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OVERVIEW

SYLLABUS CONTENT
MAS5-IND-P-02 describes and performs operations with surds and fractional indices

Apply knowledge of surds to solve problems

e Establish and apply the following results for x > 0 and y > 0: (\/E)Z =x =VxZ, Jxy =Vx x [y

X _E
and\/;—ﬁ

e Apply the 4 operations to simplify expressions involving surds

¢ Expand and simplify expressions involving surds
avb

e Rationalise the denominators of surds of the form 0

https://MrDingMaths.com | 260207 Page 2 of 54



REVIEW OF PRIOR KNOWLEDGE

1 Evaluate the following:

a 22 b 32 c

e 62 f 72 g

2 Evaluate the following:

a 4 b 25 c
e 81 f V100 g

42 d 52
82 h 92
V49 d -—J/64
—/121 h 9

3 Factorise these numbers based on their highest square factor.

(highest factor that is also a square number)

a 20 b 18 c
=4x5
e 48 f 96 g

4  Simplify these expressions.
a 2x+5+6x b 4y +2x—12y

5 Expand these expressions.
a 4(3x +5) b 7(2x — 5)

d —4(x+8) e —4(y—12)

6 Expand these brackets.
a (x+2)(x+5) b (x+3)(x—4)

d (Gx+2)2x—7)

(1]

(2x—=2)3x—-1)

125 d 24
72 h 108
c —3x+2+4x-7

c 3x(x +5)

f —4x(2x—9)

c  (x+3)(2x+5)

-

(x +5)(x — 5)
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SURD LAWS

Language of Surds

index

|

n <+— radical
va

T

radicand

Example ldentify parts of a surd.

Surd Index Radicand
V7
V7
Va

3Va

3
Yn+5

23/n2+5
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SURD LAWS

Inverse Relationship Surd Law of Multiplication Surd Law of Division

(V2)" = x

V@ b = ab Va-vE=[2

P — b
Xc =X

Example Multiply and divide surds.
(Vi1)’ V3 x V10 V24 ++/8
=11 =30 =3

Simplify these expressions.

a

V3 x V7 b V8x+2 c V2xvI1 d (V12)°
V20 =2 f V45++5 g Vig8=+6 h V49 ++7

V10 3 V3 V7

Check your understanding

Determine whether you can use the surd laws to simplify the expression.
a V7x+5 Yes | No e V6xV05 Yes | No
b V7+v5  Yes|No f V6+v10 Yes|No
c JV7=+5 Yes | No g +V6++12 Yes|No
d V7-7 Yes | No h V6—+3 Yes | No

Key ideas

1. Raising to a power and rooting are .................. operations; they undo each other.

2. VaiZ=(Va) = ..o,

3. The surd law of multiplication says that va x Vb = ............

4. The surd law of division says that % = e
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FOUNDATION

1 Evaluate the following.
a (VID)’ b VII? ¢ (v8)’ d V& e (Vo)
11 11 8 8 6
2
a Write down the value of
i V4 i V25 iii V100 i /400
2 5 10 20
b Hence show that
i V4 x+/100 = /400 i V100 ~ V4 =25
2x10 =20 10+-2=5
3
a Write down the value of
i V9 i V16
3 4

b Hence show that

i V9++16 =25 i V16 —V9 =47

3+4#5 4—3 %47

4  Use the fact that va x Vb = Vab to write each expression as a single surd.

a V5x+3 b V7x+V11 ¢ V51x+2 d V15 x+21

V15 V77 V102 V315
e V2x+11 f  V3x47 g V10x+/3 h V10 x+7

V22 V21 V30 70

5 Use the fact that vVa +~ b = \/% to write each expression as a single surd.
a V21++3 b V26+2 c V51++17 d V3++v21
1
V7 V13 V3 7
V2 Vi V32 E:
© V5 9 V5
V10 3 2 V7
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DEVELOPMENT

a  Using your knowledge of index laws, explain why (3\/3)2 = 32(\/3)2

Index law of power of a product: (ab)™ = a™b"

b  Therefore, explain why (3V5)” = 45

324/5° = 9(5) = 45

7 Evaluate the following.

a (3v2) b (2v3) ¢ (5v2) d (7)) e (45

18 12 50 700 80

8 Simplify these expressions. Write your answer as a whole number.

a (V2) d (Vio)’ g 3(V10)’
b (V3) e (2vi0)’ h  5(10)°

3 40 50
¢ (V5) i (3v10)° i 10(v10)’
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SIMPLIFYING SURDS

1. Factorise the radicand (number inside the root) according to its highest square factor.
4, 9, 16, 25, 36, 49, 64, 81, 100, 121, 144 ...

2. Split the surd, then simplify perfect squares.

Example Simplify surds.

V45 What is meant by highest square factor.
1. V9x5 The .................. factorthatisa ............... number.
2 JIx+5 Which law says V9 x 5 = V9 x V57
_ 3.5 Surdlawof ........................
3v40 Why did we split V40 into V4 x v/10, rather than v/8 x v/5?
1. 3JFx10 Neither 8 nor 5 are ............... numbers.
2. 3410 Why is 3vZ = 67
= 6V10 3Vd=3x ...... =6
\/80 Why is this not fully simplified?
3 V80 = V4 x 20
, V163 = 2v20
| 3 V20 can be further ............... tO v,
4+/5
, X5
3

Simplify these surds.

a V12 b V28 c 54 d 38
23 2V7 3v6 6v2

e @ f _Sm 75 50

2 6 g o h Te
2v3 5V10 5 53 5 5V2
3 \/—§ orT m or o

Key ideas
1. To simplify surds, we factorise the number inside the root (called the ............... )
according to the highest ............... factor.

2. Then we split the surd using the surd law of .....................
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FOUNDATION
1 Simplify these surds

a 12 b V45 c V24 d 48
=v4x3
13 3V5 2v6 43
e 75 f /500 g 98 h 9
5V3 10V5 72 3vV10
i V128 j V360 k V162 I V80
8v2 6v10 92 45

2 There are many ways to factorise v600. 1 is given below. Find 2 more different ways.

V600 = 2v150

5v24,10V6
What is the simplest form of v600?
10vV6
3 Work out each value of x
a 150 =5vx b +/300=xV3 c Vx=7V13
6 10 637

4  Samira has simplified v200: V200 =4 x50 =2 x50 = 2y50

Explain how Samira can improve her answer.

Further simplify v50; 2v/50 = 2 x 5v2 = 10+/2
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DEVELOPMENT
Consider the working out to simplify V72
V72 =vV9x 8
= 38
=3v4d x2
=3X2xV2
= 6Vv2

a Explain why the working out for simplifying /72 is longer than it needs to be.

You can split V72 to vV36v/2;

9 was not the largest square factor of 72.

b  Therefore, simplify /72 using as few steps as possible.

V72 = V36v2 = 6V2
Simplify these surds. Try to write as little working out as possible.

a 8 f V192 k V160

242 83 410
b V12 g /320 | V1600

2V3 8V5 40
c V32 h /80 m 200

42 45 10v2
d 64 i V40 n V250

8 210 5V10
e 128 j V90 o 175

8V2 3v10 57

Simplify these surds.

a 2V18 b 448 ¢ 398 d 4125
=2x3V2 =4 x 43
=62
'16\/§ 21V2 20\/§
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Simplify these surds.

a 8 f 72 k 5V720

2V2 6v2 60V5
b 2v8 g 5V72 | 5v360

W2 30v2 3010
c 3V8 h 5V144 m 5V36

6v2 60 30
d 72 i 5v1440 n 525

6v2 60v10 25

Determine the exact side length, in simplest form, of a square with the given area.
a 32 m? b 120 cm? c 240 mm?

42 m 2+/30 cm 4+/15 mm

Determine the exact radius, in simplest form, of a circle with the given area. A = nr?

a 241 m? b 541 cm? c 1287 mm?
2J6 m 3v6 cm 8v2 mm
Simplify.
a V675 b V1183 Cc V2883
15v3 13v7 31V3

Sorry :)

https://MrDingMaths.com | 260207 Page 11 of 54



MASTERY

12 Express these surds as a square root of a positive integer.

a 2V3 b 42 c 3V3 d 35
f— \/Z X \/§ == \/1_6 X 2
f— \/ﬁ .
e 6V3 f 82 g 10V7 h 9V10
V108 V128 700 V810

13 Use Pythagoras’ Theorem to find the unknown length in simplest form.

a b c
6m V7 m
2 cm \I
3m
4 cm 2m
2+/5 cm

5 3v/5m
d e f
12 mm
V20 mm 4 cm
1 mml/ 3 mm 10 cm

VIIm

V145 mm V11 mm 2421 cm
14 Simplify the following.
a 3V125-3/8 b 324 ¢ 2000 d V64
3 233 1032 232
15 Simplify the following.
a Va%b b Va*h? ¢ Vabb3 d Va5p3
avb a’b a’b a?bVab
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ADDITION AND SUBTRACTION OF SURDS

e We can only add and subtract “like” surds; like surds have the same radicand and index.

1. Simplify all surds.
2. Collect like surds.

Example Add and subtract surds.

3V7 =6 + 27 How is this similar to simplifying 3x — y + 2x?
2. 3T =V6+247 We collect ............... surds
=5V7 -6
Va4 ++/99 How did we add V44 and v99 even though they aren't like
1. VAVIT 4 VOVIT surds?
VAT + 3VIT We .............. the surds to make like surds.
2. 5V11

Simplify these expressions.

a 2Vi1+4e6V1l b 3V6++6 ¢ 5V743V5—-47
8V11 46 V7 +3v5
d V8++2 e V12-+3 f 54++24
3V2 V3 5v6
g 2V8-+18 h 2V5++45 i V72-50++12
V2 5v5 2v3 ++2
Key ideas
1. We can only add or subtract ............... surds; surds with the same ..................
and ...l
2. Sometimes we can create like surds by .................. them
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1

Decide whether these pairs of numbers are like or unlike surds.

47

a 3V4, 42 b
unlike

e 6V6, 3V3 f

unlike

Complete the following:
a 11x —5x=............

Simplify these expressions.

a 2J/5+4/5

d 8V2-5V2

Simplify the surd V48

Hence, simplify the following:

a +3++48

e 410+ 3V10—+10

Simplify all surds, then collect like surds.

a V8-+2
=2v2 -2
d 20-+5

g 3V44+ 211

b V8+3V2
e 4J18-5V2
h 3V8-+18

5V3, 2V3 c 42,
like

V8, -8 g 192,
like

sO11V2 —=5V2=............

SO8V2—V2=............

SO8V2—7V2=............

b 5V3-2V3

3v3

-33

5v2

7V2

3v2

FOUNDATION

d 3, 35
unlike unlike
h -3v6, 35
like unlike
6x, 6V2
7x 7V2
X \/i
V2 =32
42
V21 —5vV21 4+ 2v/21
—2\21
43
5v48 — 343
17v/3
V27 +4/3
443
24/75 + 2V/3
12v/3
24/125 — 3+/45

—
V5
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Simplify these expressions.

23 +3vV2 -3 +2V3

a
3vV3 +3V2
d 2V3+2V7+2V3-2V7
43
Simplify these expressions.
a 2V/3+5V/3
73
b 2V/3+5V6
Can’t simplify
c 2V/3+5V12
12v/3
d 2V3+5V27
17v3

DEVELOPMENT

Calculate the perimeter in simplest form.

a

\fgcm

V2 em

2V2 + 245

V20 cm

445 4+ 2410

b 3V5—-4V2+vV5-3V2 ¢ 5V2+2V5-7V2—-+/5
45— 72 —2V2++/5
e 5V11+3V6-3V11 f —4v10 - 5v2 ++10
2V11 + 3V6 —3v10 — 5v2
e 2V3+6V27 660 + 21/240
20V3 2015
f 230+ 6V27 6V6 + 2+/24
2v/30 + 183 10v6
g 2V30+6V120 6v6 + 2v/24 + 5v/36
14+/30 10v/6 + 30
h  6V30+2V120 | 6V16 + 224 + 536
10v/30 54 + 44/6
b Vfcm c \Ecm
3V8 cm V2 em l/
1442 3vV2 +/10
e f V27
\Em IN cm
V27 m
V75 cm
4/3 ++/30 12v3
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MASTERY
9 Prove that each of the following simplifies to zero by showing all steps.

a 5V3-108++3 b 6V2-2V32+2V2
¢ 2v20-7V5++45 d 3v2-2V27-/50+6V3++8

10 Simplify the surds and combine the fractions using a common denominator.

V8 V2 b V12 3 . 3v5 V20
3 5 4 + 6 4 3
N2 243 V5
15 3 12
q V98 5v2 2v/75 343 ; V63 47
— — e _— — — L —
4 2 5 2 9 5
%\FZ \Fg *21\/7
T4 2 45
2v18 72 h V54 " V24 V27 108
—_— — —_— —_— 1 — . —
g 3 2 4 7 5 10
-2 296 0
28
. 5v48 N 2147 K 2v96 600 | 3v125 2v80
] 6 3 5 7 14 21
83 34/6 295
35 42
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16  Simplify fully.
a 600 ++/300—+216 b 418 +3V12 — 250 ¢ 2V175 - 5v140 — 328

46 + 103 2V2 + 63 4+/7 — 104/35
17 Find the value of x.
a V63—+28=+x b 80-+20=+x ¢ 2V150 — 3v24 = Vx
7 20 96

https://MrDingMaths.com | 260207 Page 17 of 54



MULTIPLYING SURDS

Multiplying Surds
avx X b\[y = ab\[xy

1. Multiply the coefficients and the radicands separately.
2. Simplify, if possible.

Example Multiply surds.

V15 x /5 Why is V75 = 5v3?
1. V75 We can split 75 intoN N, which is 5v3
2. 5V3
5v6 X 74/10 How is this similar to simplifying 5x x 7y?
1 35V60 We multiply the ............... and ..................
separately.
2. 7015
Why is 35v60 = 70v/15?
35160 can be split into 35v ', which is
70V15.
Simplify these expressions.
a VJ7x+3 b +/5x+20 c V12x+8
V21 10 46
d 2x3V2 e 2V6x5V3 f —4/5x3V11
62 30v2 —-12v55
g 2V3x3Vi5 h (2@)2 i 3V2x-4V6
18V5 20 —-24\3
Key ideas
1. xmXxyvn= ...
2. Rememberto ............... the result as much as possible.

https://MrDingMaths.com | 260207 Page 18 of 54



FOUNDATION
Simplify these expressions.

a V3x+5 b V7x+3 c V2x+13

V15 V21 V26
d V2x(—/15) e —V/6x+5 f  —/6x(—V11)

V30 V30 V66
g V2042 h Vi8++3 i V/30+ (—V6)

V10 V6 -5
o D o
J J5 V3 V2

\/g \/E 7\,@

Simplify the following. Ensure your final answer is fully simplified.

a V9x+9 b Vi4x+7 c  V2x+22
9 72 2V11
d V3x+18 e V10x+/5 f V12 x /8
3v6 5v2 46
g (2v3) h  (7V3) i (9v2)
12 147 162

Simplify v/8 x V27 by:
a Simplifying each surd then multiplying b  Multiplying the surds then simplifying.

242 x 33 V216
=6V6 =366
=6V6

Why is simplifying before multiplying easier in the example above?

You don’t need to find square factors of a large number.

Simplify these expressions by simplifying each surd before multiplying.

¢ /8x+18 d +54x+8 e V75x+3 f V12x+/18
=27 x3Vv
12 12v3 15 6v6
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DEVELOPMENT
Simplify these expressions.

a V2x+3 f J12x+3 k V20x+4

V6 6 45
b V4x+3 g Vi2x+4 I V20x+5

2V/3 43 10
¢ V5x+v3 h Vi1x+V4 m V20 x+10

V15 2411 10vV2
d V6x+3 i V10 x V4 n 20 x+20

3v2 210 20
e V24x+3 j V10x+8 o V20x+40

6v2 45 2072

Simplify these expressions.

a 2V2x+3 f 2V12x3V3 K V20 x2vV4

26 36 8V5
b 2V4x+3 g 2Vi2x3V4 |  5V20x3V5

43 243 150
¢ V5x2V3 h 2J11x3V4 m  5v20 x 3V10

2V15 12411 150V2
d V6x2V3 i V10 % 2v4 n  5v20 x 3v20

6v2 410 300
e V24x3V3 i  Vi0ox2v8 o 220 x 3vV40

182 8v5 12042
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MASTERY

6

Consider the method of factorising a surd before multiplying:
Worked Example Explanation
V7 x V14 The “normal” method would have been to
B multiply 7 and 14, then find the largest square
=7 xV2v7 factor. Why is this method faster?

=72

This method avoids working with large numbers.

Use the method of factorising to simply these surd multiplications.

a +V8x+24 b V12x+/18 c 2V14x+21 d V11 x+/55
=v8xV V8 =V VexVv V6
B B 146 11V5

8V3 6v6

Simplify the following. Ensure your final answer is fully simplified.
For some questions, it is useful to simplify before multiplying or factorise the surd.

a 2V/5x+15 b 3V7x+14 c —5V10x+/30
103 212 —504/3
d 3v6x (—V18) e 3V14x2/21 f  —2V7 x (=3V14)
—18v3 426 4242
g V24x+20 h V54 x+75 i 272 x3V80
44/30 452 144410
j V108 x (—2V125) k  —4v27 x (—V28) I /98 x 300
24421 706

—60V15
https://MrDingMaths.com | 260207 Page 21 of 54



8 Determine the unknown side of the following right-angled triangles.
a b c

02 26
36 .,

2V6 V30 6

9 Find the length of the diagonal of a square, which has an area of 12 cm?.

A square is a rhombus. The diagonals are equal.

Alternate method, each side of the square is v/12
Using Pythaogras, diagonal is (\/ﬁ)Z + (\/ﬁ)Z
=+V12+ 12

V24

=26
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DIVIDING SURDS

Dividing Surds

a\/§+b\/§=% a

1. Divide the coefficients and the radicands separately.
2. Simplify, if possible.

Example Divide surds.

V10 + /15 1848 + 6+/2
10 18 |48
1. — 1. — |—
15 6 \ 2
2. =324
2
2. = |3 = 3V4/6
= 616
_Vz
VK]
Simplify
a +J15++3 b 3V/10++5 c 621 +3V7
V5 3v2 23
d 8/11+6V25 e 3V/80+8V5 ; 51
4
4 3
5V . p
Key ideas
1. x¥m=yVn= ...
2. Rememberto............... the result as much as possible.
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Simplify these surds.

a V20++2 b 15+
V10
d —/30=-V6 V15
e —
V5
V5
Simplify these surds.
8 12
a - b —
9 49
22
3
10 21
d — e —
9 144
10
3
28 h 15
9 50 27
27 V14
ﬁ or 5

V45 V24
a — b —
3 4
V5
344 ; 21/98
© 2 7
3vV11
Simplify 73 by:

a Simplifying each surd then dividing

2v3

V3

o

<
SR

FOUNDATION

c V33+(-V11)
V5 -3
f —v40
V8
V3 -5
18
c g
25
23 3v2
7 5
26
f -
32
V21 V13
12 T4
45
i _
72
\/g \E 4\/ﬁ
3 22 oy
V80 d V99
20 18
V5 J11
5 6
6V75 h 2v108
20 18
33 23

Dividing the surds then simplifying.
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DEVELOPMENT
Simplify the following. Ensure your final answer is fully simplified.
For some questions, it is useful to simplify before dividing.

7 b Y2 _ yiez
NG NG ¢ vz
3 2 -9
242 2V45 ; 5v27
5v8 ¢ 1svs J75
1 2 3
"5 5
Simplify the following.
6V14 b 15v12 4+/30
a5 52 © &6
22 3v/6 V5
2
g 82 33 ; 12470
226 © OVZ1 18v14
4 1 25
V13 37 3
Simplify fully.
Va0 b @ 2/6x/5
a Vo V50 ¢ o
2 3 243
q 5vV7X%V3 V15%+/20 ; 6v/3%x8V2
V28 € Viz V3ZxvZ7
5v3 5 4
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8 Consider the isosceles triangles below.

a

Cc

9 Show that

10 Simplify the following.
V45 + /80 — 72

a

Calculate the area of the triangle.

15¢cm

12em

The area of this triangle is 30v/5 cmZ2.
Calculate the perimeter.

12¢em

18

2y

4++v12

12 +2v161 cm

Y. ,
is an integer.

3v24 + 6150 — 5vV54

2/6x3/7

MASTERY

The area of the triangle is 18v5 cm?2.
Calculate the height.

3v5 cm

The perimeter of the triangle is 50 cm.
Calculate the area.

30v/13 cm?

216

ol%
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11 Simplify the following.

a (3v2) b (5v3) ¢ 2(3v3)°
=332
=27 x 22
- 542
375V3 1623
d (V5 e (—v3) £ (2v2)°
25 9 128v2
g -3(2v5)° h  2(-3v2)° i 5(2v3)'
—1205 —-322 720
(2v7)° . 2 ;2
4 4 4
147 27V2 81
Fa
(5v2)°  (23)’ 2v3)°  (-3v2)' (2v3)°  (-2v3)°
4 X 3 n 9 X 3 ° 5 X 24
100v3 144 —96v15
(3v3) _ (5v2)° (2v8)" . (2v3)’ (2v2) _ (2v8)°
2 4 9 50 5 r 9 W27)
V3 5
% 3v3 Al

2
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DISTRIBUTIVE LAW WITH SURDS

Distributive Law

AN
a(b+ c) =ab + ac
1. Expand brackets.
2. Simplify.
Example Expand brackets involving surds.
V3(3V5 + V6) 3v6(2v10 — 4V6)
1. 3V15++18 1. 6V60 — 1236
2. 3V15+3V2 2. 12V15-72
Expand these expressions.
a  VZ(VI0-v2) b V6(v8-2) ¢ V3(WZ+5)
V10 -2 V8 -2
V2 V6
2v5 -2 43 - 2v6 V6 + V15
d 2V3(V5++7) e 3V2(2V13-V11) f  4/5(5-V10)
2V15 + 2v/21 6726 — 3v22 20 — 20v2
Key ideas

1.
2. The distributive law applies to

The distributive law states that we can expand brackets using a(b + ¢) =

as well.
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1

2

a

Expand and simplify the following.

a

Cc

e

V2(v10 —v2)

V5(V15 + 4)

3v3(9 —21)

—2v/6(3V2 — 2V/3)

—2/8(2v2 — 34/20)

V2(3-+v3) -8

VS(VZ+1) — Va0

VZE - 2v2(\3 - 4)

245 -2

5v3 +

273 —

45

9\F7

—12V3+12V2

—16 + 24410

V2 -6

N

10

8v2

FOUNDATION
Use the distributive law to expand the following and simplify the surds where necessary.

b V6(3++3)

d J6(\8-2)

f  3WV7(V14 - 2V7)

h  3V7(2V7 + 3V14)

i 2V3(7V6 + 5V3)

b VB(V6+vZ) -3

d V44-2(V11-1)

f  2V3(V6—+v3)—+/50

https://MrDingMaths.com | 260207

3v6 +3v2

43 - 26

21V2 — 42

42 + 6342

4242 + 30

3V3+4

V2-6
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EXPANDING BINOMIALS INVOLVING SURDS

Distributive Law for Binomial Products

(@d):ac+ad+bc+bd
T A

1. Expand brackets.

2. Simplify.
Example Expand binomials involving surds.
(V15 +2)(¥3-3) -3 (V15 - 6)" B
= 45—3\/E-|-2\/§—6VfE Vi 373\,% = 15— 290 + 6 S is _m
=3V5-3V15+2v3—-6 | i | =21 —2+90
R I N E|
Simplify these expressions.
a (VI+1)(2-1) b (V5+1)(VE-1) ¢ (V-vE)
V3 1 V5 1 V7 -5
Vi Vs v
-1 -1 -5
V6 —V3++v2 -1 4 12 - 2V35

4 @E-D(E-2) o (VI-DEI+)  f  (JE40)

14 — 5vV6 27 + 1242 22 + 6V13

Key ideas
1. The rule for expanding binomialsis (a + b)(c+d) = ..cciviiiiiiiiiiiiiiiiin,
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Expand these binomial expressions.

a (V+1)(2-1)
V6+vZ- V31
d  (V6-1)(6-2)
8—3V6
Expand these expressions.
a (3-2V7)(V21-4v3)
11V21 - 26V3
d (4/2++7)(3V14-5)
197 ++2
Expand these expressions.
a (V5+2)(vV5+1)
7+ 3V5
b (2++5)(1++5)
¢ (2-VE)(14++5)
-3++5
d (V5-2)(v5-1)
7-3V5

b

(V5-2)(V7 +3)

V35 +3v5 - 247 -6
(V7 =2)(2V7 + 5)

44++7

(2v/6 + 5)(v/30 — 2V5)

2V5 ++/30
(3V3 +4) (V6 — 2v2)

(2+2v5)(1+5)

12 + 445

(V5+2)(V5-1)

3+45

(V7+2)(V7-1)

V7

(2v7 +2)(3V7 - 1) J

40 + 47

Cc

f

FOUNDATION

(VB +VD)(V3 +2)

V15 +v10 + V6 + 2

(3v2-1)(V6 —3)

7V3 — 46

(3V5 + 1) (V7 + 24/35)

30 + /7 + 5V35

(5 —3v2)(2v10 + 3V5)

V10 + 35

(2V7 +2)(3V7 - 6)

30 — 6v7

(V7 +V6) (7 - VB)

(V7 —=V6)(V7 - V6)

13 — 2+/42

(V7 +V8)’

13 +2v2
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DEVELOPMENT
Expand these perfect squares.
(a + b)? = a? + 2ab + b?

(a —b)? = a? — 2ab + b?

a (V3+1) b (2-v6)’ ¢ (4+V7)
4423 10 — 4V6 23 487
d (2v3+4) e (2V7+V5) f (3vZ-2V3)
28 + 16V3 33 + 4435 30 — 126
g (5v3-2v8) h  (3V5+47) i (5V6+3V5)’
107 — 406 157 + 2435 195 + 30v/30

Expand these using the difference of two squares.
(a + b)(a —b) = a? — b?

a (3-vD)(3+2) b (5-8)(5+E) ¢ (B+v2)(V3-I)

7 19 1

d (3vV2-VII)(3V2+Vil) e (2v6+3)(2V6-3) f  (7-2V5)(7+2V5)
g (5V8-10v2)(5V8 + 10V2) h  (3V7- 4x/€)(3x/7 + 4V6)
i (2V10 + 4V5)(2V10 — 4V5) i (4V10-5V6)(4V10 + 5V6) )

—40 10

What do you notice about the result of a difference of two squares above?

The answer has no surds.
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7  Simplify the following expressions.

a

8 Find the area of these shapes in exact form.
a

5%x5

5 x /5

5v5

V5 x5

wu

5 % 5v5

25V5

Ll
Ll

2 ++3 cm

772 -1 c¢m

e

V5 x 5v/5

25

5v5 X 55

125

5(5+V5)

25+ 5v5

V5(5 +5)

5+5V5

7+ 43

N@—lcm

%(7\%—7ﬁ7\5+1)

5(5 + 5V5) m

25 + 25v5

(5+V5)(5-V5)

20

5v5(5 +V5) n (5+V5)(5+5V5)
25+ 25V5 50 + 305
5V5(V5+5V5) o  (5+5V5)(5+5V5)

150

9 These rectangles are similar. The scale factor is 4.
Find the area of B in its simplest form.

v3cm A

V6cm

https://MrDingMaths.com | 260207

150 + 50v5

(5+V5)(5+5) P (V5+5V5)(V5 +5)
30 + 10V5 60
b
V3+1m
V3—1m
d
5v6 — 233 mm
81 —30v2
48+/2 cm?
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10

11

12

MASTERY
Simplify the following.

) > (B-g)

NN

N W
Nl e
w

Show that x = —3 + 2+/2 satisfies the equation x2 + 6x + 1 = 0

LHS = (-3 +2v2) +6(=3+2v2) + 1

=9-12V2+8—-18+12V2 + 1

=0=RHS

Find the value of a and b.
a (V3+1)'=a+bV3 b (4—V5) =a+bV5

a=4b=2 a=21,b=-8
¢ (2V3+V2) =a+bV6 d (2vZ+1) =a+4Vb

a=14,b =4 a=9,b=2
e (2V3-3v6) =a+bV2 f o (1-3v2) - (2+3v2) =a+bV2

a=66b=-12 a=-3,b=-18
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RATIONALISING THE DENOMINATOR

¢ Rationalising the denominator means to write a fraction with an integer denominator.
e Multiply the numerator and denominator by the surd in the denominator.

Rationalising the Denominator

aX\/E_a\/E a X\/E_a\/z a\/EX\/E_a\/H
vb b b bvc e be cd Jd o cd
Example Rationalise a single-term denominator.
1 y V2 Why does V2 x V2 make the denominator rational?
V2 2 VEXVE=(VE) = oo
_ @ Why do we need to multiply numerator and denominator by the
2 same thing?

To keep the expression ........................

2 3 Why did we only need to multiply by v/3 and not 5v3?
53 * V3 Our goal istomake3a ............... number, multiplying by \/3 is
24/3 sufficient, as 5 is already ..................
T 15 Show why the denominator is 15:

— V2 142
a 73 b — c
V3 V3
V3 V6 V3+V6
s 3 3
g V6-5 V3 ‘ 8+3v2
Vz ° 2 45
2V3-5V2 V6 85 + 3v10
2 4 20
Key ideas
1. Rationalising the denominator means to write the denominatorasan .....................
avb . . .
2. For m, we rationalise the denominator by multiplying .................. and ..................
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Write the missing number.

a V3x.... =

d 43 % ... =12
1 _ V3

g FX—=3

Rationalise these denominators.

1
a2
g X

V5

Rewrite the following in the form

Rationalise these denominators.

42
a _\/7
3vV6
d 7

By rationalising the denominator, show that

Therefore, simplify:

a 2
V2

<
w

2l G

NS

by
al

€2}

«| &

“|8
S

414

~

3V42
7

Gl

b

Q-

@l &

5=5

V5
7=21

3V7

V7

7

V7
V7
V7
7
V15
3

ﬁ and then rationalise the denominators.

Vb
b (2
7
6
e_
7
5v2
b V2
73
73
¢ Vio

g
4

°E
[y}

vl
<
N

7\@
10
n \/—
— =Vn.
Vn
c 93
V93
V5

V93

FOUNDATION

3\@
11

<
iy
NN

! ‘

a

<
I
~

Vab
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Rationalise these denominators.

5
a \/_E f
5V2
2
6
b \/_E g
3v2
6
c \/_§ h
23
4
d \/_§ i
@
3
4
e \/_g J
26

Rationalise these denominators.

447
a — b
5v3
421
15
512
d — e
3v27

10
9

243
3v2

w6
243

DEVELOPMENT

K 5
V5
5vV6 V5
6
| 8
V8
5v6 V8
12
10
m —
V8
5v6 58
18 4
10
n _
V12
J6 5vV12
12 6
10
o _
2V3
V5 5v3
10 3
5v7
c —
3v5
V6 V35
3 3
f 7v90
270
92 37
2 2
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8 Determine the exact value of the area of the following shapes.
Express your answers using a rational denominator.

a ) b [ ] N
— CIn
5 cm B -
2 m
V6
5v3 2
3 3
9 Rationalise these denominators.
142 b 2—/3
@ B NG
V3 ++/6 2+/5 —+/15
3 5
g V2+7 6—V10
NG ¢
243 ++/42 6v/5 — 5v2

6

13  Simplify the following.

o(E-

5

MASTERY

\/Emm
1 l
— mm |
)\/3 -
\3 mm
V10 + 15
10
V5+v/2
V7
V35 ++/14
7
3v5+5v2
V10
3vV2 + 25
2
(x —y)?
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RATIONALISING BINOMIAL DENOMINATORS

THE CONJUGATE
e The conjugate of a + b+/c is a — bv/c.

Example Identify the conjugate of an expression.

Expression Conjugate
7+V3
8+V5
V5 +8
V5-8
4—7
5+ 3v2
6 —2vV3
4V6 -3

CONJUGATE PRODUCT

e The product of an expression and its conjugate is a difference of two squares.
e A conjugate product has no surds.

Conjugate Product

(a +v2)(a— o) (a + bve)(a — bVT)

=a’—-c =a? - b?c

Example Determine the conjugate product.

a (2+v3)(2-+3) b (5-vV6)(5+6) c (7-V3)(7++3)
=22~ (3
=4-3
=1

19 46

d (5+3V6)(5-3V6) e (7+2V5)(7-2V5) f  (12-2v3)(12++3)

—29 29 132
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RATIONALISING A BINOMIAL DENOMINATOR

e For binomial denominators, rationalise by multiplying by the conjugate.

Rationalising a Binomial Denominator

VE-e Vb —aye

Jb+ve Vb—ve  b-c
\/B+\/E_a\/5+a\/z

Vb—ve ‘Vbive bE-c2

Example Rationalise a binomial denominator.

3 How did we know to multiply by 5 — v/3?
5++/3 5 —+/3 is the conjugate of ..................
15— 33
=—c_3 How did multiplying by 5 — /3 make the
/3 denominator a rational number?
— 15-33 oftwo ...............
22 (a + b)(a — b) = a? — b? means the surd is
gone.
V5 How do we know what to multiply by to
W2 —3 rationalise a binomial denominator?
_2V10+3V5 Multiply by the .................... of the
4x2-9 denominator.
= —(2v/10 + 3V5)
Rationalise these expressions.
1 1 4
? B 52 Va2
\@ +1 V5 + \Q 4—xrﬂ - 4\/2
2 3
q V3-4 2V7 243
V3+4 2V7-5 V5+2v6
-19 +8V3 28 + 107 —2v/15 + 12v2
13 3 19
Key ideas

2. The conjugate ofa+ b is .....

1. To rationalise expressions with binomial denominators, we multiply by the .....................

, and the conjugate of a —bis ...............
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FOUNDATION
Expand these products of conjugate pairs.

a (4-V3)(4++V3) b (5+V7)(5-+7)
¢ (V6 - 2vI0)(v6 + 2vT0) " d (a+vB)(a-B)

Do you get a rational number as a result in each example?

yes

2 2 4—/3
is —— —7
Why is 3 the same value as 3 X V3

You multiply the numerator and denominator by the same expression, so the resulting expression is equivalent.

Rationalise these denominators.

2 1 V5
a b ——= c —
4+4/3 5-7 8—5
8—2v3 5447 8VE+5
13 9 59
d > e —° 2+V3
V6-1 V2+v11 f 2—V3
V6 +1 2V11-2v2 71 4y3

3

. V6+1 . .
The expression NPk be written as av3 + bv/2. Find a and b.

a=-1,b=2
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DEVELOPMENT
10 Rationalise these denominators.

2 7
a f _— k 4_\/5
V2+3 V7-3 5—/3
6—2V2 —77-21 10v5 + 2V15
7 2 1
2 V7 4+/5
b NG g = |
3+v2 V7-3 5-2v3
6 — 22 —7 37 205 + 815
7 2 13
2 V5 45
3-/2 V5-3 5-3v3
6 +2v2 —5-3v5 —10v5 — 6v15
7 4
7 V5 4/3
d —\/— i o n
3—2 5—/3 5-3v3
3+42 5v5 + V15 —-10vV3 - 18
22
7 2v/5 4/3-2
e =3 j —_ o ——
2-3 5—/3 5-3+3
—2-3 5v5 + V15 —20v/3 - 36 +5v2 + 36

11 2

4 Simplify by forming the lowest common denominator:
1 1

3
V3+1 t V3-1

3
257 2547

a b

V3 67
13
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5

6

7

8

Show that the following expression is rational:

4 1

2+v5 9—45

Simplify the following by rationalising the denominator.

a

542
5-v2

27 +10v2
23

b

1 V3-1
\/§+1+ 4

Simplify the following by rationalising the denominator.

a

avb
cVd

avbd

cd

avb +c

a’bh — c?

b

e

1
a+Vb

1
avb+cVd

(l*\@

a’?—>b

avb — cvd

a’b — c%d

MASTERY

Show these expressions are rational by rationalising the denominator.

a

1 2
3+VE4_V§

b

4 1
2+V2 + 3—-2v2

7

4 x@2-V5) 1 x(9+45)
C24+V5 X (2=v5) 9—4v5 x (9 +4V5)
_8—4/5 9+45
~ T -1 ~81-80
=-17
42 6
V63  7+2
4
1 1
va b
Va \Eibﬁfab
@ b ab
8 6
3—V/7 2/7-5

2
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10

11

Rationalise the denominator of
1

Vn+Vn+1

Hence simplify
1 1 1 1

1+v2 Va+v3 V3+va Vo1 vioo

Expand (x + i)z

Suppose that x = V7 + V6
i Show that x + - = 2V7

Vn+1-—+vn

=(W2-1)+(V3-v2)+ (V4 —V3) + - (V100 — V99)
=-1+100=9

24 7 1
X+ 2+
X

ii Use the result in part a to find the value of x? + xiz

Find the value of V7 — 4v3 x V7 + 43

1 1
(x+7> =x*+2+—
X X

. 1 1
-'-XZ+*,:<X+*> -2
X X

= (2v7) -2

=26

= [(7-4V3)(7+ 4V3)

=49 —48
=1
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12
a Write down the expansion of (a — b)?

a? —2ab + b?

b Use the expansion in part a to square v6 + V11 — v6 — v11.

c Hence evaluate «/6+\/11—\/6—\/11

13 Ifx = 1+J1+\/1+ﬁ...,find the value of x.

Leta =6 ++VILb=+6—-v11

(a—b)? = (6+V11) —2,/6 + V1L |6 — V11 + (6 — V1I1)
=12-2 (6 +V11)(6 - V11)

=12 —-2V36— 11
=12-225
=2

Notice that since this repeats infinitely, we can write as x = Vi+x
Square both sides

x2=1+x

Solve using quadratic formula

_1+45
T

x must be positive as it is a root, so

1445
T

(this number ¢ ~ 1.618 is the golden ratio)
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14

If\/x+\/x2 —4+\/x —Vx%2 — 4 =4, find the value of x.

leta=Vx+Vx2—4,b=+Vx—-Vx2—4
Itis giventhata +b =4

ab:\/(x+\/x2—4)(x—\/x2—4)

S o )
=V4=2

a+b=4

ab =2

Solving simultaneously,
a(d—a)=2

a’—4a+2=0
a=2-+2o0r2++2

You can similarly find values of b:

b=24++2or2—+2

Using values of a:

e+ Va =2 =242

X+x2—4=6+42

Xx+yx?—4=6++32

By equating coefficients, x = 6

x+m=2—\/§

X+x2—4=6-42

x++x2—4=6-+32

No solution.

You can repeat for values of b, the only solutions is again x = 6

Therefore, x = 6
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CHECK YOUR UNDERSTANDING

Surd laws

1 Write in simplest form v/8 x /8

a 64 b 8 c 16 d 64

2 Write in simplest form V8 + V4

a 2 b 2 c 4 d Does not
simplify

3 Write in simplest form v14 + 2

a 2 b 2 c 7 d Does not
simplify

V70
4  Write in simplest form N

a 35 b V2 c 14 d 70
V7 V35

5 Tomsays (V) =vZ5

Katie says (v5) =5

Who is correct?

a Only Tom b  Only Katie c Both d Neither
6  Which option is equivalent to (v5)’?

a 5 b 5v5 c V15 d 25
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Simplifying surds
1 20=2vn What is the value of n?

a 10 b O c 4 d 5

2 VJ75=nV3 What is the value of n?

a b5 b 25 c 9 d 72

3 Simplify V18

a 219 b 92 c 32 d 23
4  Simplify V48

a 16V3 b 412 cC 43 d 212
5 4J3=+n What is the value of n?

a 24 b 12 c 36 d 48
6 5V13=+/n What is the value of n?
a 325 b 845 c 130 d 65

7  Simplify 3+ 5

a 3/5 b 8 c 15 d Can’t simplify

8  Simplify V3 ++/5

a 3.5 b 8 c 415 d Can'’t simplify
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Simplifying surds

1

Tom says V5 + V5 = V10

Katie says V5 + V5 = 2V5
Who is correct?

a Only Tom b  Only Katie c Both d Neither

27 +3V7 =

a 57 b 5v14 ¢ 35 d Can'’t simplify
2\7 =7 =

a 2 b 7 c 1 d Can'’t simplify
Tom says 5v2 — 3v2 = 2v2

Katie says 5v2 — 3v2 = 2

Who is correct?

a Only Tom b  Only Katie c Both d  Neither

27 -5 =

a /9 b 22 c 4 d Can'’t simplify
V12 +75 = 7b What is the value of b?

a 29 b 87 c 3 d 4

5v2 —V8 =cV2 What is the value of ¢?

a 2 b 1 c 3 d 4

2V/5 + 245 = dv/5 What is the value of d?

a 7 b 20 c 8 d 4
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Multiplying surds

1 V7 x+7

a 14 b 49 c 7 d Can’t simplify
2  3x+7

a 37 b 97 c 21 d Can’t simplify
3  2V5x4/10

a 2V50 b 50v2 c 10 d 10v2
4 4J/3x+6

a 418 b 362 c  6V2 d 12V2
5 2V3x5V2

a 10vVe b 75 c  10vV5 d Can'’t simplify
6 2V2x3V8

a 96 b 96 c 24 d 6/16
7  2V/3x2V3

a 6 b 33 c 29 d 2V6
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Dividing surds

1 Simplify %

a 25 b 5 c /25 d 5
2 Simplify123—\/g
a 4/6 b 12v2 cC 42 d Does not
simplify
3 Simplify 15‘5/%
a 36 b 15vV6 c 3v/30 d Does not
simplify

4  Simplify 6v/18 = 22

a 39 b 336 c 9 d 18

5 Tomsays 8+ 2=82£

Katie says 8 + V2 = 42
Who is correct?

a Only Tom b  Only Katie c Both d  Neither
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Distributing surds

1

3(25-1)=a-3 What is the value of a?

a 2V15 b 6/15 5V5 d 65
V5(2v3-5) =b—5V5 What is the value of b?

a 28 b 215 1015 d 30
Expand and simplify 5(v7 + 1)

a 35+6 b V35+5 5V7 +5 d 5V7+6
Expand and simplify 3(v/Z — 5)

a J6-8 b 3v2-15 V6 —15 d 3v2-8
Expand and simplify v5(/5 + 2)

a 5+5V2 b 5+2V5 5+ 5v2 d 25425
Expand and simplify v5(3 + v/5)

a 15++/25 b 8/5 3V5+5 d 15 +5
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Binomial expansion with surds

1 Expand and simplify (v7 — 5)(V7 +5)

a 70-18 b 10V7-18

2 Expand and simplify (9 + \/5)2

a 84++54 b 84+18V3

3 Expand and simplify (V7 — 5)2

a -18-107 b 4

4  Expand and simplify (9 +v3)(9 — V3)

a 81-+6 b 81-2/3

(2]

24 d -18
12 d 84
32 —10V7 d 32
78 d 72
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Rationalising denominator
1 Which of the following i ivalent t i)(ﬁ
ich of the following is equivalent to NeRoWE
a 5V3 b 53 V15 d 53
3 9 V9 V3
2 Which of the following i ivalent t 11><\/g
ich of the following is equivalent to EXE
a 1 b 55 115 d 55
25 25 5 5
2
3 Rationalise the denominator. —
V3
a 2v3 b 2v3 c  2vV3 d 6
9 V3 3 3
: : : N 2
4  Rationalise the denominator and simplify. 7
a 2 b 28 c 4 d Cant
) NG 8 rationalise
5 Rationalise the d inat d simplif ﬁ
ationalise the denominator and simplify. Vet
a 5 b 1 c 1 d 35
5 V5 5 15
6 Rationalise the d inat d simplif V7
ationalise the denominator and simplify. N
a 1 b 1 c 75 d 5
25 V5 35 5
7  Rationalise the d inat 2
ationalise the denominator 210
a 9 b 9Vi0 c 910 d 9
20 10 20 2
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