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Rationalising the Denominator

Things to remember:

1 To rationalise the denominator, find an equivalent fraction where the denominator is rational
1 Multiply the numerator and denominator by the surd that is a factor of the denominator
§ For a denominator in the form ¢ ¢ multiply the numerator and denominator by & ¥

Questions:

1. a) Expand and simplify ¢ ullo ¢ ulo

»(!2 +5r3

2 | 4 yio§3

_s(3|-10§3  -7S

//////////

2)
b) Rationalise the denominator Tvl
(1+6Dx _ S3+56
253 5% 6
Jz +5e
,,,,,, S
céeéeéeéeéeéeé
(2)

(Total 4 marks)

Z
2. Rationalise and simplify ol

Give your answer in the form & ¢/l where dand are integers.

(Ss-IS-0) _ 5-JS-7208+7 _ 12-%3

(63« (XIS 1) > “

(Total 3 marks)
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n —
3. Show that a can be writtenast Vo

(’5+?ﬁ>(2“ﬁ3 _1o-SSz4d3-¢
(’2+f3>(2~—5/35-> &4 -3

(Total 3 marks)

N ) L —
4. Show that o can be written as Vo

(3G (5-58) _ afi—a+a-30% - o

(3+ 30353 a-3 ©
éééééé\g‘%éééééé
(Total 3 marks)
. n
5. Show that — can be written as —
n
\ s 2
N5 (;‘ _ Jr T T
( \
(fz*ﬁ)(?}'fﬂ — —lxl-2
- _t . _3
§z 2
_ 2
>t
:g_ ééééé—Sé‘g cebéeé
G (Total 3 marks)
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6.

Show that —— can be written as ¢ o
=
= 2 213
\ngiz - BT R :Z’ZB;,-?_‘_
(ﬁ*‘)(ﬁ"> o 3 s
I OLKTSR
- -6 L 643 _ —bJ3 ¥+ B
213 b

(Total 3 marks)

The area of a rectangle Vip ¢ om?

The length of the rectangleis ¢ v cm
Calculate the width of the rectangle.

Express your answer in the form ¢ c¥lu where dand ®are integers.
si3(2-55)  _1ofs - 25 2S —10J<
<2 P EY2-535) 4 -5

N A=A (S

(Total 4 marks)
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Algebraic Proof

Things to remember:

1 Start by expanding the brackets, then factorise.
1 Remember the following:

0o ¢& A even number

0 ¢¢ pA oddnumber

0 ®wé ® A multiple of &

o Consecutive numbers are numbers that appear one after the other.

Questions:

1.

In a list of three consecutive positive integers, at least one of the numbers is even and one
of the numbers is a multiple of 3

¢ is a positive integer greater than 1

Prove that¢ ¢ is a multiple of 6 for all possible values of ¢

(\1/ A = N (hz’ '3

= n(n*l)(n*‘) E D o s cnbiue Ay
2 s ¢ fecdr of Ao Ak S s ¢ (eceor -

6 1S eloo & fec o nl-n S o M}‘“(dv( o 6‘

(Total 2 marks)

Provethat ¢¢ o0 0 ¢&¢ o Ois amultiple of 8 for all positive integer values of €

LY(\L,\,\ZAA—%"((*AZ-IZA*C\B :ZL(,/\ - %(2(\\

Sy~ < 1S < FAC@() O Q/K(Dre—g&'of\ ‘S o AR O, 8

(Total 3 marks)
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3. Prove algebraicallythat ¢c¢ p 6 ¢&€ p is an even number for all positive integer
values of ¢

T
Q(\ZJ/C[—(\*}"Z/\—" :Lt'ﬂl»l"Z('\ -'*2(2/‘ "’f\\
Si~Ce 2 S - M‘D’l Do O/;—@TAG\ 2/><.f>r—€,85:©/\ s

c\bvocu::},) Qoren .

(Total 3 marks)

4. Prove algebraically that the difference between the squares of any two consecutive integers
is equal to the sum of these two integers.

Arntl = 20+

T

(nw)’—,n’“:n“*%af\ —A = 2+

e ddgiSVC’/\LJL e YA Ct Sgeer o o~ b—o

conSNecAsUR L‘n‘cefy/‘s Ty eqeet o e s o Ceaae

oo (f\‘ce@s?fs

(Total 4 marks)

5. Show that when wis a whole numberx ¢cw p @ @ 0o is always a multiple of 5

G + ) +ox +18 = 2O +2S5 = S;(C+x_$—§§

(Total 3 marks)
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6. Provethat ¢ po6 €6 € poO o0e0 (

A=A+ FaT+05 32,30 = 3~ L2

(Total 3 marks)

7. The product of two consecutive positive integers is added to the larger of the two
integers.
Prove that the result is always a square number.

(n—}l\%’h(nw\ = A+l + 4~ = A rzArl = (/\—H>\¢

Cor omy inkeqe ~, (4T 1S o sauere covos

(Total 3 marks)
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Upper and Lower Bounds

Things to remember:

i Calculating bounds is the opposite of rounding i they are the limits at which you would
round up instead of down, and vice versa.

UB=UB+UB UB=UB X UB UB=UB —-LB UB=UB-+1LB
LB =LB + LB LB =LB X LB LB =LB—-UB LB=LB+UB
Questions:
1. 0 -
, < < 2 .
W ¢ o correct to the nearest 5 227.5 ¢v 32-3
Y o0 x tcorrect to the nearest 100 S6so ¢ re¢e 3VSO

Work out the lower bound for the value of 'O
Give your answer correct to 3 decimal places.
You must show your working.

(b= LBy = 2%7.S = O. 060666 ...
U 375o

66éécPePbbécée
(Total 3 marks)
2. The value of ] is 4.6

The value of ] is 0.7 ¢
Both ) and 1y are given correct to the nearest 0.1
o)

.. P

| -

f n
Work out the upper bound for i .
You must show all your working.

W3, = UB, | - ¢S+ 1 = 6.1%5846...

L&a 0.65

"""""

(Total 3 marks)
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Ashley travelled from Grantham to Barton

He travelled 220 miles, correct to the nearest 5 miles.

The journey took him 185 minutes, correct to the nearest 5 minutes.
Calculate the lower bound for the average speed of the journey.
Give your answer in miles per hour, correct to 3 significant figures.
You must show all your working.

212.85¢€4d4<¢222.5
1€2-S¢Ee i85

LBy CBL=Ub, = 217.ST (8§25 = 64,6

C v
T
Hows'
éééééé%otza'ééééééé mph
(Total 5 marks)
Wis 7.8 cm correct to the nearest mm
wis 5.9 cm correct to the nearest mm a
Calculate the upper bound for & ¢
You must show your working. 5
5.3 ¢bd S.98S
2 —Z (&
OB = [(UR) - (B =3 785 - S35
- 2.2343500.--
6é6eeeEebé%Beéééé cm

(Total 4 marks)
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.o

4 —

i ¢&® xcorrect to 3 significant figures

0 Xx& o correct to 4 significant figures

By considering bounds, work out the value of & to a suitable degree of accuracy.
Give a reason for your answer.

2. 665 €< 2.678
7. 8335 ¢ E£<2.¥34S

%N:'@:— :52.675: 0.20% 78 & ...
2.%33 S

—_—

B¢

Lo =8 - (2065 =O.228 27 L.

UGB 2.¥34S

M 1S cocfedk o 2 S\'@ﬁi(f\'cw&- P:@w‘es (o boct- A3 o~-d LR

66ecBdecebsce
(Total 5 marks)

98]

@ p& ucorrect to 3 significant figures

@ UBocorrect to 2 significant figures

‘Q 1 correct to 1 significant figure

By considering bounds, work out the value of ®wto a suitable degree of accuracy.
Give a reason for your answer.

1.245< b<1.2S5
.8S € c £ §8.45
3.5 ¢ A< 4.5

UB. = S=LBy, = 5-1.24S = ©, 83 2V% - -
ce, 8 Y& s _©ES-&.S
S  S-1.2SS = ©.0o%¥71SS..-

UR —L&y &=S -3.S
o~ IS coccek (o ) S"ﬁ"c"ﬁ' for ol e ey e~
(moer loou~dt-

rrrrrrrrrrrrrr

ééééééééeeeeecece
(Total 5 marks)
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Equations of Circles and their Tangents

Things to remember:

T The general equation of acircleis @ ©6 ® ®6 16 where i is the centre and i
is the radius
1 To calculate the equation of the tangent:
o Calculate the gradient of the radius of the circle
o Calculate the gradient of the tangent of the circle (they are perpendicular!)
0 Substitute the given coordinate and the gradient of the tangentinto w & @ wto
calculate the wintercept

Questions:
1. The equation of a circle 6, with centre 0,isad 0O p T

a) Find the coordinates of the centre 0.

1)
b) Find the radius of 6.
==
géeéééeegéceéeecéé
g 1)
c) Show the point  yhp lies on 4.
(<) + 67 = 64 + 26 (OO
CHR = S
. (—%")bB Ces o~ e ke, )

(Total 4 marks)

2. A circle 6 has centre 0 3
The points 0 Tt and 6 mh X lie on the diameter of 4.

a) Find the coordinates of the centre 0.

(1)

b) Write down the equation of the circle.

T 2 _
ceeecegerblese
(1)
(Total 3 marks)
3. Write down the equation of the circle.
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rd —_
666 ':é»éiréfé 56k 6
(

otal 2 marks)

4. Draw thecircle®w ®

v

(Total 2 marks)
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5. The diagram shows the circle @ @ ¢ awith a tangent at the point (2, 5)

/.

a) Find the gradient of the line OP.

=N
Eeééeééeéeééeé
_ _ 1)
b) Find the gradient of the tangent
-2
céeéeéexreéeéeté
_ _ 1)
C) Find the equation of the tangent
=2
us-:——' < > T¢ (Z)S>
S =- = «27c
S
2 -c
S
2 22
CeYEC e SEEE6 6% 6
(2)

(Total 4 marks)
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A circle has the equaton®w @ v

a) Write down the coordinates of the centre of the circle.

b) Write down the exact length of the radius of the circle.

"""""""

e eeeeeve eeeeee

3 (1)
0 is the point ph ¢ onthecircle® ® v
C) Work out the equation of the tangent to the circle at 0.
Codie~t OF (aduy & -2 = - 2
)
Cecdiot ob tonget ' 5
— 2 ‘-‘% % ) + <
_S _.
2
_ L _ =
éééé:}é‘éé?ébéééééé
(4)

(Total 6 marks)
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Quadratic and Other Sequences

Things to remember:

1 Fibonacci sequences are where you add the previous two terms to get to the next term
1 Geometric sequences have a common ratio, ie. the term-to-term rule is to multiply by a

constant

f To calculate the ¢ term of a quadratic sequence:

Calculate the first difference
Calculate the second difference

Compare the original sequence to Gt
Calculate the ¢ term of the difference
Write the quadratic £™ term

oukwnNpE

Questions:
1. Here are the first five terms of a sequence.
2 8 18 32 50

X6 Yo +ig +HI¥ + 2z
a) Find the next term of this sequence.

The nth term of a different sequence is o @

b) Work out the 5th term of this sequence.

SxSL-G

2. A sequence has the first four terms

3 12 48 192
x&G %G ~&

a) Find the common ratio for this sequence.

b) Find the next term in the sequence.

| &2 <« &

16

Work out the ¢ 6 coefficient by dividing the second difference by 2

"""

éééééé7é ééeééeé

(1)

rrrrr z s 7z 7z £ z Z

eeeee e eeeeee

(1)
(Total 2 marks)

"""""""

1)
(Total 2 marks)
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Here are the first six terms of a Fibonacci sequence.
I 2 3 G S ¢

1 1 2 3 5 8

The rule to continue a Fibonacci sequence is, the next term in the sequence is the sum of
the two previous terms.

a) Find the 9th term of this sequence.

2 g D)
B 2| B
céeéedeéeéecécé
(1)
The first three terms of a different Fibonacci sequence are
b) Show that the 6th term of this sequence is 6& v®
G ar 2h
g*\" D 2a r 31:>
6™ . 3a + Sk
2)
Given that the 3rd term is 7 and the 6th term is 29,
c) find the value of ¢and the value of &
calb =72 > RLBa+ 36 =2
Za +Skb=29 _ e +Se725
-25=-%
b= &
b= - & =3

"""""""

W ééeéeé eeeeeeece

rrrrrrrrrrrrr

ooeeeee eeeeeeeece

(3)
(Total 6 marks)
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4.

5.

Here are the first three terms of a geometric sequence.

Find the positive value of @

T w Cw pg
?9c+)2 = >
>c &
_ z
?X F& s - X
O =
o <
~ =12 or

=t — ¥ < %%
(bc—l?.)(}“’&k)

~4

rrrrrrr

éééeeée
(Total 4 marks)

rrrrrr

eeeeee

Here are the first 5 terms of a quadratic sequence.

T 1 3 7

>

G +6

13

21
L€

+ 1 rT + C
Find an expression, in terms of ¢, for the € term of this quadratic sequence.

T

2=2 <) .. o
T, l S ) S 2\
’<59; [ 4 9 I  2s
T - O -1 -1 -3 - &
B @1 - -2 -3 - & -

D

18

668 g d&e6eeé6éé
(Total 3 marks)

Contents b



6. This expression can be used to generate a sequence of numbers: ¢ €& pp

a) Work out the first three terms of this sequence.

Rl e = 1
21’z+(\ =15
=T_3 40 =10 éééé,éééeeégeeé)

b) Show that this expression does not only generate prime numbers.

ISR A T

not e~m&

(2)
(Total 4 marks)
7. A quadratic sequence starts
-8 2 16 34
4o + o Ly
r&« >4
a) Show that the ¢ termisg¢é T1&¢ pT
T
¢+2:=2 o 2
T 2 16 I&
_ (7 2 g s 32
. —b - 2
- @:) g \ 2 VG
— Yy -4 -/ -G

2/77—‘-1" (k(\"IL’f

b) Hence find the term that has value 272 (4)
265 4%A 14 =202
2, +6~-286= O
A= —4 Q-4 2~ Tfe
“+ cecceddéeb®lve
~=hes IS (TotaIGmarlg
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Functions i Inverse and Composite

Things to remember:

1 We use the notation "Q @ for the inverse function
% "Q"® means do "Qfirst, followed by "Q
Questions:
1. Giventhat Qw c¢w ofind:
a) "Qu
2(s)-3
b) Qo
2(-3) =3
2. Giventhat Qw ¢ Tand Qw ow
a) Find Q"
5F(3)= g(2(3) -
= 9 (2)
=3 ( ?) + S
b) Work out an expression for 'Q
X 209 5
= + 4
J° =
C) Solve Qw "Qw
2> -G =S+ S
— A= =
3. The function "Qis such that Qw  Tw

T
T
T
T

®w "Qw means that wis a function of @

"Qd means the value of wis &) so substitute wwith ®

The graph of the inverse is the reflection of the graph in the line ®
We find the inverse function by putting the original function equal to wand rearranging to
make wthe subject

When a function is followed by another, the result is a composite function

20

Y

V)

//////////////

eeeeeece eeeeee

(1)

s s s s s s N s s oz s oz 7

eeeeeeece eeeeee

(1)
(Total 2 marks)

/////// l/l//////

eeeeeeeeeeeecece

(2)

N I i
éé%!%%é%éé@ééé
(2

ééé@%%égkééééé
(2)
(Total 6 marks)
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4.

5.

a) Find"Q o
= Cr‘j -

u):ijl
<

The function "Qis such that "Qw
Given that ' Q'@ pC

b)  Work out the value of 'Q

fq(2) = £(4kx)
- G(gk) -
= bk -\
0 0w o

Express Qo ¢ inthe form o @ ®

3(344’231' 2(56 +2)—8
g(xl*trx 'fq) - 2% -4« — &

((

- 2o —172

(f

R ¥+ 12> + 12

Txt + 10O

I

Giventhat Qw ® pxandQw w o

21

"'gh(ééééé'éééé

(2)

"o where Qis a constant.

6 -1 =12
loke = | 2
< =13
[ o
13

""""

0 6666EGEEEE666E6
(2)
(Total 4 marks)

2
ceéedecet Rueéee

(Total 3 marks)
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a) Work out an expression for 'Q

sz vy =\ 7

U:‘DC—#(‘)

-
6 debeleedwedn e s

&
2
b) Work out an expression for 'Q  ®
o~ \-3‘\'3
DT>
éé ég'e(%‘é EceeR e
2

C) Solve™ Q w Q w

@ = > -3
()"

O: —35,1,6;(-"0\-3(_-’\5

0l

O = >~ D> — %
O=(:<—8X\f~*|5

c 66 e awesthece
4)
(Total 8 marks)

The functions "Qand "Qare suchthat™Qow p vwand Qw p v
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a) Show that "Q"(® p W
o F () = o(1-S()

3(*“)

[+ S(-<)

-1a

1

céecdélbeececcee

(2)
b) Provethat’Q w "Q w forall values of w
-ﬁ"(:"L) = | - x 3”(§_>:3C”
S S
] - X 4+ = - | = | — S + > — ) = Q
S S <
3)

(Total 5 marks)
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7.

Giventhat Qw ow pand Qw o
a) Find "Q"@o
Lol = £(=9)
=g (x)

b) Work out an expression for "Q o
6F<:C> = f) (Sbc+ l)

- (R=e)"
~ qaxt +6x+ |

C) Solve Q@ QM

2.+ 2 Ax"t+ 63 4 |
O = buz+6><—

O = bx (UC‘“\

24

2
cecomebhocssse
(2)

=
66cQusdbastelscs
(2)

CEPEEdR G 6 6
(3)
(Total 7 marks)
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Graphs of Trigonometric

Functions

Things to remember:

The graph of y =sin 8

The graph of y = cos 8

The graph of y = tan 8

] 270 780, v 90 T80 270, E=
E

y

2

E

The graph of has a maximum value of
1 and a minimumvalue of -1.

The graph has a period of 360°. This
means that it repeats itself every 360°.

The graph of has a maximum value of
1 and a minimumvalue of -1.

The graph has a period of 360°.

This graph has a period of 180°.

Questions:

1.
y

-~

Sketch the graphof @ ATcdform @ o @M

25

I | I
90 180

v

360

(Total 2 marks)
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2.

Sketch the graphof @ O Adlform @ oo

y

-~

(Total 2 marks)

90 80 270 60
Sketch the graphof @ OBdform & o @
y
| | [
0 90 0 270 60

—

26

(Total 2 marks)
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4.

5.

Here is a sketch of the curve @ O Rdform & oo m
VA

¢\

Given that O Eol 1t J - write down the value of:

) OBplu mJ )
i) OBlo mJ

(Total 2 marks)

Here is a sketch of the curve @ ATddform & o @

YA
1

N\
N\

0.5

N

N\ /
7/

1
Use the graph to find estimates of the solutions, in the interval 1 @ o @,f the equation:

i) ATc® 1
=) o
) cXeTEe8ep e
ii) TAT® o
— Z _ =4 o
codS= T < 628G &6 Obs g 662Té
(Total 4 marks)
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Expanding Triple Brackets

Things to remember:

1 Expand one pair of brackets first, then simplify, then multiply by the third set of brackets
1 Make sure you collect like terms together carefully, looking out for negative numbers

Questions:

1. Expand and simplify @ p w 0 w T

-~ T rs + 3

= x° ¥ Ge® + 3x

& pGxt Hlox + 12

2. Expand and simplify @ ¢ w 1T 0 p

>
X | D¢ + 2> - ¥
> | x> ¥ 2x7 _ gx
41 Dcl +— 22 — &

28

3 2
s d e ek bTust! 2

(Total 3 marks)

3 3
& 676 @ 6 5 6% 6@
(Total 3 marks)
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3. Expand and simplify cow p @ ¢

—_—

x| x° -G + G

S
x| 2 —Fxt =
2
+1 | > — & + %
3 z
6% e dos ek lbae™
(Total 3 marks)
4. Showthat ¢cw p ow ¢ @ p GO vLw ow (¢ forallvalues of w
ks
w |6 > — —Z
—)" 4—6%1 — o< — 2
3 &
3% & Soe e SR
(Total 3 marks)
5. Showthat cw 0 W T VW ¢ pm ¢ X 1m ¢ tforall values of @

— - 12

_2Sx" —60Ox
— (O - 2<%

3 z
KRk 66d w6 56766 6 ¢

(Total 3 marks)
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