2 = =
Note: . 1 B o
/ (af) = ({/E)m 2. Simplify: (a) x?x4x ? (b) | x

m these are the same

B w2/ 1,.(2 2
a \ (a ),. =ja Solution (@): 4% 2ht ( 2) _ 4I[ 2) a4 —

Solution (b): = lz
X

1
272 =327 =3 Gince3’ =27) ¢ solution 2: (2")% X (23)_; = 2[4x‘] x 2“(7;

N =

1

~——x

RN

Rule Comments Examples
X " = When multiplying, the indices Exd=aP =4
are added. Note: not in the
case x" xy"!
" When dividing, the indices are ¢
o X" subtracted. a-¢ =¢
myn mn When raising a power to a 34 3xd 12
(x™)" = x gap () = =
power, multiply the indices. g d Y
0 =1 Any number or expression 1°
(other than zero) raised to the 20 —1 (EJ =1
i 1.
power zero gives (@t b =1
W1 Something to a negative power N R e
= can be rewritten as 1 divided a =a77 a =
by the same thing to the
positive power.
\
4 R - 7o
Fractional indices rrer
=
a
3 power 3 (cubed) 24— power 2 (squared)
92 -€—— square root 834—cube root Examples
3 _a
=(J§)3 =3'=27 :(2/5)2 —22—4 1. Evaluate 16* x8 °
3
Cube roots 3 6 3
1 Solution1:164xl4:( 1 :2_4:£:l
8 =y8=2 (since2’=8) g (¥8) 2 16 2




Preparation for Higher

Indices

1. Simplify each expression.

(@) @’ xa* (b) n™?xn’ (c) ¢®xc
(d) d>xd’ (€) 3a*x5a° (f) 4b° x2b°°
(0) 8¢*x7c (h) = i)y <y~
L kS 12¢° 481"
() o (k) P (1 6f "
(m) 30c° +¢* () () (0 (v7)°
(p) (61°) @ (@x2) () (o)
(s) (x*y7) M (k)"
2. Evaluate:
(a) 252 (b) 16¢ (c) 125°
(d) 1287 ) 8 (f) 81+
(g) 1000° (h) 2435 (i) 625 ¢
() 64 ©
3. Simplify:

(@) k%xk}' (b) rgxrg (c) g*xg *
d) ¥y iy (€) 4d > x5d> (f) 2Vexde?
@ < (h) d* +d* o\

; g

d

1 3 43\/; 1)z
i) 4d? +5d> k ) | 4d
() (k) o (1) [ )
m) (1) ) [d) © ()

®) {s?r?T



Preparation for Higher

Complex Indices
1. Express each fraction as a sum or difference of terms.

x* +x7 ¥ x2 %2 —x°
(@) o (b) o (c) Py~
2 3
2x* +3x7 -1 X3 4xt 42
@ == @ 0~
xtx’ x4 x? - 2(xt —x°)
h ) ——
() Py (h) - (i) ar
x4+ x? 2Vx +x° Ax +24/x°
() (k) ——F—— () —F——
x Jx Yy

2. Express each fraction as a sum or difference of terms.

@ 2k o DD (=
(d) (i_ T e) m

X X2
0 (vt]o-1] @O w22



