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Surds

Things to remember:
e v means square root;
e To simplify surds, find all its factors;
e To rationalise the denominator, find an equivalent fraction where the denominator is

rational.
Questions:
1. Work out
(5 +3)(5—V3)
N2z
Give your answer in its simplest form.
& x/jﬁr‘?&[ éf“%/ﬁéf ::i’i % 7;7,2 3/37/2 o
B r: f /C;}:Z 7;7} 172 /0?2
Iy #5932 -3713-3

j ;.(_7[}?:12,« /aé /C;/“MJ
253 =2

(Total 3 marks)

.. | 1
2. (a) Raﬂgnallse the denominator of 7
7 3 %

(b) Expand (2 + V3)(1 + V3)
Give your answer in the form a + b3 where a and b are integers.
203 r37073
§+3 )3
—
R ienen
(2)

(Total 3 marks)



1
a Rationalise the denominator of —=
(a) 77

NS L rd _ﬂ
)/'_‘_ 7?; 7 -1"'7
>
(2)
by () Expand and simplify (v3 + V15)?
Give your answer in the form a + bv/3 where a and b are integers.
[’/?f 7’75—)[3&:"“//I>
e —
2 F 28T/ ) ET
ynll: 7] ¢ -
[ grafer = (5r 2y 05 = /6T ;
....... (PO
(ii) All measurements on the triangle are in centimetres.
ABC is a right-angled triangle.
k is a positive integer.
4 V3 + V15 C
Diagram NOT
accurately drawn
k 3445
B
Find the value of k.
/7 X /%5579/‘4')
L ; T <
(3+ {7 /" ek g 3()’,;? § /”/f)
(355 ) ) w03 75)
9. 27 S+ 2T +# = 3¢ oy Y P
A2 R St B 9
(Total 7 marks)
/(‘, L~ ¥

frt2 o 4 :



4, Expand and simplify (v3 — V2)(/3 — V2)

5. (a)
(b)
6. Write

18 + 1
V2

=3-J5 +2-76
= 5—_/{6/

. 1 T
Write down the value of 4972 = Y¢7

Write v/45 in the form k+/5, where k is an integer.

oo T < 3

S
(Total 2 marks)

z77
BB,
(1)

Jgre W Am ek

—

Y

TA 2
= 6*/07/:2—
o2
- 3.592
a=
b=

in the form a + b\/é/where a and b are integers.

(Total 2 marks)

" (Total 2 marks)



7.

8.

9:

Expand and simplify (2 + v3)(7 — v/3)
Give your answer in the form a + b+/3 where a and b are integers.

@?ﬂf V3 ) C1- 7‘%7

20713 -3 217

= /8 513 .
..... KESTE

(Total 3 marks)

(4 +V2)(4 - 2)

Rationalise the denominator of
V7

Give your answer in its simplest form.

pﬂé}f ﬁ%@wye ik

FR)E2) " se-2 /5
RS 77 77
/Y Y /<77 773'
S ik A R
< 7 7
(Total for questlon 3 marks)
(4-V3)@+V3)
Show that s simplifies to V13

(/(;‘ﬂ%'fgﬂqf "P/”Zfz;t/fwej 7§nML

. Zif./f“r‘rn

_ 2
(4{‘ )r3>(?(7‘??) = /6“7?9 “3'?‘94)? = /{{_3__/3

/
EANS T TR

_.-.._._.,.x__._-

Yy 3 %

(Total for question = 2 marks)



Algebraic Proofs

Things to remember:

o Start by expanding the brackets, then factorise.

e Remember the following:
1. 2n = even number

2. 2n +1 > odd number
3. a(bn + c¢) = multiple of a
4. Consecutive numbers are numbers that appear one after the other.
. - S R TR e .
Questions: e s L . e
e (a) Expand and simplify x{x + 1)(x = 1) < ( % 2_ /)
= (k% x) (=) = %7 %
3 2
= X L S 52\2
= * B = x
3

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
n is a positive integer greater than 1

(b)

MOJ’C/ _5 cans, 7058, &f

O~ ) b*-(n)
W““—J - M _).J -
AT S bt
(/) <_ /)
61
< 28T -1is a prime number. _
()  Explain why%:t//‘i’ﬁ; a multiple of 3
s
T
£l 7 &/
s .
P4 4/ X oy r/
) 5 ¢ ew JEC.
A p ¢(I‘/)
6 -4 &/
= & A "s L
J ) A
J! T |
o s Mt te 7
07[02 @ m-l7

Prove that n® — n is a multiple of 6 for all possible values of n.

(77 '/,)J/; " G/

o 3 ey »o,
¢ “n 4 ¢ el {:7
//JJ”/?

5 Cen) »ol, »/”C?,J Mu//
A 2 ea) avd sl lF 7

3, ge L,

& ,/21.:'//'/,

(2)

(Total for question = 6 marks)



2 Prove that
(2n + 3)> - (2n - 3)? is a multiple of 8
for all positive integer values of n.

g?&//”w ﬂ/f ,;iffrcé,@/Y
G e 1y 19 ~ (0t ~12n *9)

: L. iz ey _
= ?(//1 s /’f}n#“?”% /X” 7

h , 77 7

2% Jy a mAH 0l 7 5
Se AFn i3 a el a
(Total for Question is 3 marks)

3. (a) Expand and simplify (y — 2)(y — 5)
i ‘2 g £/ = 5—\
N » v */ g

YJ _ 77+/Cf’

*(b) Prove algebraically that
(2n + 1)2 - (2n + 1) is an even number
for all positive integer values of n.

€ rpand ércc /<€7(]

%4+ vl =y #1)
R AR
x %7+
- 2( 1)
7
2 05 a fector a)

i o p 7 F3 € vln (Total for Question is 5 marks)
So vm dér



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

M&(/f{g/ (72 Cc?m_;‘(’ C;;_/%;I/C /W/-‘é%/‘j

et S

p AR =

Z
(x#0) 7 =)
xg’l%o;?&,_/_x- D S

S

(a)

(b)

*(c)

<

1t

il ot

(Total for Question is 4 marks)

Factorise x® + 7x

ﬂxV)

(1)

Factorise y*— 10y + 16

(ii)

(2)

Factorise 2t2 + 5t + 2

Gted(fr). .
tis a positive whole number.

The expression 2t? + 5t + 2 can never have a value that is a prime number.

Explain why. .
o Sl Lz L T Lot jottitn e Lond ..
7 /1‘6?) Th¢ fact Dy ol CEF €+l

-------------------------------------------------------------------------- j...-. ...........-....---.----....u-.----(.snv)
/71”;/"’!@ A bers bt 0”[7 (Total for Question is 6 marks)



6. (a) Factorise 3t + 12

..................................... ( 1)
(b) (i) Expand and simplify 7(2x + 1) + 6(x + 3)
= /Fx Dt xS
L QQ X Y
...... ‘ ;})OWQF
(i) Show that when x is a whole number

7(2x + 1)+ 6(x + 3)
is always a multiple of 5

= :_’}x’f‘f?;J‘

s S #w 2 5 )
J
sine § iy 4 Facton
7L 5;@ A e éév. /) =]

M /7‘/"/4/.’2 J)é\ &

(3)

(Total for Question is 4 marks)
Prove that(n - 1)2+n?+ (n+1)2=3n2+ 2

(’x/_/”c, il é’o—- 4 cC /"-7‘3

)‘192"9);01‘/"‘/‘4 - /R
('ﬁmé,'np /K/Z( %6;/“9”)
s D, 4L

(Total for Question is 2 marks)

10



8.

9.

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

See g, ﬁ/

(Total for question is 4 marks)

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.

/e /5 ( ;2 Conje C f/%/( L /""7'“').”7//6—‘2 /‘”/87{5‘/‘) aJ

D . A
>< (X ?“/)
g B v
s ¥R /W/"’er 07[02 s blry

/
W&/wj cffu/(/ é >\1-r/

x24 < * )\7"/

B K (72><, #f (Total for question = 3 marks)
ﬁc,’fa vise
, el
(x1)
N &

L’?év" 9&/‘%&&70’) 11
Z;&/;.—_;Z 6 Sg. ctf /ff/méflﬂ



10.  Prove algebraically that
(2n +1)2-(2n + 1) is an even number
for all positive integer values of n.

see o 3}

(Total for question = 3 marks)

12



Transformations of graphs

Things to remember:

f(x) means the function of x.

-f(x) is a reflection in the x-axis.

f(-x) is a reflection in the y-axis.

f(x — a) is a translation in the x-axis, a units.

f(x) + b is a translation in the y-axis, b units.

cf(x) is an enlargement in the y-axis, scale factor c.

f(dx) is an enlargement in the x-axis, scale factor %.

el -k R

Questions:
1. y = f(x)
The graph of y = f(x) is shown on the grid.

Ya

2

=Y

3
e
oL

-8 ~6 O

(a)  On the grid above, sketch the graph of y = — f(x).

(2)
The graph of y = f(x) is shown on the grid.
Va
y = f{x) < graph G
2
6 4 2 | o 2 4 6 :
The graph G is a translation of the graph of y = f(x).
(b)  Write down the equation of graph G.
7/’/\{;’%}/9 //:()ﬂ /ﬂm //€ ><’__ é:%) ............ :..fi..)&.:..é) ............... ( 2).
) g Total for Question is 3 marks
6 unty ( )

13



2. The graph of y = f(x) is shown on both grids below.

V &

\

v =) 1

\ L

-3 —6& —4 -2 o 4 6 b :
=2
—4
(a) On the grid above, sketch the graph of y = f(-x) re flection /i Y4 %)
(1)
Va
v = t(x) 7/
/N,
g = N, 3 r 3 s

(b)  On this grid, sketch the graph of y = —f(x) + 3

(1)
(Total for question = 2 marks)
e )C{C’(/%: i //) - ﬁl?cr

Frcins lotion ﬁf( >



3= The graph of y = f(x) is shown on each of the grids.

, / 3
7[/'"&?/:}/617[/(@/1 (5)

(@)  On this grid, sketch the graph of y = f(x — 3)
Y a
6
s /
4
l
& md =5 =3 =t 0 \%/3 3\i//:'< "
- A
—d
(2)
(b)  On this grid, sketch the graph of y = 2f(x) € /&iw/qﬁmgﬂf _;-7’,@%54
L 3
8 focta A
M,;«WL ] /4 Yo S e 7 0n
thegt T
rode ene |
ﬁa f‘M'Tj
S 4 3 =2 4 5 6 Tx
-3
(2)

15

(Total for Question is 4 marks)



The graph of y = f(x) is shown on the grid.

o

(a)  On the grid above, sketch the graph of y =

The graph of y = g(x) is shown below.

\/ V= gh;

| B

0 / \ x
/| eraph G
/ 1

The graph G is the reflection of y = g(x) in the x-axis.

(b)  Write down an equation of graph G.

16

v

, 2
%}’me/@f/@ﬂ( Jj)

(2)

(Total for question = 3 marks)



Equations of Circles

Things to remember:
8. The general equation of a circle is (x — a)? + (y — b)?2 = r2, where (a, b) is the centre and r is
the radius.

9. To calculate the equation of the tangent:
1. Calculate the gradient of the radius of the circle.
2. Calculate the gradient of the tangent of the circle.
3. Substitute the given coordinate and the gradient of the tangent into y = mx + c to

calculate the y-intercept.

Questions:
1. The circle C has radius 5
and touches the y-axis at
the point (0, 9), as shown in
the diagram.
(a) Write down an
equation for the
circle C, that is
shown in the
diagram. >

)
/

S ) 4 1) 228

<A
C (-5,%9

A line through the point P(8, - 7) is a tangent to the circle C at the point T.
(b) Find the length of PT.

First, shutih #i, Alays shetil

W(rﬁ”)")”?(ﬂmz SN2 e

: P .
(P7)7 = oo e
(Total 6 marks)

17



9;571614(@2 T[I:Pv (“{)7) 7% (‘Ozg)

= adi

* A0 0 = Viver = 10w

(X = - /)2-+(>/ ‘7)2‘{?5:5)2
C}(“f/) E (7/" W)e=5

O

(Total 4 marks)

The circle C has centre (3, 1) and passes through the point P(8, 3).
(a) Find an equation for C.

&

e

V(3 Gy = 25 7T

(& =3) 4 (y-0)*> 29

| (4)
(b)  Find an equation for the tangent to C at P.

%Z@ /&wé C@j;,f},j (5; ’) Qﬂﬂ/ (g)j) I/J/f/%/ é€ L 75 %@M}ﬂ/}f
at (§,3)

@ calectat  ry = % e %—
(@ v omxrc (3,0 m=
/= E(3)+C ¢y
_ o ‘
¥EY XTF
- = DA X123
&3 wl - 2 P T 5 S R KT i,
9 n 4 (6)
@ 7: — @}) 3) o "Jé (Total 9 marks)
3= 36)¢ <=23 N



Quadratic and Other Sequences

Things to remember:

To calculate the nth term of a quadratic sequence:
Calculate the first difference.

Calculate the second difference.

How many n?s?

Subtract.

Calculate the nth term of the difference.
Write the quadratic nth term.

O gt B GYBD o

Questions:

1.

Here are the first 5 terms of a quadratic sequence.
1 3 i 13 21
Find an expression, in terms of n, for the nth term of this quadratic sequence.

;i 85 3 £F Y

er N s T

2 ¥ 6 ¢ 7
N ,

2 =z y = n

— YTl e e,

(Total for question is 3 marks)

Here are the first six terms of a Fibonacci sequence.

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.

/S /2 3 3§ S A 3

The first three terms of a different Fibonacci sequence are
a b a + b
(b)  Show that the 6th term of this sequence is 3a + 5b

A 5 ath bt ath ath 7 éﬂ;f; é-m?‘é tath thtqrh
= Sa+tJ4

& 5 ot b atd) o+ 34 Sat¥ ) (2)

19



v

2

)

Given that the 3rd term is 7 and the 6th term is 29,
(c) find the value of a and the value of b.

ol =7 Sim, Cgs 72/? «i
ZatJL =49 s 3
. SR 5 =
(/ly(,‘«é o 7 ¢

a5 kst
~ (3@ 135 F'VZ/) bﬁﬂ’ 5&,—_?
(’_@f' a = 3

2 =8
L =

B 2, s B s nsmos o s s s SRS
b= e 7 AR
3)
(Total for question = 6 marks)
Here are the first five terms of a sequence.
2 8 18 32 50
(@)  Find the next term of this sequence.
+6  Hlo sl rlf 4R
. ad v
Can ok af guibeelic S
5S¢ g dnce /ﬂmﬁ atn, G J (1
The nth term of a different sequenceis  3n*—10 E (SL) 2oy
(b)  Work out the 5th term of this sequence. '
= 3@5’) o
= 0J -~

=63

..................... ST
(1)

(Total for question = 2 marks)

20



Here are the first five terms of an arithmetic sequence.
1 5 9 13 17
(a)  Write down an expression, in terms of n, for the nth term of this sequence.

=2 /S 9 /3 /7

+ & F & G o

(2)
The nth term of a different number sequence is 3n* + 7
(b)  Find the 10th term of this sequence.
A
2 ( /@) + 7
x 5 (/JJ) F
= 3.)0 + ) 30—7 ...............................
(2)
B 3] (Total for Question is 4 marks)

21



Completing the Square

Things to remember:

e To complete the square:
1. Halve the coefficient of x.
2. Putin brackets with the x and square the brackets.
3. Subtract the half-coefficient squared.
4. Don’t forget the constant on the end!
5. Simply.

e For(x-p)*+q=0, the turning point is (p, q).

Questions:
1 (i) Sketch the graph of f(x) = x* - 5x + 10, showing the coordinates of the turning point

and the coordinates of any intercepts with the coordinate axes.

)= (x-2) =L (x2S \f&) /

K
-/ _-é: j /5— ,.9:)2‘ ,_fj 10 -
“(X 7) i (7‘ <) ix 3
% /j) - )( ;;) }(‘%:f?";,y 7/}
7y 7 ) = ,;‘3—,/0 7
\/6%6% v

\/‘\“""7L /10 y-eﬁl( f&')\"‘fj

(i) Hence, or otherwise, determine whether f(x + 2) — 3 = 0 has any real roots.
Give reasons for your answer.

C G J‘.(JJQ/" f/:f{ }éc, . 74/‘,4/1 @ '?Z/’VWJ
_FC?’\ f'az)
N
/ o)
frcanj/ﬁ/‘,fw( _;2) ’/[V“/’}/é‘/if@n ("j’)

\/errlffxi 7/\(&) W) ‘;’I
sife, (—05) e fl x 7/(><) -

- 3
5

(Total for question = 6 marks)

i
- , . 5 O
st nc ool rod) &) z > |



(@)  Write 2x? + 16x + 35 in the form a(x + b)?> + c where a, b, and c are integers.

2 x?16x ¢ Z)
2((x 9 -6+ Z)
2((are)” ;_)

2 (x8) " + 3

Axey) T3

3)

(b)  Hence, or otherwise, write down the coordinates of the turning point of the graph
of y=2x* + 16x+35

\/ér/t’x C G éC

4&4

%3/

The expression

2

/mm C/j 76*44/2

(1)

(Total for question = 4 marks)

ol
%— 8x + 21 can be written in the form (x — a)2,+ b for all values of x.
(a)  Find the value of a and the value of b.

[ x9) " =6

(X PC/)X

—

)

%aé — a=....
< b g b=....
a+-¥

23



The equation of a curve is y = f(x) where f(x) = x* — 8x + 21
The diagram shows part of a sketch of the graph of y = f(x).

A & .
v =1x)
)

\ {
" é
1 !

v

i

The minimum point of the curve is M.
(b)  Write down the coordinates of M.

............... (D o

(1)

(Total for Question is 4 marks)

() = O *(//z“‘f

Ve /4’_;& Léz) JJ)

24



inverse and Composite Functions

Things to remember:
e y =f(x) means that y is a function of x.
e f(a) means the value of x is a, so substitute x with a.
e The graph of the inverse is the reflection of the graph in the line y = x
e We find the inverse function by putting the original function equal to y and rearranging to
make x the subject. U x
e We use the notation £4{x)-for the inverse function.
o When a function is followed by another, the result is a composite function.
e fg(x) means do g first, followed by f.

Questions:
1. The functions f and g are such that

f(x)=1-5x and g(x)=1+5x
(@)  Show that gf(1) = - 19 o

jf(?‘) = /f'j(‘/‘fﬁ = /1) 2T x = AT x
L S

9%
§EC) = §-2s5(0) = /7

(2)

(b)  Prove that f'(x) + g”"(x) = O for all values of x.

FL) =/ T 90d s (10 £ )9 G)

v /X 7= ot LA
~ S _ 4 3
ox Ty Ix= oy
x = X x> y! = arlrxl
¥y K 5
e ki . -
p R = 7E XL N ¢
Y e S
~¢ - x /! st B - =
76) - = 76 2 O 3)
(Total for question = 5 marks)

25



The function f is such that f(%) - 7)\ -/ y - _Xi{

f(x)=4x -1 _ N &«
(@  Find f'(x) Y -t » _
o = ol 1<) » X2
X ¢
K=
7
Kt (
0= e, oSO
(2)
The function g is such that
g(x) = kx* where k is a constant.
Given that fg(2) = 12
(b)  work out the value of k
163 (?J =¥ kx*)
= Kex7
Yk(2)” (=~
[Ek -/
J6k = /(3 2
s 13/ k= A
4= /{ ....................................................... s

(Total for question = 4 marks)

The functions f and g are such that
f(x) = 3(x — 4) and g(x) = g +1
(a)  Find the value of f(10)
o) > 3Cwo-%)
= 3(¢)

-/
............ Lo
(1)
(b)  Find g '(x)
j (7\) - 3(51 +/ (j —((x) = x5
YIF
L)— Ny TORLT 5 _

/ g =, fxfj ................................
x =35y -5 (2)

7:5.&‘)- 26



(c) Show that ff(x) = 9x — 48

FUGY > 3((3(x4)) %)

= I x ¢ -0
= 7){‘36“4(
= 9% - ¥§

(2)

(Total for question = 5 marks)

4. f(x)=3x*-2x-8
Express f(x + 2) in the form ax? + bx

3(xt2)” () = §

=~ 3 (x’z*?‘x*?) "I -
:'le%éf;(%/dz’ )(“/02

ﬁ&‘%éew //z/—% 7Z€VW‘?)

- Ik lon Ixlrox

(Total for question is 3 marks)

27



Expanding more than two binomials

Things to remember:
e Start by expanding two pair of brackets using the grid or FOIL method.
* Then expand the third set of brackets.
e Use columns to keep x3, x2 etc in line to help with addition.

Questions:
1. Show that
X=1)(xX+2)(x-4)=x>-3x*-6x+8
for all values of x.

cor) (i) )G Ax)

I R R s
i 2 Rie s
S SR AP —
7(3\5{2 ‘éxfg

(Total for question is 3 marks)
2. Show that

(3x = 1)(x + 5)(4x — 3) = 12x3 + 47x®> - 62x + 15
for all values of x.

(3 75 (#x-3)( 3 +/% -5)
35 4l 12> ¢ SEx" ~Aox
}’\1*/7?("), _?XZ L x 2 /)

i®

i

1 !

£lx? v 3t L *F

(Total for question is 3 marks)

28



3 Show that
(x-3)2x+NH(x+3) =2 +x2-18x-9
for all values of x.

(%= 3)(dxr0) (3N 2n2 - T -3)
D3 2 e TRt S
_,/?(z_)»x -3 “(xi ~i T %

/2(3 *X‘( —\/KK "7-

(Total for question is 3 marks)

4. 2x+1)(x+6)(x-4)=2x>+ax? + bx — 24
for all values of x, where a and b are integers.
Calculate the values of a and b.

(o ) x2€) (Y (22413 r6)
> Ittt x *§ PSSy 4

NS P R s
s E

P Tt W 28

(Total for question is 4 marks)

29






















































































































































