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Surds and Indices

Lesson 1

A-Level Pure Mathematics : Year 1
GCSE (Grades 8 and 9)

Algebra of Surds and Indices |
1.1 Square Roots without a calculator

Example #1
Without using a calculator, find 2704

[ 3 marks ]

Example #2
The following number is too big for my calculator;

11102 284
Even so, square root this number, writing the answer in index form

[ 2 marks ]



1.2 Two Quick Questions

(1) Without using a calculator, making your method clear, determine,

Vv 3969

[ 3 marks ]

(i) The following number is too big for my calculator;

1738 x 19"
Even so, square root this number, writing the answer in index form

[ 2 marks ]



1.3 Square Free
Any number which is not prime can be written as a unique product of primes.
For example,
120= 22x3x5
Mathematicians talk of théecompositiorof 120 into a product of primes.

There is another decomposition of 120 that is useful. It revolves around
identifying the biggest square number that will divide into 120 exactly.

Reminder: Square Numbers ={ 1, 4, 9, 16, 25, 36, ..... }

As 4 is the biggest square number that divides into 120 we can write,

120 = 4 x 30

Notice that no square number, other than 1, will divide into 30.
Thus 30 is termed square-free or, more succinctliyree.

In summary, our new decomposition takes an integer that iS Rote and
expresses it as a square number multiplied by a square free number.
ie.

NotOFree = O x OFree

Example : Without using a calculator, writ¢ 120 in the forma./p

where aandp are integers
and pisO FREE.

[ 2 marks ]



1.4 Exercise
Any solution based entirely on graphical
or numerical methods is not acceptable
Marks Available : 26
Question 1
Without using a calculator, write each of the following in the far( p
where aandp are integers
and pisO FREE.

(i) V8 (i) V3?
(i) 48 (iv) 98

(v) V28x7 (vi) V2x112

(vii) Vv28x5

[ 7 marks ]



Question 2
Which of the following arél FREE ?

(i) 5 (i) 5 (i )

(iv) 5° (v) 2x3 (Vi)

Question 3

The following number is too big for my calculator;
52 x 7 x 13%°

[ 2 marks ]

Even so, square root this number, writing the answer in in the éoyhp
where aandp are integers, that may be written in index form

and pisO FREE.

Question 4

[ 3 marks ]

Without using a calculator, write each of the following in the fari p

where aandp are integers
and pisO FREE.

(i) 504 (i) 1452



(i) Vv2x3B¥ x5 (iv) V2x3Px1l

[2,3, 2, 3marks ]

Question 5
Without using a calculator, determine the cube root of 1728

i.e %/ 1728

[ 4 marks ]
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1.5 Answers

A-Level Pure Mathematics : Year 1
GCSE (Grades 8 and 9)
Algebra of Surds and Indices |
1.5.1 Solution to 1.1 Example #1)
A division ladder;

=
(98]
a1
N

WwWhNDNN
w
w
(oe]

el

o

Thus;
2704 = 24 X 132 from the division ladder

o A2704 = 24 x 13

1
= (24 X 132)2
= 22 x 13
= 52
[ 3 marks ]
1.5.2 Solution to 1.1 Example #2
1
V11202 1284 = (11102 13784)°
= 11°1 x 13142
[ 2 marks ]
1.5.3 Solution to 1.2 Exercise
(i) 63
[ 3 marks ]
(i) 179x 19%
[ 2 marks ]
1.5.4 Solution to 1.3 Example
V120 = V4 x V30
= 24/ 30

[ 2 marks ]



1.5.5 Solutions to 1.4 Exercise

Answer 1
(i) 8=4x2 (ii)
V8 =2V2 V3?Zx3=3V3
(iii) 48=16x3 (iv) 98=49x2
. \48 =4\3 V98 =72
(v) (vi)
V22 x2x7=2vV14 S V112 x 2 =11V2
(vii )
J28 x5 = 2°V5 = 16V5
[ 7 marks ]
Answer 2
Only (i) and(v)aredd FREE
[ 2 marks ]
Answer 3
V592 % 104 % 7x 13 = 509 x 13" x V7 x 13
[ 3 marks ]
Answer 4
(i) 504 = 36x 14 (i) 1452 =484« 3
- V504 =614 - V1452 = 224/3
(iii ) (iv)
15+/30 9/ 66
[2,3,2,3marks ]
Answer 5
12

[ 4 marks ]
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1.6 Homework

A-Level Pure Mathematics : Year 1
GCSE (Grades 8 and 9)

Algebra of Surds and Indices |
Any solution based entirely on graphical
or numerical methods is not acceptable
Marks Available : 24

Do NOT use a calculator

Question 1

Use the fact thatto5 = 3* x 5to write\/405 in the forma/p

where aandp are integers
and pisO FREE. (And also, in this case, prime)

[ 2 marks ]

Question 2
Write each of the following in the forma/p
where a& p are integers
and p isOFREE. (And also, in these cases, prime)

(i) Va4 (i) 50
(i) V32 (iv) 99
(v) 200 (vi) <162

[ 6 marks ]



Question 3
Find theexact length of the hypotenuse of a right-anghed
of base 7 cm and height 1 cm.

Write your answer in the forna+/p
where aandp are integers
and p isCOFREE. (and also, in this case, prime)

tenuse
HypO J 1cm

/cm

[ 3 marks ]

Question 4
Find theexact length of the hypotenuse of a right angtedf base 6 cm and
height 2 cm.
Write your answer in the forna ./
where a andf are integers
and fisOO FREE. (Notef is not prime)

[ 3 marks ]



Question 5
Find theexact length of the hypotenuse of a right-angtedf base 10 cm and
height 4 cm.
Write your answer in the forna+/p
where aandp are integers
and p isd FREE. (In this cas is prime)

[ 3 marks ]

Question 6
Find theexact length of the hypotenuse of a right-angtedf base 13 cm and
height 9 cm.
Write your answer in the forna+/f
where aandf are integers
and f is O FREE. (Notef is not prime)

[ 3 marks ]



Question 7
Find theexact length of the hypotenuse of a right-angledf base 15 cm and
height 9 cm.
Write your answer in the forna/f
where a andf are integers
and f isd FREE. (Notef is not prime)

[ 4 marks ]

DECLARATION:

l, , being of sound body and brain,
do declare that | have not used a calculator in answering any of these questions.

Nor did | look to the left nor the right, at my neighbours answers.
(which would have been wrong anyway)

Furthermore, | love maths.

Signed:
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1.7 Answers

A-Level Pure Mathematics : Year 1
GCSE (Grades 8 and 9)

Algebra of Surds and Indices |
1.7.1 Solutions (1.6 Homework)

Answer 1
9V5
[ 2 marks ]
Answer 2
(i) 2V1i1 (ii) 5vV2
(i) 4vV2 (iv) 311
(v) 10V2 (vi) 9v2
[ 6 marks ]
Answer 3 Answer 4
5V2 2V10
[ 3,3 marks ]
Answer 5 Answer 6
2V29 5110
[3, 3 marks ]
Answer 7
3V34
[ 4 marks ]
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Lesson 2

A-Level Pure Mathematics : Year 1
GCSE (Grades 8 and 9)

Algebra of Surds and Indices |
2.1 SURD Manipulation

There are benefits in 'using your wits' to try and spot 'short cuts' and ‘clever move
avoid long-winded and pedantic solutions.

However, if you need to put in lots of steps to be certain of getting a question rigr
put them in - it's often quicker to scribble down a few extra lines rather than agon

over a tricky step in your mind.

Also keep in mind that there are often a couple of different methods that could
be employed - use what you are comfortable with, which may differ from what
your neighbour is doing.

Example
Without using a calculator, calculatev25 x 4+/10
Write your answer in the form+/'b

where aandb are integers

and b is as small as possible.

[ 2 marks ]



2.2 Exercise
Any solution based entirely on graphical
or numerical methods is not acceptable
Marks Available : 70

Do NOT use a calculator

Question 1

Calculate each of the following, writing your answers in the farmb
where aandb are integers
and b is as small as possible.

(i) 3V6 x 7v2l

[ 2 marks ]
(ii) 5v14 x 210

[ 2 marks ]
(i) 10V22 x 4v6

[ 2 marks ]

(iv) 3V10 x 455

[ 2 marks ]



Question 2

Simplify:

(i) V12
(iv) +32x5
(vii) V75
(x) 5
Question 3
Simplify:

(i) 5V18

(iv) 3v23x10

V6 x 27

v 8 x 14

24/ 30 x 10

222 x 5% 35

[ 12 marks ]

5V 54

2+ 245

[ 6 marks ]



Question 4

Simplify:
(1) @ (ii) @ (i) —2500
(v) Y52 (v) Y8 (vi) Y
[ 6 marks ]
Question 5
Simplify:
(1) % (ii) —\/5%0 (i) %
[ 3 marks ]
Question 6
Simplify:
(1) V10 (i) V22 (i) V56
V5 V11 V7

[ 3 marks ]



Question 7
Simplify:
(1) 3V75 + 2V12

[ 2 marks ]
(i) 2V18 +V23x5 —+72

[ 2 marks ]
(i) 5+20 +3v45-4+/80

[ 2 marks ]

(iv) 6vV6 —V24 +3V2x3x 72

[ 2 marks ]



Question 8

Simplify:
(i) 5v63 (ii) 74200
(i) 10216 (iv) 290
(v) 11V3x53 (vi) 12V 25x 32
[ 6 marks ]
Question 9

Write each of the following in the forma + b/ ¢ for integera, b andc.
Furthermorec is to be square free.

[ Your answers t®@uestion 8will be helpful... ]

. 18 + 5V 63 . 14 + 7+/200
(i) 3 (i) 14



45 +104/216 . 12 + 24/90
(iit) 15 (iv) 3
30—-11+/ 375 . 36 +12+ 288
(v) 5 (vi) 9

[ 12 marks ]



Question 10
Write in the forma + b+/c wherea, b andc are integers.
Furthermorec, is to bel Free.

(i) 200 + 3v 1000
5

.. —-64 + 16V 88
(II) 32

il ) 2+ 32\/ 156

[ 6 marks ]
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2.3 Answers

A-Level Pure Mathematics : Year 1
GCSE (Grades 8 and 9)

Algebra of Surds and Indices |
2.3.1 Solutions (2.1 Example)

Method 1 : Less Mathematical

2 V15 x 4 410
2xvV3 xV5 x4xV2 x5
2x4x (V5 xV5)xvV3 xy2

=8x5x+v3 xV2
= 40V6
Method 2 : More Mathematical
2 V15 x4 V10
= 8 x v 150
=8xV25x%x6
=8x5xv6
= 406
[ 2 marks ]
2.3.2 Solutions to 2.2 Exercise
Answer 1
(i) 63V 14 (ii) 20V35
(i) 80v33 (iv) 60vV22
[ 8 marks ]
Answer 2
(i) 2V3 (ii) 2vV5 (i) 2v2
(iv) 3V5 (v) 443 (vi) 11V2
(vii) 5v3 (vii) 9V2 (ix) 73
(x) 5V5 (xi) 9vV7 (xii) 4V7
[ 12 marks ]
Answer 3
(i) 15V2 (i) 20V3 (i) 15V6
(iv) 12v5 (v) 207 (vi) 14V5
[ 6 marks ]
Answer 4
(i) Vi1 (ii) V6 (i) 2v2
(iv) 3v3 (v) 3vV2 (vi) 5vV2

[ 6 marks ]



Answer 5

(i)y 7 (i) 10
Answer 6

(i) V2 (i) V2
Answer 7

(i) 19vV3

(i) 10VZ2

(i) 3V5

(iv) 25V6

Answer 8

(i) 15v/7 (i)
(i) 60V6 (iv)
(v) 55v15 (vi)
Answer 9

(i) 6+5V7 (i)
(i) 3+4V6 (iv)
(v) 6-11V15 (vi)
Answer 10

(i) 40+6V10

(i) —-2+V22

(i) 1+3v39

(i) 3

(i) 2vVZ2

70V2
6+/10
1442

1+5vV2
4 + 2410
4+16V2

[ 3 marks ]

[ 3 marks ]

[ 8 marks ]

[ 6 marks ]

[ 12 marks ]

[ 6 marks ]
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Lesson 3

A-Level Pure Mathematics : Year 1
GCSE (Grades 8 and 9)

Algebra of Surds and Indices |
3.1 Rationalising the Denominator #1
Mathematicians' dislike fractions which have a square root in the denominator.
There are standard techniques for manipulating such fractions to remove the
offending square root from the denominator.
This may well result in a square root in the numerator, but this is considered fine

Example:

Rationalise the denominator e?%

[ 1 mark ]

3.2 Exercise
Any solution based entirely on graphical
or numerical methods is not acceptable
Marks Available : 35

Do NOT use a calculator

Question 1

Rationalise the denominators of the following fractions;

(i) % (i) % (iii) 2%@
12 5 : 143

(iv) NEl (v) el (vi) N

(vii) > (viii ) 1 (ix) 15v2
V11 V2 V15

[ 9 marks ]



Question 2
By multiplying both numerator and denominator\bg rationalise the denominator

of >
8V2
[ 1 mark ]
Question 3
Rationalise the denominators of the following fractions, simplifying the result.
. 52 . 48 7
371 N (- 371
. 11 6V3 : 3
V) Ty R e 3 7
N 44 14 . 28
(i) 5ViT (viii) N (ix) 3Vid

[ 9 marks ]



Question 4

3 N 5  9vV2 +10V3

Show that,
ow tha NG 73 5
[ 2 marks ]
Question 5
Simplify, \/% + 4?
[ 2 marks ]
Question 6
7 V3 W2
+ +

Simplify, NG NG 73

[ 3 marks ]



Question 7
A-Level Examination Question from January 2019, C12, Q2 (Edexcel)

Giveny = 2%, express each of the following in termsyof
Write each expression in its simplest form.

( a ) 22x
[ 1 mark]
(b) 2x+3
[ 1 mark]
1
(¢) =3
[ 2 marks ]
Question 8
A-Level Examination Question from June 2018, C12, Q4 (Edexcel)
Given that,
6
y = 6:; , x>0
express each of the following in the forkn" wherek andn are constants.
_1
(a) y?
[ 3 marks ]
2
(b)  (25y)®
[ 2 marks ]

This document is a part ofMathematics Community Outreach Projectinitiated by Shrewsbury School
It may be freely duplicated and distributed, unaltered, for non-profit educational use
In October 2020, Shrewsbury School was votedépendent School of the Year 2020
© 2021 Number Wonder
Teachers may obtain detailed worked solutions to the exercises by email from mhh@shrewsbury.org.uk



3.3 Answers

3.3.1 Solutions (3.1 Introductory Example)

Multiply both numerator and denominator 5

3.3.2 Solutions (3.2 Exercise)

Answer 1

(i) 4v5
(iv) 4v3

(vii) 5V11

Answer 2

5v2
16

Answer 3
. 4/ 13
() 2
11v/3
36

4+/11
5

(iv)

(vii)

Answer 4
proof

(i) 4vV7

5V13
(v) 13
( viii ) %
(ii) —8\5
v 2
(vii) 7V2
Answer 5
V5

A-Level Pure Mathematics : Year 1

GCSE (Grades 8 and 9)

Algebra of Surds and Indices |

43 « V5

V5 V5

4415

5

(i)
(vi)
(ix)
(i)
(vi)
(ix)

(0.84/15)

[ 2 marks ]

[ 9 marks ]

[ 1 mark ]

[ 9 marks ]

Answer 6

[2,2,3 marks ]



Answer 7

(a) ¥

(b) 8

64

(c) 7

Answer 8

(a)

(b)

(25y)

2
3

= 16%*

[ 1 mark]

[ 1 mark ]

[ 2 marks ]

[ 3 marks ]

[ 2 marks ]

This document is a part ofMathematics Community Outreach Projectinitiated by Shrewsbury School

It may be freely duplicated and distributed, unaltered, for non-profit educational use
In October 2020, Shrewsbury School was votedépendent School of the Year 2020
© 2021 Number Wonder

Teachers may obtain detailed worked solutions to the exercises by email from mhh@shrewsbury.org.uk



Lesson 4

A-Level Pure Mathematics : Year 1
GCSE (Grades 8 and 9)

Algebra of Surds and Indices |
4.1 Surds from Quadratics

When solving quadratic equations, the exact answers can be numbers of the forr
X =a+ byvc
A consequence of this is that the arithmetic of such numbers becomes of interest

Example #1
Find the exact solutions of the quadratic equatk?n— 2x—-11 =0

[ 3 marks ]

Example #2
Expand the brackets and simplif¢;7 + 25 )(4 + 3v5 )

[ 3 marks ]

4.2 You Try

Expand the brackets(3 + V7 )(2 + V7 )
Once done, check your answer with mine, over the page.

[ 2 marks ]



4.3 You Try Answer
(3+V7)(2+VT7)

6+3V7 +2V7 + 7
13+ 5V 7

[ 2 marks ]
4.4 Exercise
Any solution based entirely on graphical
or numerical methods is not acceptable
Marks Available : 50

Do NOT use a calculator

Question 1
Expand the brackets and simplify each of the following;

(i) (6+vV2)(3+V2)

(i) (5++v13)(4++13)

(i) (7+3vV2)(5++2)

(iv) (2++v3)(1+5V3)

[ 8 marks ]



Question 2
Find the exact solutions of the quadratic equatk?n— 2x—-1 =0

[ 3 marks ]

Question 3
Expand the brackets and simplify each of the following;

(i) (4+7V3)(5+2V3)

(i) (7+3M§f

(i) (6+v5)(3-2V5)

(iv) (6—5¢§f

[ 12 marks ]



Question 4

Expressy 80 + % in the formc+/ 5 wherec is an integer

[ 2 marks ]

Question 5

Expressyv 50 + /3 x /6 — % in as simple a form as possible.

[ 3 marks ]

Question 6
By using the result “a difference of two squares”, or otherwise, simplify;

(i) (20+3vV7)(20-3V7)

[ 2 marks ]

(i) (11+2v3)(11-2vV3)

[ 2 marks ]



Question 7
Expand the brackets and simplify;
(i) (x+1)(x+2)(x+3)

[ 3 marks ]

(i) (x+2)(x+5)(x-3)

[ 3 marks ]



Question 8
Expand the brackets and simplify;

(i) (1+v5)(2+v5)(3++V5)

[ 4 marks ]

(i) (4+v2)(1+v2)(5-v2)

[ 4 marks ]



Question 9
Expand the brackets and simplify,

(1+4v3)(5+vV3)(2+5V3)

[ 4 marks ]
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4.5 Answers

A-Level Pure Mathematics : Year 1
GCSE (Grades 8 and 9)

Algebra of Surds and Indices |
4.5.1 Solutions to 4.1 Introductory Examples

Example #1
X2 - 2x—11 = 0
. 2422 - 4x1x(-11)
- 2x1
2+ 448
- 2
2+ 2V12
- 2
=1++12
=1+2vV3
[ 3 marks ]
Example #2
(7+2vV5)(4+3V5) =28+21V5 +8V5 +6x%x5
= 58 + 295
[ 3 marks ]
4.5.2 Solutions (4.2 Exercise)
Answer 1
(i) (6+vV2)(3+V2)=18+6v2 +3/2 + 2
=20+ 9V2
[ 2 marks ]
(ii) (5++13)(4++v13) = 20+ 513 + 4V/13 + 13
=33+9v13
[ 2 marks ]
(iii) (7+3V2)(5++v2)=35+7V2 +15V2 + 6
= 41+ 22V2
[ 2 marks ]

2+ 10V3 + V3 + 15
17 + 11V3

(iv) (2++3)(1+5V3)

[ 2 marks ]



Answer 2
x2 -2x-1

0

2422 -4x1x(-1)
2x1
2+ 8

X =

[ 3 marks ]

Answer 3
(i) (4+7V3)(5+2V3) =20+ 8V3 +35V3 + 42
62 + 431/ 3

[ 3 marks ]

(ii) (7+3J§f (7+3V2)(7+3V2)
49 + 21v/2 +21V2 + 18

67 + 42/ 2

[ 3 marks ]
18 — 1245 + 3v/5 - 10

- 8-9v5

(i) (6 ++v5)(3-2V5)

[ 3 marks ]
(iv) (6-5v3) = (6-5v3)(6-5V3)
= 36 - 30V/3 - 30V3 + 75

- 111 - 60V 3
[ 3 marks ]

Answer 4
30 30 V5
V80 + — =V16x5 + — x —
NG X0+ 5 X5
= 45 + 675
= 10V/5

[ 2 marks ]



Answer 5

VBO + V3 x VB - = = 5V2 +3V2 - 7V2

V2
=2
[ 3 marks ]
Answer 6
(i) (20 + 3v7)(20-3V7) = 400 - 607 + 607 — 63
= 337
[ 2 marks ]
(i)  (11+2v3)(11-2v3) = 121 - 224/3 + 223 - 12
= 109
[ 2 marks ]
Answer 7
(i) (x+1) (x+2) (x+3)=(x®+3x+2)(x+3)
=X+ 6xX + 11X+ 6
[ 3 marks ]
(i) (x+2) (x+5) (x=3)=(x%+7+10)(x-3)
= x>+ 4x% - 11x — 30
[ 3 marks ]
Answer 8
(i) (1+v5)(2+v5)(3++v5)=(7+3V5)(3+V5)
= 36 + 1615
[ 4 marks ]
(i) (4+v2)(1++v2)(5-v2)=(6+5V2)(5-v2)
= 20+ 19V2
[ 4 marks ]

Answer 9

(1+4v3)(5+V3)(2+5V3)

(17+21V3)(2 +5V3)

= 349 + 127V/3
[ 4 marks ]
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Lesson 5

A-Level Pure Mathematics : Year 1
GCSE (Grades 8 and 9)

Algebra of Surds and Indices |

5.1 Rationalising the Denominator #2
Two observations, made previously, are these;

Firstly, when solving quadratic equations, numbers of the formb+/c

are often the result. Secondly, it was noted that mathematicians' consider any
occurrence of a square root in a denominator undesirable.

These two observations collide when asked to rationalise the denominator of
an expression of the form

m .
————  —=—wherem, a, b, andc are integersc > 0
a+ bvec

5.2 The Key ldea

The previous tactic of multiplying both numerator and denominator by something
that clears the square root from the denominator is still the correct strategy, but
what might that something be ?

It's not as straight forward as before as the following attempt ysinghows;

m B m x\/?
a+bvec a+bvce NS
myv/ ¢

= —— which still has a square root in the denominator.
avc + bc g

The key idea is to set up a difference of two squares.

The Rationaliser Rule
To rationalise the denominator of

m
herem, a, b, andc are integersc > 0
(azbvec) " niegetse >
multiply both numerator and denominator by
(aFbvc)
Proof
m B m « (a¥byvc)
(axbyvc) (axbyvc) (aFbvc)
_ m(a-bvc)
a a2 — b%c

Which has no square roots in the denominator. O



5.3 Example

. . 21 . o .
Consider the fract|0H5+— which has a square root in its denominator

3V2

(i) Expand the brackets,5 + 3v2 )(5 - 3v2)

[ 2 marks ]

(i) Hence, or otherwise, rationalise the denomlnator—efi

+3V2

[ 3 marks ]

Note the technique of NOT multiplying out the numerator until first cancelling it
against the denominator thus avoiding large number mental arithmetic.




5.2 Exercise
Any solution based entirely on graphical
or numerical methods is not acceptable
Marks Available : 45

Do NOT use a calculator

Question 1
This question is about rationalising the denominator of
12
3+4+V5

Step 1 :Expand the brackets(:3 + v/5 )(3 - v/5)

[ 2 marks ]

Step 2: Multiply both numerator and denominator by — 3/5
That is, calculate and simplify,

12 y (3-+v5)
(3++V5) (3-+V5)

[ 3 marks ]



Question 2
This question is about rationalising the denominator of
132
9+4vV3

Step 1 :Expand the brackets (9 + 4v/3)(9 — 4v3)

[ 2 marks ]
Step 2 :Multiply both numerator and denominator By— 4/ 3
That is, calculate and simplify,
132 . (9~ 4/3)
(9 +4vV3) (9 -4V3)
[ 3 marks ]

Question 3

) . . 6
Rationalise the denominator of————
2+ V2

[ 4 marks ]



Question 4
This question is about rationalising the denominator of
60
7+ 3vV5

Step 1 :Expand the brackets(:7 + 3v'5 )(7 - 3V'5 )

[ 2 marks ]

Step 2 :Multiply both numerator and denominator By— 3v'5

[ 3 marks ]

Question 5
Rationalise the denominator, writing your answer in the farmb/c
VT
8-3V7

[ 4 marks ]



Question 6

2
(i)  Expand the brackets (7 + 4v3)

[ 2 marks ]
(i)  Expand the brackets(:7 + 4v3)(7 — 4V 3)
[ 2 marks ]
(i) Hence, rationalise the denominator M
7 -4V3
[ 2 marks ]

Question 7
GCSE Examination Question, June 2018, Q21 (b)

Express in the form p + /g wherep andq are integers

2
V3 -1

Show your working clearly.

[ 2 marks ]



Question 8

onali , V3 + V2
Rationalise the denominator off =—————
V3 - V2
[ 4 marks ]
Question 9
Rationalise the denominator efM
7+ 2V 11

Write your answer in the formay/5 +b+/55

[ 5 marks ]



Question 10

) . . 46
Rationalise the denominator ef

5V2 + 3V3

Write your answer in the formay/2 +b+/3

[ 5 marks ]
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5.3 Answers

A-Level Pure Mathematics : Year 1
GCSE (Grades 8 and 9)

Algebra of Surds and Indices |
5.3.1 Solution to 5.1 Introductory Example

Step 1:
(5+3V2)(5-3vV2)=25-15V2 + 15V2 - 18
=7
[ 2 marks ]
Step 2.
21 B 21 « (5-3V2)
(5+3vV2)  (5+3v2) (5-3vV2)
_21(5-3V2)
- 7
=3(5-3V2)
= 15-9vV2
[ 3 marks ]
5.3.2 Solutions to 5.2 Exercise
Answer 1
Step1:
(3+v5)(3-+v5)=9-3V5 +3/5 -5
=4
[ 2 marks ]
Step 2:
12 _ 12 y (3-+V5)
(3+v5)  (3+v5) = (3-v5)
_ 12(3-+V5)
- 4
= 3(3-V5)
= 9-3v5

[ 3 marks ]



Answer
Step 1:

Step 2:

Answer

Answer
Step 1:

Step 2:

2

(9+4v3)(9-4vV3)

132

81 - 36v3 + 36V3 - 48
= 33

132 (9-4v3)

(9+4vV3)

3

(9+4¢§)X(9—4¢§)

132(9 - 4V3)
33

4(9 - 4V3)
36 — 163

2+V2

4

(7+3V5)(7-3V5)

oo
o w
—
)
w
S
N
SN—"

49 — 215 + 215 — 45

=4
60 B 60 ><(7—3\/3)
(7+3v5) (7+3vV5) = (7-3V5)
_ 60(7-3V5)
4
= 15(7 - 3V5)
= 105- 45V5

[ 2 marks ]

[ 3 marks ]

[ 4 marks ]

[ 2 marks ]

[ 3 marks ]



Answer 5
Step 1:

(8+3V7)(8-3V7)=164-24\7 +24V7 - 63

=1
Step 2:
VT _ VT y (8 + 3V7)
(8-3v7) (8-3V7) (8 +3V7)
V7 (8+3V7)
- 1
=21+ 8V7
Answer 6

(i) (7+4V3)(7+4vV3)=149+28V3 +28V3 + 48

97 + 5643

(i) (7+4v3)(7-4v3)=149-28V3 + 283 - 48

=1

(7+4V3)  (7+4V3) (7+ 4V3)

X

W TV T T ave) < (7 avs)
= 97 + 56V 3
Answer 7
2 _ 2 . (V3 +1)
(V3-1)  (v3-1) (V3 +1)
_2(V3 +1)
B 2
=3 +1
Answer 8

(V3+vZ) _ (V3+VZ) (VB +V2)
(V3-v2) - (V3-v2) * (V3 +v2)

3+vV6 +vV6 +2
1

5+ 26

[ 4 marks ]

[ 2 marks ]

[ 2 marks ]

[ 2 marks ]

[ 2 marks ]

[ 4 marks ]



Answer 9

100v'5 1005 (7-2v11)
(7+2v11)  (7+2viL) ~ (7-2v1il)

100v/5 (7 — 2V11)
49 — 1411 + 14V11 - 44

20V/5 (7-2v11)
140V 5 — 404/ 55

[ 5 marks ]

Answer 10
46 46 (5vV2 - 3V3)

(5v2 +3v3) ~ (5v2 +3v3) * (5vZ —3v3)

46(5vV2 - 3V3)
50 — 15v/6 + 15V6 - 27
46(5vV2 - 3v3)

50 — 27
46(5vV2 - 3v3)

23

2(5v2 - 3v3)

10v2 - 64/3)

[ 5 marks ]
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Lesson 6

A-Level Pure Mathematics : Year 1
GCSE (Grades 8 and 9)

Algebra of Surds and Indices |
6.1 Surd arithmetic work-out

Example
Show how to calculate 215 x 4+/10 without using a calculator.
Write your answer in the fornrmy/b wherea and b are integers anlis [ free.

[ 2 marks ]

6.2 Exercise
Any solution based entirely on graphical
or numerical methods is not acceptable
Marks Available : 50

Do NOT use a calculator
Question 1
Show how to calculate each of the following without using a calculator.
Write your answers in the forrm\/b wherea andb are integers anblis O free.

(i) 5V6 x11v21 (ii) 5V14 x 3V/10
(i) 10V22 x 4V6 (iv) 3V10 x 4vV55

[ 8 marks ]



Question 2
Show how to rationalise the denominator of the following without using a calculat
However, check your answer is correct by using a calculator.

. 3 . 3
(i) >v3 (i) Vs
21 . 18
(i) N (iv) V3
[ 8 marks ]
Question 3

Show how to rationalise the denominator of the following without using a calculat
However, check your answer is correct by using a calculator.

) 1 . 1
() 5= ) 5 ve

[ 3,3 marks ]



Question 4

(1) Write 252 as a product of primes.
You may use the factorise button on your calculator, marked FACT

[ 1 mark ]

(i) If V252 = xv 7 deduce the value of the integer

[ 2 marks ]
Question 5
(1) Write 882 as a product of primes.
You may use the factorise button on your calculator, marked FACT

[ 1 mark ]

(ii) If V882 = yv2 deduce the value of the integer

[ 2 marks ]

Question 6
Combine your answers from questions 4 and 5 to deteryii282 x /882

[ 2 marks ]



Question 7
Show how to rationalise the denominator of the following without using a calculat
However, check your answer is correct by using a calculator.

. 3
N
[ 4 marks ]
(i) 7\/7
3vV2 -1

[ 4 marks ]



Question 8
(1) Write 2541 as a product of primes
You may use the factorise button on your calculator

[ 1 mark ]
(ii) Write 3024 as a product of primes
You may use the factorise button on your calculator
[ 1 mark ]
(iit)  Show how to combine your answers to péitsand(ii ) to
determine the value ofy 2541 + v/ 3024
[ 2 marks ]
Question 9
(1) Write 3146 as a product of primes
You may use the factorise button on your calculator
[ 1 mark ]
(i) Write 936 as a product of primes
You may use the factorise button on your calculator
[ 1 mark ]

(iii)  Show how to combine your answers to pé&itsand(ii ) to
determine the value of/ 3146 — v 936

[ 2 marks ]



Question 10
Write in the forma + b+/c wherea, b andc are integers.
Show clear working that demonstrates that you did not use a calculator.

75+ 3+ 6000
5

a+b

HNT: 2P _a b
C C C

[ 4 marks ]
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6.3 Answers

A-Level Pure Mathematics : Year 1
GCSE (Grades 8 and 9)
Algebra of Surds and Indices |
6.3.1 Solutions (6.1 Introductory Example)

2415 x 44/10 = 2/3 V5 4V2 V5
= 40V6

[ 2 marks ]
6.3.2 Solutions (6.2 Exercise)
Answer 1
(i) 165V 14 (i) 30V 35
(i) 80433 (iv) 60v22

[ 8 marks ]
Answer 2

: V3 . 3vV5

() = (i) >
(iii) 3V7 (iv) —61/1?

[ 8 marks ]
Answer 3
(i) 2+vV3 (i) @

[3, 3 marks |
Answer 4 Answer 5
(i) 252= 22327 (i) 882=237
(i) 647 Thatis,x=6 (ii) 212 Thatis, y=21
[3, 3 marks ]

Answer 6
126v 14

[ 2 marks ]
Answer 7

6vV5 -3 6+ V2

(1) 19 17
[4, 4 marks ]



Answer 8

(i) 2541 = 3711°
(i) 3024= 2337
(i) 23v21

Answer 9

(i) 3146 = 211213
(i) 936= 233213
(i) 5v26

Answer 10
15+ 12/ 15

SV 2541 = 11V 21
V3024 = 12V 21

ooV 3146 = 11+ 26

~ V936 = 6V 26

[1,1, 2marks ]

[1,1, 2marks ]

[ 4 marks ]
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Lesson 7

A-Level Pure Mathematics : Year 1
GCSE (Grades 8 and 9)

Algebra of Surds and Indices |

7.1 Index Manipulations

7.2 Introductory Examples
Without using a calculator, write down the values of

(i) 25% (i) 27%  (ii) 3% (v) 4

Nlw
|
N

. -3 .. 1 3 , -1 0
(vi) 100 2 (vii) 814 (viii) 814 (ix) 81 2 (x) 81
[ 5 marks ]
7.3 Examples Of Tricky Index Questions
Example #1
Given that 8113 = 3 find the value of the real valued constant
[ 2 marks ]

Example #2

2
Simplify (27x%?)?

[ 2 marks ]



Example #3
Without using a calculator, and making your method clear, find the square root of

2P x 3 x5
Writing your answer in the form\/b wherea and b are integers antis [ free.

[ 3 marks ]
Example #4
-3
3x2
Simplify, ( )
4y
[ 3 marks ]
7.4 Exercise
Any solution based entirely on graphical
or numerical methods is not acceptable
Marks Available : 45
Do NOT use a calculator
Question 1
Simplify, (2h)°
[ 2 marks ]
Question 2

Simplify, (8x3¢§)2

[ 3 marks ]



Question 3

3
3n?
simoiy, 27 |
implify =
[ 3 marks ]
Question 4
-1
a
Simplify, (—)
plity, | 5
[ 1 mark]
Question 5
-2
. 3VX
Simplify,
Py ( 45 )
[ 3 marks ]
Question 6
Without using a calculator, and making your method clear, find the square root of

2" x 3x 5
Writing your answer in the forrma\/b wherea and b are integers anllis [ free.

[ 3 marks ]

Question 7
Given that,8v/2 = 2?2 find the value of the real constamt

[ 2 marks ]
Question 8

3
Simplify, (25x2)?

[ 2 marks ]



Question 9
GCSE Examination Question, May 2016, Paper 3H, Q7 (d)

T 28x5y3
Simplify fully,
implify fully Xy
[ 3 marks ]
Question 10
GCSE Examination Question, January 2017, Paper 4H, Q16
g=22x3x7 h=2x3x7
(a) Expresgh as a product of powers of its prime factors
Simplify your answer
[ 2 marks ]
(b) Find the value o, the value ob and the value af given that,
9 _ Py
h
[ 3 marks ]
(c) Showthat,(7-2v5) (7+2V5) = 29
Show your working clearly.
[ 3 marks ]
. 1 n
d Work out the exact value of given that,=—— = 3
(d) g T

[ 3 marks ]



Question 11
GCSE Examination Question, June 2016, Paper 4H, Q15 (b)

1
Simplify, (8a%€%)?

Question 12
GCSE Examination Question, May 2019, Paper 1H, Q10

A=2"x3x5"
Write 8A as a product of powers of its prime factors.

Question 13
GCSE Examination Question, May 2019, Paper 1H, Q12(c)
Write the following in the forny? whereb is a fraction

¥y

Write T in the formyb wherebis a fraction

Question 14

GCSE Examination Question, January 2017, Paper 3H(R), Q11 (c)

Simplify,

% )

8xby8

Question 15

GCSE Examination Question, January 2017, Paper 3H(R), Q18
Given thatp is a prime number, rationalise the denominator of

7 -
5

Simplify your answer.

[ 2 marks ]

[ 2 marks ]

[ 2 marks ]

[ 3 marks ]

[ 3 marks ]



Question 16
GCSE Examination Question, January 2017, Paper 4H(R), Q20

(a) (3++vc) (2vc -3) =1+ kyc wherecandk are prime numbers.
Find the value o and the value df.

[ 3 marks ]

(b)

Find the value om.

[ 3 marks ]
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7.5 Answers

A-Level Pure Mathematics : Year 1
GCSE (Grades 8 and 9)

Algebra of Surds and Indices |
7.5.1 Solutions (7.2 Introductory Examples)

1 1
i 5 ii 3 iii — \Y 8 v —
(i) (i) (i) 5 () (v) 3
(vi) 1 (vii) 3 (wviii) 27 (ix) L (x) 1
1000 9
[ 5 marks ]
7.5.2 Solutions to 7.3 Examples of Tricky Index Questions
Answer to Example #1
81V3 = 3
1
F?x32 =3
34.5 _ 22
a=45
[ 2 marks ]
Answer to Example #2
12\% 2 1215
(27x ) = 273 x(x )
= 98
[ 2 marks ]
Answer to Example #3
PxF x5t xF x5 x2x3
VB x B x5 = 2 x 3 x52 xyV2x3
=2 xFx5xV6
=4x9%x5x+6
= 180V 6
[ 3 marks ]

Answer to Example #4

[ 3 marks ]



7.5.3 Solutions (7.4 Exercise)

Answer 1 Answer 2 Answer 3 Answer 4
6
3 6 27m b
8h 64 = ad
Xy 125n3 a
[2,3,3,1marks ]
Answer 5
_ 2
( 3vX ) 2 ( 4y )
4yP 3V
B 16y10
T Ox
[ 3 marks ]
Answer 6
27><3><54:26><54><2x3
V2T x3x5% = 26x5 xvV2x3
= 2 x52x\V6
= 8x25x 6
= 200V 6
[ 3 marks ]
Answer 7
8v2 = 22
1
2P %27 = 22
23.5 _ 2a
a=35
[ 2 marks ]
Answer 8
12\3 3 12\3
(25x ) = 252 x(x )
— 125x'8
[ 2 marks ]
Answer 9
5
28x°y3 _ iy

ax y2
[ 3 marks ]



Answer 10

(a)

(b)

(c) LHS

(d)

Answer 11

Answer 12

Answer 13

gh:24><32><75

[ 2 marks ]
=22 xPx7?
a=2 b =0, c=-1
[ 3 marks ]
=(7-2v5)(7+2V5)
= 49 + 14V5 - 14/5 - 2x 2 x V5 x V5
= 49 - 20
=29
= RHS U
[ 3 marks ]
1 n
- -3
i
_1
94) 3 :3n
1
P)° =3
33
8
n=-—
3
[ 3 marks ]
%
(8a9e6) = 2a%¢°
[ 2 marks ]
8A=8x2"x3x5"
=2 x2"x3x5"
= "3 x3x 5"
[ 2 marks ]
Wy _j-1
y
_3
:y 4

[ 2 marks ]



Answer 14

Il
—_
(00]
x@
SN—"
W=

= 2X7y
[ 3 marks ]
Answer 15
If you were going to differentiate you'd do the following first,
1
7Jp - P _7p* ﬁ
w T E P
_ 1
=7p " —-p°
_ 15
p
Which is by far the most elegant answer,
Other equivalent answers are likely.
[ 3 marks ]
Answer 16
(a) (3++vc)(2Vec -3) =1+kvVc
6vVc +2c-9-3vc = 1+kyvc
2c-9+3vVc =1+kVc
Matching integers,2c — 9 = 1
2c = 10
c=5
Matching coefficients of/c, k = 3
[ 3 marks ]
1
(b) P ———=
px 3 p?
1
= 2
px p3
_5 5
=p 3 - _ >
Y m 3
[ 3 marks ]
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Lesson 8

A-Level Pure Mathematics : Year 1
GCSE (Grades 8 and 9)

Algebra of Surds and Indices |

8.1 Revision
Any solution based entirely on graphical
or numerical methods is not acceptable
Marks Available : 56
Do NOT use a calculator
Question 1

GCSE Examination Question, June 2016, Paper 4H, Q5
(a)  Simplify m®> x n?

[ 1 mark]
ot
[ 1 mark ]
3

(c) Simplify (a°)

[ 1 mark ]
(d) Expand and simplify4(2x + 3) + 2(x + 5)

[ 2 marks ]
Question 2
A-Level Examination Question from June 2009, C1, Q1 (Edexcel)
(a) Simplify
2
(3v7)
[ 1 mark ]

(b)  Showing the non-calculator method used, simplify

(8+V5)(2-+V5)

[ 3 marks ]



Question 3
A-Level Examination Question from January 2007, C1, Q2 (Edexcel)

(a)  Show how to express 108 in the formay/3, whereais an integer,
without the use of a calculator.

[ 1 mark ]

2
(b)  Show how to expres62 — /3 ) inthe formb + ¢/ 3, whereb and
c are integers to be found, without the use of a calculator.

[ 3 marks ]
Question 4
Evaluate each of the following without the use of a calculator.
Write your answers in the forrmy/b wherea and b are integers anldis [ free.

(i) 5v2I x V45 (i) 2V70 x V90

[ 4 marks ]



Question 5
A-Level Examination Question from May 2014, C1, Q2 (Edexcel)

1
(a)  Write down the value 082>

(51N

(b)  Simplify fully, (32x°)

Question 6
(1) Write 726 as a product of primes.
You may use the factorise button on your calculator.

(i) If V726 = vV6 find v

Question 7
(1) Write 1350 as a product of primes
You may use the factorise button on your calculator

(i) If V1350 = w6 find w

Question 8

[ 1 mark]

[ 3 marks ]

[ 1 mark ]

[ 1 mark ]

[ 1 mark ]

[ 1 mark ]

Using your answers from questions 6 and 7, or otherwise \fi@d6 + +/ 1350

[ 1 mark ]



Question 9
A-Level Examination Question from May 2006, C1, Q6 (Edexcel)
(a) Demonstrate how to expand and simplify without the use of a calculator

(4+vV3) (4-V3)

[ 2 marks ]

(b) Making a non-calculator method clear, express
26
4 ++3
in the forma + b/ 3, wherea andb are integers.

[ 2 marks ]
Question 10
GCSE Examination Question, June 2016, Q19 edited
Simplify,

(7+2v50) (5-2v2)

Give your answer in the forma + b+/2, wherea andb are integers.
Show your working clearly.

[ 3 marks ]



Question 11

o . 1++V3
Rationalise the denominato
2 -3
[ 4 marks ]
Question 12
A-Level Examination Question from June 2009, C1, Q2 (Edexcel)
Given that
322 = 22
find the value of.
[ 3 marks ]
Question 13
Without using a calculator, and making your method clear, find the square root of
2" x # x5

Writing your answer in the forrma\/b wherea and b are integers anllis [ free.

[ 3 marks ]



Question 14
A-Level Examination Question from January 2012, C1, Q2 (Edexcel)
(a)  Without using a calculator, show how to simplify

V32 ++418

giving your answer in the forna+/ 2, wherea is an integer.

[ 2 marks ]
(b) Simplify
V32 + /18
3+vV2
giving your answer in the fornb+/2 + ¢, whereb andc are integers.
Show full working.

[ 4 marks ]

Question 15
GCSE Examination Question, January 2016, Paper 3H, Q4 (d)
Simplify fully

36 k3 n*

30k m

[ 2 marks ]



Question 16
GCSE Examination Question, January 2016, Paper 4H, Q17 (a)

Simplify
1
896 3
f12
[ 2 marks ]
Question 17
GCSE Examination Question from January 2016, Paper 4H, Q25
y = 16 x 107 wherek is an integer
5
Find an expression, in termslofory 4
Give your answer in standard form.
[ 3 marks ]
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8.2 Brief Solutions

A-Level Pure Mathematics : Year 1
GCSE (Grades 8 and 9)

Algebra of Surds and Indices |
Answer 1

(a) m (b)) & (c) a® (d) 10x+ 22
[1,1,1,2marks ]

Answer 2
(a) 63 (b) 11-6V5
[1, 3 marks ]
Answer 3
(a) 6v3 (b) 7-4V3
[1, 3 marks ]
Answer 4
(1) 15105 (i) 60V 7
[2, 2 marks ]
Answer 5
(a) 2 (b) 025x 2
[1, 3 marks ]
Answer 6 Answer 7
(i) 726 = 23112 (i) 1350 = 23°5°
(i) 116 iewv=11 (ii) 15V6 ie.w=15
[ 2, 2 marks ]
Answer 8
26V6
[ 1 mark ]
Answer 9
(a) 13 (b) 8-2vV3
[ 2, 2 marks ]
Answer 10
-5+36V2  Unedited question wanted -5 +\128 which is silly !
[ 3 marks ]
Answer 11
5+ 3V3
[ 4 marks ]
Answer 12
11
2
[ 3 marks ]
Answer 13
120v/10

[ 3 marks ]



Answer 14

(a) 7v2 (b)

Answer 15

6m
5k2

Answer 16

2¢

f4

Answer 17
32 x 10tK+1

3WV2 -2

[ 2, 4 marks ]

[ 2 marks ]

[ 2 marks ]

[ 3 marks ]
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Lesson 9

A-Level Pure Mathematics : Year 1
GCSE (Grades 8 and 9)

Algebra of Surds and Indices |

9.1 TEST
Any solution based entirely on graphical
or numerical methods is not acceptable
Marks Available : 71
Do NOT use a calculator
Question 1

GCSE Examination Question from June 2017, Paper 4H, Q10
(a)  Simplify, € x &

[ 1 mark]
10
(b)  Simplify fully, %
[ 2 marks ]
(c) Write down the value ofn’
[ 1 mark ]
613
(d)  Simplify fully, (27x°)
[ 2 marks ]
Question 2
2
Simplify, (3v7)
[ 1 mark ]

Question 3
A-Level Examination Question from January 2009, C1, Q3 (Edexcel)
Showing the non-calculator method used, expand and simplify

(V7 +2) (V7 - 2)

[ 2 marks ]



Question 4
A-Level Examination Question from May 2007, C1, Q1 (Edexcel)
Demonstrate how to simplify without using a calculator,

(3+\/€)(3—\/€)

[ 2 marks ]

Question 5
A-Level Examination Question from January 2010, C1, Q2 (Edexcel)
(a) Expand and simplify,

(7++5) (3-+5)

[ 3 marks ]
(b) Making your non-calculator method clear, express

7++V5
3++V5

in the forma + b/ 5, wherea andb are integers.

[ 3 marks ]



Question 6
Evaluate each of the following without the use of a calculator.
Write your answers in the forrmy/b wherea and b are integers anldis O free.

(i) 3V15 x7V10 (i) 3V5 x7 x2y5x 7?
[ 4 marks ]
Question 7

(1) Write 980 as a product of primes.
You may use the factorise button on your calculator.

[ 1 mark ]
(i) If v980 = mvy5 find m

[ 1 mark ]
Question 8
(1) Write 1125 as a product of primes

You may use the factorise button on your calculator

[ 1 mark ]
(i) If V1125 = ny/5 find n

[ 1 mark]

Question 9
Using your answers from questions 7 and 8, or otherwise \fiB80 + /1125

[ 1 mark]



Question 10
A-Level Examination Question from January 2008, C1, Q2 (Edexcel)
(a)  Write down the value of

EN'

16

[ 1 mark ]
(b)  Simplify

IN®)

(16x*?)

[ 2 marks ]

Question 11
A-level Examination Question from May 2013, C1, Q1 (Edexcel)
Simplify

7+\V5

V5 -1
giving your answer in the forna + b+/5, wherea andb are integers.
Show full working.

[ 4 marks ]



Question 12
Making your non-calculator method clear, rationalise the denominator and simpli

() 12 (i) 14V3
V6 5V7
[ 4 marks ]
Question 13
Given that64v/2 = 2%find the value of the constaat
[ 3 marks ]
Question 14
Without using a calculator, and making your method clear, find the square root of

2 x 3B x 52
Writing your answer in the forrm\/b wherea and b are integers anllis [ free.

[ 3 marks ]



Question 15

A-Level Examination Question from May 2010, C1, Q1 (edited) (Edexcel)

Making your method clear, write

V75 - 27

in the form k+/x, wherek andx are integers.

Question 16
A-level C1 Examination Question, May 2012, Q3 (edited)
Giving detail of your reasoning, show that

2

Viz -8

can be written in the form/a + /b wherea andb are integers

[ 2 marks ]

[ 5 marks ]



Question 17
GCSE Examination Question from January 2018, 3H, Q20
(a) 50 ++128 — /200 = n\v/2  wherenis an integer

Find the value on
Show each stage of your working.

[ 2 marks ]

Given thata is a prime number,
(b)  simplify
5vVa + a
10va

Give your answer in the forrr + y+/a wherex andy are fractions.
Show your working clearly.

[ 2 marks ]



Question 18
A-level Examination Question from May 2013, C1, Q3 (Edexcel)

5
(a) Find the value ofg3

[ 2 marks ]
b lify full (2] I
Simoli ’

(b)  Simplify fully, =

[ 3 marks ]
Question 19
A-Level Examination Question from May 2014, Q6
(a)  Write\/80 in the formcy/5, wherecis a positive constant.

[ 1 mark ]

A rectangleR has a length of 1 + v/5 ) cm and an area of 80 cn?

(b)  Calculate the width dRin cm.

Express your answer in the form+ qv/5, wherep andq are
integers to be found.

[ 4 marks ]



Question 20
A-Level Examination Question from May 2016, C1, Q3 (edited) (Edexcel)

(a) Showing the reasons why, simplify,

V50 - V18

giving your answer in the forna\/2 wherea is an integer

[ 2 marks ]
(b) Hence, or otherwise, simplify
123
V50 — V18
giving your answer in the fortmy/c, whereb andc are integers anil 1
Show full working.

[ 3 marks ]



Question 21
A-Level Examination Question from May 2016, C1, Q2 (Edexcel)

Express9>* 1 in the form 3 givingy in the formax + b

wherea andb are constants.

[ 2 marks ]
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9.2 Answers

A-Level Pure Mathematics : Year 1
GCSE (Grades 8 and 9)
Algebra of Surds and Indices |
The test has 71 marks available

Answer 1
(a) € (b) 4¢® (c) 1 (d) 9xX
[1,2,1, 2 marks ]
Answer 2
63
[ 1 mark ]

Answer 3
(Question states “Showing non-calculator method used”)

(V7 +2) (V7 - 2)=7+2V7 -2V7 - 4

=3
[ 2 marks ]

Answer 4
(Question states “Demonstrate how to simplify without using a calculator”)

(3+v5)(3++5)=9+3V5 -3V5 -5

=4
[ 2 marks ]
Answer 5
(a) Must expand, then simplify,
(7++V5) (3-+v5)=21+3V5 -7/5 -5
= 16 — 45
[ 3 marks ]
(b) Must make non-calculator method clear,
7+V5  3-W5 _ 16 — 4V5
3+V5 ~ 3-V5 9+3V5-3V5 -5
_ 4(4-V5)
- 4
=4-+5

[ 3 marks ]



Answer 6
Must demonstrate a non-calculator method

(i) 3V15 x7v/10 =3x V3 x+vV5 x7x+v2 x5
=3x5x7xV2 x+V3

= 1056
[ 2 marks ]
(i) B8VEx7x2Vy5x7 =3x5x+vV7 x2x+V5 x7
= 210V 35
[ 2 marks ]
Answer 7
(i) 980=2%x5x 7
[ 1 mark ]
(i) v/980 = 22 x 5x 72
=2x+5 x7
= 145
.. m=14
[ 1 mark ]
Answer 8
(i) 1125= F x 5°
[ 1 mark]
(i) V1125 = /32 x 53
= V¥ x5 x5
=3x5x+vV5
= 15\5
n=15
[ 1 mark ]
Answer 9
/980 + /1125 = 14+/5 + 15V5
= 295
[ 1 mark ]
Answer 10
(a) 2 (b) 8x°

[1, 2 marks ]



Answer 11

7+\/§x\/§+1 7V5 +5+ 7+ 5
V5 -1 45 4+1  5-+5++5 -1

_ 12 + 8V5
B 4
_ 4(3+2V5)
B 4
=3+ 25
[ 4 marks ]
Answer 12
Must make non-calculator method clear...
(i) 12 V6 _ 12V6
v6 = v6 6
= 2V6
[ 2 marks ]
(i) 14V3 V7 _ 14v21
5V7 V7~ 5x7
_2v21
- 35
[ 2 marks ]
Answer 13
642 = 22
1
26 x 22 = 22
26.5 _ 2a
a =65
[ 3 marks ]
Answer 14
Must make non-calculator method clear...
V2T x B x 52 = 26 x2x 32x 3x 52
= 2% V2 x3xV3 x5
= 120V 6
[ 3 marks ]
Answer 15
V75 — V27 =vV25x3 —4v/9x 3
= 5vV3 - 3V3
= 2V/3

[ 2 marks ]



Answer 16
2 2
V12 -8  V4x3 -+vVix 2
2
23 - 2v2
1 V3 +4V2
V3-V2 V3 V2
V3 +V2
3-V3V2 +V3V2 -2

V3 +V2

[ 5 marks ]

Answer 17

(a) 50 + 128 —+/200

V25x 2 +vV64x 2 —+/100x 2
5v2 +8vV2 —10V2
3vV2

[ 2 marks ]

(b) 5\/3+ax\/3:5a+a\/3
10vVa va 10a
a(5++va)
10a
5++vVa
10
1 1

— + —Va
2 10\/_

~x=05andy =01

[ 2 marks ]

Answer 18

(a) 32 (b) 2x9°
[2,3 marks ]

Answer 19

(a) V80 =V16x 5
= 45
c=4

[ 1 mark ]



AreaR =
V80 =

(b)

W =

Answer 20

(a)

12/3

| x w

(1+V5)xw

\/80 (1-+v5)
(1+v5) ~ (1-v5)
445 (1 -+5)
1-v5++v5 -5
45 - 20
e o=
-4(5-+5)

—4

5-+5

[ 4 marks ]

V50 — /18

V25 x 2 —+/9x 2
5v2 —3V2
2V2

L a=2

[ 2 marks ]

12/3

(b)

Answer 21

V50 - /18

2\ 2

12v3 V2
oz V2

12+/6

3V6

[ 3 marks ]

<
Il

[ 2 marks ]
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