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INSTRUCTIONS
* Use black ink. You can use an HB pencil, but only for graphs and diagrams.

» Write your answer to each question in the space provided in the Printed Answer
Booklet. If you need extra space use the lined page at the end of the Printed Answer
Booklet. The question numbers must be clearly shown.

* Fill in the boxes on the front of the Printed Answer Booklet.

* Answer all the questions.

* Where appropriate, your answer should be supported with working. Marks might be
given for using a correct method, even if your answer is wrong.

» Give non-exact numerical answers correct to 3 significant figures unless a different

degree of accuracy is specified in the question.
+ The acceleration due to gravity is denoted by g m s™2. When a numerical value is

needed use g = 9.8 unless a different value is specified in the question.
You can write on this Question Paper but it will not be sent for marking.
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The totalmark for this paper is 100.
. The marks for each question are shown in brackets [].
. This document has 8 pages.

ADVICE
* Readeach question carefully before you start your answer.
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Formulae
A Level Mathematics A (H240)

Arithmetic series
S = %n/\a + e %n"2a+ M- 1hg,

Geometric series

a) - nh

S = 1-r

_ a
Sy = T for [r|1 1

Binomial series

Aa+ bhﬂ — a"+ "C a'b + "Ca” 2b2 +f + ncran- rbr_l_f + bn Ai’l I Nh
where "C, = nC, :?(P O -
rto-
A 1hx2 M 1hf A 1h
- - -r+
Nl =1 4t 2 7 +f 47 3 x'+f Nx[1 1,n1 RN
Differentiation fl
f/xh Ah,
kseckx
tan kx sec x tan x
secx - cosec > x
cot x - cosec x cot
cosecx X
q vdu  dv
. _u v dx-udx
Quotient rule y = ¥, T
Differentiation from first principles
Mh= . fo+hh- fAXh
fl my——————
h
Integration
hdx s
EL Inf Ml + ¢
£h
e
fIA A A
; f1haf™xhk ndX _ E 'Ifa hxk”” ‘e
,u v
Integration by parts %xdx = uv- %xdx
Small angle approximations
sini . i,cosi . 1- %iz, tani . [ where / is measured in radians
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Trigonometric identities
sin4 ! B h=sin 4 cos B! cos 4 siB

cos™ ! Bh= cos A cos B" sin 4 siB

tan™4 !B h= %

1" a4 ' B ! Ak+2h’k

Numerical methods

A A
Trapezium rule: ybydx-lzh— y:}/h nt 2}/ +y, +f+v h

The Newton-Rapflson iteration for solving h=0: Xe | = Xp-
Probabilit
Y Mh+Pagh

P ,Bh=p - PM4+Bh

,, Where

¢ h
i h

"4 + Bh

"AhP"B Ah

M P
P"4+Bh=P | =P"BhPM| BN or pﬁ =—;ﬂL

Standard devnatlon
Nxz /1 Uﬁz
Iy

The binomial distribution

A

IfX+B

n,p

hn_
thenPX A= @00 I-p

Hypothesis test for the mean of a normal distribution

M v h 70, 1h
2 X- )
then X + N% —Band TN

If X+ N
v/vVn

Percentage points of the normal distribution

¥, mean of X is np, variance of X is np™1 - ph

If Z has a normal distﬁ%}ﬁg‘lg&{ith mean 0 and variance 1 then, for each value of p, the table gives the

value of z such that P

pl 0.5 0.90 0.95 0.975 0.99 0.995 | 0.9975 | 0.999 | 0.9995
z | 0.674 1.282 1.645 1.960 | 2.326 | 2.576 | 2.807 | 3.090 | 3.291

Kinematics

Motion inastraight line Motionintwo dimensions

v=u+at v =ut ar

N = ut +1— tz S _a t

s 2Mu vhe 12A v

v ;—a2as

2 = u2+

s=vi- 4 s=vt- Lar’
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4
(a) (i) Express x-6x+11 in the form (x-a)*+b where a and b are constants. [2]
(ii) Hence state the equation of the line of symmetry of the curve y=x>-6x+11. [1]
(b) (i) Find the discriminant of px*+(2p-1)x+p, where p is a constant. Give your answer in
a simplified form in terms of p. [2]
® Given that px*+(2p-1)x+p=0 has equal roots, find the value of p. [2]
(a) A digit sum is the sum of all digits in a number, for example 31 has a digit sum of 4.
A student claims that all two digit prime numbers have a digit sum that is even.
(i) Prove by exhaustion that this is true for all prime numbers between 10 and 20. [3]

(ii) Find a counterexample to disprove that the statement is true for all two digit prime

numbers. 1]
(b) Prove that (2n+5)*-(2n+3)” is always a multiple of 8 for any integer 7. 3]
A
a
O N
b B

The diagram shows the points 4 and B, which have position vectors a and b with respect to an
origin O.

The points C and D have position vectors, with respect to the origin O, such that c=a+3b
and d=3a+b.

(a) Mark and label the points C and D on the diagram in the Printed Answer Booklet. 2]
(b) (i) Find the following vectors. Give your vectors in a simplified form in terms of a and b.
e AB
« DC 131
(ii) Henceexplain why ABCD is a trapezium. 1]
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4 In this question you must show detailed reasoning.
Solve the following equations.
(a) 5e*'=7 2]

(b) log (2x° +27)=1+3log X [4]

10

5 The curve y=ax+bx’ has a gradient of 22 at the point (4, 32).

Determine the values of the constants @ and b. [6]

6 A curve has equation f(x) = x*- 16x.

(a) (i) Find y'fix)dx, where k is a positive constant, giving your answer in terms of &. [3]

Show that y*f(x)dx=0.

k

(i) 1]

(b) Use the result from part (a)(ii) to explain what can be deduced about the curve y = f(x). [1]

(¢) Find the total area enclosed by the curve y=f(x) and the x-axis. [3]

Show that the constant term in the binomial expansion of a3x*> 5 6
7 (a) + 2K is 2160. 3]
X
. . : : ) a x+xks ¢

(b) Find the constant term in the binomial expansion of - [3]
Explain why the constant term in the expansion of a3x 6 5.6 .

(©) your answers to part (a) and part (b). 24 e Vo ;k is not the product of

1]
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8 (a) Figure 1 shows part of the curve y=asinbx, where x is in radians, and @ and b are positive
constants. The maximum point on this part of the curve is at (r, 3).

Figure 1

yll

0 \/ £

(i) State the coordinates of the minimum point on this part of the curve. [2]
(ii) Find the values of a and b. 2]

(b) Figure 2 shows part of a different curve, y = psingx, where x is in radians, and p and g are
positive constants.

Figure 2

yll

0 \/ £
(i) On the copy of Figure 2 in the Printed Answer Booklet sketch the curve y=pcosgx,
for the same domain of x. 2]

(ii) Determine the x-coordinates of the points of intersection of the part of the curve
p p
y=psingx shown in Figure 2 and y=pcosgx. Give your answers in an exact form in
terms of p and/or g. [4]
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9 Scientists are monitoring the population of a colony of seals. A model is suggested for the number
of seals, P, at time ¢ years after the start of the study.

In the model P=180+5¢-145¢™",

(a) Find the initial number of seals. 1]
(b) Find the increase in the number of seals over the first 10 years. 2]
(¢) Determine, using calculus, the maximum number of seals. 5]
(d) Explain what this model predicts will happen in the long term. 1]

. +
10 A curve has equation y = ;14})«)'(-—11*

(a) Find an expression for % [3]

The curve y = %s a stationary point at P.
(b) Show that the x-coordinate of P satisfies the equation x = % [3]

(c) Show by calculation that the equation in part (b) has a root between 1.6 and 1.7. [3]

(d) (i) Use the iterative formula

8x"- 3
= 1,

with a starting value of x;=1.65 to find the value of the x-coordinate of P correct to 3

significant figures. You must show the result of each iteration. [3]
(ii) Hence give the coordinates of P correct to 3 significant figures. 1]

(e) A student draws a diagram to show how the iterative process used in part (d)(i) converges to
the root found.

State the type of convergence shown in the student’s diagram. Give a reason for your answer.

2]

Turn over for questions 11 and 12
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11 In this question you must show detailed reasoning.

(a) Show that tad + coti/ 2cosec2i. [4]
(b) Hencesolvetheequationtan { + coti = 4,for0°'i1360°. (4]
(¢) Giventhatsin2(tin - cot- ) 3,determinethe exact value of cosi . [3]

12 Use integration by parts twice to show that
yre¥sindxhdx (=,
13e (Asin3x+Bcos3x)+ c,

where 4 and B are integers to be determined. [8]

END OF QUESTION PAPER
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