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1. Adina is saving money to buy a new computer.  She saves £5 in week 1, £5.25 in week 2, 
£5.50 in week 3 and so on until she has enough money, in total, to buy the computer. 

 She decides to model her savings using either an arithmetic series or a geometric series.

 Using the information given, 

 (a) (i) state with a reason whether an arithmetic series or a geometric series should be 
used,

  (ii) write down an expression, in terms of n, for the amount, in pounds (£), saved in 
week n.

(3)

 Given that the computer Adina wants to buy costs £350

 (b) find the number of weeks it will take for Adina to save enough money to buy the 
computer.

(4)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

a i. There is a common difference , not a common ratio , so an arithmetic sequence should be used. VB

ii. NTH TERM OF ARITHMETIC SEQUENCE

an = a + (n-1)d

a = 5 (first term)

d = 5 .25 - 5 = 0 .25

an = 5 + 0 .25(n-1) vM1

an = 5 + 0 .25(n-1) VAT

b. We need the sum of the arithmetic series to be equal to 350

ARITHMETIC SERIES

Sn = A(2a + (n-1)d)

1(2x5 + 0 .25(n-1)) = 350MA

70n + 0 . 25n(n -1) = 700

10n + 0 .25n2 - 0 . 25n = 700

n3 + 39n - 2800 = 0

QUADRATIC FORMULA

n = - b = b
2

- 4aC

2a

n = - 39 + V(- 39)2 - 4(7)(- 2880) VM

2x1
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Question 1 continued
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(Total 7 marks)

n = 36 . 89...

n = 37

3) weeks vA1
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2. 

O x

y
y = 4x

Figure 1

 Figure 1 shows a sketch of the curve with equation y = 4x

 A copy of Figure 1, labelled Diagram 1, is shown on the next page.

 (a) On Diagram 1, sketch the curve with equation

  (i) y = 2x

  (ii) y = 4x – 6

  Label clearly the coordinates of any points of intersection with the coordinate axes.
(4)

 The curve with equation y = 2x meets the curve with equation y = 4x – 6 at the point P.

 (b) Using algebra, find the exact coordinates of P.
(4)

www.mymathscloud.com
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Question 2 continued

O x

y
y = 4x

Diagram 1

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ Q2

(Total 8 marks)

3

y = 4x- 6 y = 2

'logy6
8 = 43 - 6

44= 6

x = 10946
-S

b. 2 = 44 - 6

2) = 22x -674 = 23

22 - 2 - 6 = 0

(23)2 - 2 - 6 = 0

let y = 2

y2 -

y
- 6 = 0

(y- 3)(y+ 2) = 0

y = 3 y=2x
2 = 3 cannot log a negative number

x = logz3

P : (log23 , 2)

www.mymathscloud.com
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3. (i) Prove that for all single digit prime numbers, p, 

p3 + p is a multiple of 10
(2)

 (ii) Show, using algebra, that for n  ¥

(n + 1)3 – n3 is not a multiple of 3
(3)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________
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___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

i
. We can use proof by exhaustion as there are only 4 single digit prime numbers

p = 2 :
p= 3 p = 5 p=7

2 + 2 = 1033+ 3 = 30 53 + S = 130 73 + 7 = 358 M1

Each case gives a multiple of 10
. As 2 , 3 , 5 , 7 are the only single digit primes , the statement has been proven

VA1
true for all single digit primes

ii. (n+ 1)3 - n

= n3 + 3n + 3n + 1 - n3 vm

= 3n2 + 3n + 1 vA

= 3)n2+ n) + 1 = one more than a multiple of 3 , so not divisible by 3 for any nEN VA

www.mymathscloud.com
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Question 3 continued
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Question 3 continued
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Question 3 continued
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(Total 5 marks)
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4. (a) Find, in ascending powers of x, up to and including the term in x3, the binomial 
expansion of

2
8

13

+⎛
⎝⎜

⎞
⎠⎟

x

  fully simplifying each coefficient.
(4)

 (b) Use the answer to part (a) to find an approximation for 2.012513

  Give your answer to 3 decimal places.
(3)

 Without calculating 2.012513

 (c) state, with a reason, whether the answer to part (b) is an overestimate or an 
underestimate.

(1)

___________________________________________________________________________
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___________________________________________________________________________
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a .
BINOMIAL EXPANSION FORMULA:

(a + bx)" = an + (Y)an (b) + (2)an-(b) + ...
+ (n)a (b)

* *

+ (b)

↓ This is the CHOOSE function on your calculator

(2 + -))3 = 2 + (2)(2)(5) + (3)(2183 + (3)(2)(E -M

3
8)192 + 66563 + 2496x2 + 572x

~ 8192 + 6656x + 2496x2 + 572x3A7 VAT
↑

VB1

b. Solve for in :

2 +2 = 2 . 0125

x = 0. 1 VB1

2.012s = 8192 + 6656(0. 17 + 249660 .12 + 572(0. 1)3

= 8883 . 132(3dp)

c. Underestimate , because all terms are positive , so there wouldhe more terms added to the truncated

series

VB1
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Question 4 continued
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Question 4 continued
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Question 4 continued
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5. 

O x

y

R C2

C1

2.5 4

Figure 2

 Figure 2 shows a sketch of part of the graph of the curves C1 and C2

 The curves intersect when x = 2.5 and when x = 4

 A table of values for some points on the curve C1 is shown below, with y values given to 
3 decimal places as appropriate.

x 2.5 2.75 3 3.25 3.5 3.75 4

y 5.453 7.764 9.375 9.964 9.367 7.626 5

 Using the trapezium rule with all the values of y in the table, 

 (a) find, to 2 decimal places, an estimate for the area bounded by the curve C1, the line 
with equation x = 2.5, the x-axis and the line with equation x = 4

(4)

 The curve C2 has equation 

y x x x= − + >
3

2 3 9 0

 (b) Find  x x x
3

2 3 9− +
⎛
⎝⎜

⎞
⎠⎟∫ d

(3)

 The region R, shown shaded in Figure 2, is bounded by the curves C1 and C2 

 (c) Use the answers to part (a) and part (b) to find, to one decimal place, an estimate for 
the area of the region R.

(3)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

a . TRAPEZIUM RULE

lydx = Eh((yo + ym) + 2)y, + y2 +... + yn-) , where h =

- a

- - n
↑ & heights of strips in between the first and last

Xrepresentstheoestrip height of the first and last
number of strips

strip respectively

www.mymathscloud.com
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Question 5 continued
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___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

n = 4- 2 . 5

6
↑ From the table there are 6 strips

n = 0 . 25 V B1

A= 1x 0 .25((S . 453 + 5) + 2(7 . 764 + 9.375 + 9 . 964 + 9 .367 + 7 . 626))

A = 12. 33

A = 12 .33

b . (c - 3x + 9dx =z-

2 _E + x + mA a

c. The area of R is just the area under C-area under <2 between c= 2 .S and = 4

Area under [1 Area under [2

C = 12 .33 (from part(all (2+

= z(4 - 3(4 + 9(4) - (72 .3) - 32 .
Sp + 9(2 .5)) -m

= 24 . 8 - 17 . 077 ...

= 7 . 723

. Area R = 12 . 33 - 7 .722M1

=
4 .6 (dp) -A1

www.mymathscloud.com
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Question 5 continued
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___________________________________________________________________________

___________________________________________________________________________
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Question 5 continued
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___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ Q5

(Total 10 marks)
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6. A circle has equation

x2 – 6x + y2 + 8y + k = 0

 where k is a positive constant.

 Given that the x-axis is a tangent to this circle,

 (a) find the value of k.
(3)

 The circle meets the coordinate axes at the points R, S and T.

 (b) Find the exact area of the triangle RST.
(4)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

a. Subbing in y= 0 Lequation of line along aaxis) :

x2 - 6x + 02 + 8x0 + k = 0

x2 6x + k = 0 -M1

Since x-axis is tangent to circle, there must only be 1 solution in 352-6x +k = G

DISCRIMINANT FORMULA

b2 - 4ac = 0 -> Repeated roots

b2 - 4ax > 0 -> Two real roots

b2- 4as O -> No real roots

b2
- 4a = 0

(6)2 - 4(7)(k)= 0 VM

36 - 4k = 0

4k = 36

k = 9 VAL

14

b.

3
⑧ >

h T
S &

b

Ro

Point where circle meets cc-axis (point T = height
- k value from part (a)

x2 - 6x + 9 = 8

(x- 3)3 = 0

x = 3

height = 3 VB1

www.mymathscloud.com
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Question 6 continued
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___________________________________________________________________________

___________________________________________________________________________
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___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

Finding R and Si

Sub in > = 0

02 - -(0) + y2 + y + q = 0

y
2

+ 8y + 9 = 0

(y + 4)2 - 16 + 9 = 0

(y +4) =
7

y + 4 =

y = - 4 = E

R : - 4- S : - 4 +F

Distance between R and S = base

- 4 - V - (- 4 +1) = -2

distance = 2

base = 2

Area of LRST = EX2VEX3
= 3

www.mymathscloud.com



*P65793A02032*
20

 

 

Leave 
blank

Question 6 continued
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Question 6 continued
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___________________________________________________________________________

___________________________________________________________________________
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___________________________________________________________________________

___________________________________________________________________________
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(Total 7 marks)
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7. (a) Given that 
3 log3(2x – 1) = 2 + log3(14x – 25)

  show that
2x3 – 3x2 – 30x + 56 = 0

(4)

 (b) Show that –4 is a root of this cubic equation.
(2)

 (c) Hence, using algebra and showing each step of your working, solve 

3 log3(2x – 1) = 2 + log3(14x – 25)
(4)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

① ②

9 log(ab) = blog(a) loglak) = loga + logb

3 logz(2x-1) = 2 + logz(14x - 25)

310gz(2x-1) = logz(32) + logz(4x-25) 72 can be written as logz (32

① 10g3((2x - 1(3) = logz[9(14x -25))2
(2x- x)) = 9(14x - 25)

8)
3

- 12x2 + 6x - 1 = 12622 - 225

8x3 - 12x - 120 + 224 = 02) = 4

2) - 3x2- 30x + 56 = 0

b. Sub in x = -4 into equation in part (a)

2)-4)3 - 3(-4)2 - 30(- 4) + 36 -M1

=-128 - 48 + 120 +56

= 8 VA1

:. Hence -4 is a root of the equation .

c. Since = -4 is a root , then x + 4 must be a factor. Do algebraic division to obtain the quadratic polynomial

factor of 23 - 3x2 - 30x + 56
vM1

2x2 - 11x + 14 => 2x3 - 3x3- 30x +56 = (x+4)(2x2 - 11x + 74) = 0 VA1
factorise

x +4- 3x2 - 30x + 56 * = (x+ 4)(2x-7)(x-2) 2
vdM1

- (2x3 + 8x2) x + 4 =0 2x - 7 = 0x-2 = 0

- 11x2 - 38x x = - 4 x =Ex = 2

T
- ( -1k32 - 44() Not defined for x= -4

14x + 56 as 310gz (2(4)-1) : c = E , 2: 2 VAL

- (14x + 56) = 310gz(-9)
g g
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Question 7 continued
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Question 7 continued
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Question 7 continued
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(Total 10 marks)
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8.  In this question you must show all stages of your working.

Solutions relying entirely on calculator technology are not acceptable.

 (i) Solve, for  0 < θ < 360°,  the equation 

3 sin (θ + 30°) = 7 cos (θ + 30°)

  giving your answers to one decimal place.
(4)

 (ii) (a) Show that the equation

3 sin3 x = 5 sin x – 7 sin x cos x

   can be written in the form 

sin x (a cos 2 x + b cos x + c) = 0

    where a, b and c are constants to be found.

  (b) Hence solve for  
2 2

π πx−  ! !   the equation 

3 sin3 x = 5 sin x – 7 sin x cos x
(6)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

①
i . tand = sing

COS8

3sin(8 +30% = 7 cos(@ + 30
% )

⑦ +an(0 + 30% = E
0 + 300 = +an

= (z) t0 + 30
%

= 66 . 8
..., 246 . 8 ... = since tan(8+ 30%) is positive , we are interested in the

0 = 36 . 80
,

216 . 80 ⑦ C first and third quadrants (A and T respectively)

so solutions are 66 . 8 and 180 + 66 . 8 = 246 . 8

②
·

i
. a . sin2x = 1-casi

3sin = Ssinz-7sina coss

3sin sin = Ssin-7sina(053

② 3 sin(l-cost) = 5sin-7sinacosas um1

5Sin- Asinacos-3sinc)l-cos2) = O

sinc (5-7c0s - 3 + 3c0s2) = 0

Sinc (3cos= - Foss + 2) = 0 ~A
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Question 8 continued
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b . Using part (a) :

Sinc (3cos2(s -750sx +2)= 0

sinx = 0 factorise
/

3cos22 - 7cos + 2 = 0

x = 0 vB1 (3c0sx -1)((OSx-2) = 0 VM1

3cOS-1 = 0 COS = 2 not possible as cos has range -> to

sos = 1VMT
x = 1. 23 ,

- 1.23 + remember cos is symmetrical across the y-axis.

VA1
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Question 8 continued
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Question 8 continued
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9. 

                                    l cm

h cm

l cm

Figure 3

 Figure 3 shows a sketch of a square based, open top box.

 The height of the box is h cm, and the base edges each have length l cm.

 Given that the volume of the box is 250 000 cm3

 (a) show that the external surface area, S cm2, of the box is given by

S
h

h= +250000
2000

(3)

 (b) Use algebraic differentiation to show that S has a stationary point when h = 250 k 
where k is a rational constant to be found.

(5)

 (c) Justify by further differentiation that this value of h gives the minimum external 
surface area of the box.

(2)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

· Bottom face

· Side fases

a . Remember that box has open top ! So we don't add the area of top face

Since the equation we have to show does not include I , we have to get I in terms of h.

volume = (x)xh

250000 = 13h

1 = 500 VB1

h

surface area is just the sum of areas of faces of cuboid excluding the tap face

Bottom face Side faces
f ↓

S = 12 + 4(n vM1

= (500)2+4(520)
= 230000 + 2000h

h
n
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Question 9 continued
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___________________________________________________________________________

___________________________________________________________________________
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___________________________________________________________________________

S = 250000 + 2000h VATY
M

b. Stationary point is where S = 0

ah
S = 250000 + 2000 h

n

dS = - 250000 + 1000hMT VAL

ah h2

-1/2
- 250000

h2
+ 1000h = OvdM(xh

312
- 250000 + 1000h = 0

3/2
1000h = 250000

3/2
n = 250 ddM1

h = 2502

h = 25833

c. Minimum is when d2S < w

dh2

-1/2
dS = - 250000 + 1000h
dh h2

-3/2
d2S = 500000 - Soon

dh3 h3

subbing in h = 2503

ds =
500000

- 500/250437312
dh2 (250%)3

= 6

: SinceCh = D, n =25 gives the minimum value
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Question 9 continued
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TOTAL FOR PAPER IS 75 MARKS
END
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(Total 10 marks)
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