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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 pages 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 gms=2. When a numerical value is
needed use g = 9.8 unless a different value is specified in the question.

Do not send this Question Paper for marking. Keep it in the centre or recycle it.

INFORMATION

The total mark for this paper is 100.
The marks for each question are shown in brackets [ ].
This document has 8 pages.

ADVICE

Read each question carefully before you start your answer.
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Formulae
A Level MathematicsA (H240)

Arithmetic series
S, =3 na+1)=3n{2a+(n—1d}

Geometric series

a(1—r"
ST T1or
_a
S.=1-t for |r| < 1

Binomial series
(a+p"=a"+"C d" b+ "C,a" *p*+..+"Ca b +...+8  (neN)

n _ _ n _ n!
where Cf_ncf_[r]_ir!(n—r)!

-1 -1)...(n—r+1
(1+%)" = 1+ nx+ n(nZ' >x2+...+ n(n—1) r,(n ' >xr+... (¥<1,neR)
Differentiation
f(x) f'(x)
tankx kseckx
sexx secx anx
catx —coseéx
cosex —cosex otx
du  dv
Voo — U
- _u dy Tdx “dx
Quotientrule y =, o = 7

Differentiation from first principles

£/(x) = Iimf(x+ h) —f(x)

h h
Integration
t'(x)
= +
Jf(x) dx = In|f(x)|+c

Jf 00 00) =L (160) "+

. dav . . [,du
Integration by parts Ju& dx=w Jvdx dx

Small angle approximations
sine ~ 6, cos6 ~ 1—36°, tano ~ 6 where 6 is measured in radians
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Trigonometric identities
sin(A+ B) = snAcosB+ wsAsinB

cos(A+ B) = cosAcosBF snAsinB
tanA+ tanB
n(A+B)= 1Tt namng  (AEB#(K

Numerical methods

+3) 71')

. (b _b—a
Trapezium rule: L ydx = 5 h{( oY) H2(Y Y, . Y, )} Where h = o
f(x
The Newton-Raphson iteration for solving f(x) = 0: x_,, = X, — f((xn>)
n
Probability
P(AUB) = P(A) + P(B) — P(AN B)
P(ANB) = P(A)P(B|A) = P(B)P(A| B or P(A|B) P(PA(S)B)
Standard deviation
[>(x—%" [3x% Zf x—%) T
n o n X 0O >f

Thebinomial distribution

If X~ B(n, p) then P(X=x) = [Q]px(l— p" %, mean of X isnp, variance of X is np(1— p

Hypothesistest for the mean of a normal distribution

2 _
and—

o/Vn

Per centage points of the normal distribution

If X ~ N(g, 02 then X~ N[,u,

(O’ 1)

If Z has anormal distribution with mean 0 and variance 1 then, for each value of p, the table gives the

value of zsuch that P(Z < 2 = p.

p 0.75 0.90 0.95 0.975 0.99 0.995 | 09975 0999 0.9995
z | 0674 1.282 1.645 1.960 2.326 2.576 2.807 3.090 3.201

Kinematics

Motion in astraight line Motion in two dimensions

v = u+at v =u+at

s= u+zat® s= u+iat®

s=3(u+W)t s=2(u+ )t

V2 = %+ 2as

s=u—zat s=v—zat®
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Answer all the questions.
1 (a) Forasmall angle®, where 6 isin radians, show that 2cos6+ (1— tan6)? ~ 3— 2. [3]

(b) Hence determine an approximate solution to 2cos6 + (1— tan6) 2 = 28 shé. [2]

2 Simplify fully.

@@ VI2axy/3° [2]
(b) (640%)5x (4% * [2]
() 7x9%¥—4x 7% [4]

3 Acylindrical metal tin of radiusr cm is closed at both ends. It has a volume of 16000z cm?®.
(a) Show that itstotal surface area, Acm?, isgiven by A = 2xr? + 32000t . [4]

(b) Use calculus to determine the minimum total surface area of the tin. You should justify that it
isaminimum. [6]

4  Prove by contradiction that there is no greatest multiple of 5. [3]
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The diagram shows points A and B, which have position vectors a and b with respect to an origin O.
P isthe point on OB such that OP : PB = 3:1 and Q is the midpoint of AB.

(@) Find PQ intermsof aand b. [2]

Theline OA is extended to apoint R, so that PQR isastraight line.

(b) Explain why PR=k (2a—b), where k is a constant. [2]
(c) Hence determinetheratio OA : AR. [4]

A mobile phone company records their annual sales on 31% December every year.

Paul thinks that the annual sales, Smillion, can be modelled by the equation S= ab', where a and
b are both positive constants and t is the number of years since 313 December 2015.

Paul tests his theory by using the annual sales figures from 31 December 2015 to 31% December

2019. He plots these results on a graph, with t on the horizontal axis and log, ,S on the vertical

axis.

(&) Explainwhy, if Paul’s model is correct, the results should lie on a straight line of best fit on his
graph. [3]

The results lie on a straight line of best fit which has a gradient of 0.146 and an intercept on the

vertical axis of 0.583.

(b) Usethese valuesto obtain estimates for a and b, correct to 2 significant figures. [2]

(c) Usethismodel to predict the year in which, on the 313 December, the annual sales would first
be recorded as greater than 200 million. [3]

(d) Give areason why this prediction may not be reliable. [1]
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7 Two students, Anna and Ben, are starting a revision programme. They will both revise for
30 minutes on Day 1. Annawill increase her revision time by 15 minutes for every subsequent day.
Ben will increase his revision time by 10% for every subsequent day.

(&) Verify that on Day 10 Anna does 94 minutes more revision than Ben, correct to the nearest
minute. [3]

Let Day X be thefirst day on which Ben does more revision than Anna.
(b) Show that X satisfies the inequality X > log, ,(0.5X+ 0.9 + 1. [3]

(c) Usetheiterativeformula x ., = log,,(0.5x + 0.5+ 1 with x, = 10to find the value of X.

You should show the result of each iteration. [3]
(d) (i) Giveareasonwhy Anna'srevision programme may not be realistic. [1]
(i) Give adifferent reason why Ben's revision programme may not be realistic. [1]
8 (a) Differentiate (2+ 3x?)e* with respect to x. [3]
(b) Hence show that (2+ 3x?)e* isincreasing for all values of x. [4]
9
y
A
@] >

The diagram shows the graph of y ={2x— 3.
(a) Statethe coordinates of the points of intersection with the axes. [2]

(b) Given that the graphs of y =|2x— 3 and y = ax+ 2 have two distinct points of intersection,
determine

(i) theset of possible values of a, [4]

(if) the x-coordinates of the points of intersection of these graphs, giving your answers in
terms of a. [3]
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The diagram showsthe curve y = sin(%\/ X— 1), forl<x<2

o

(&) Userectanglesof width 0.25 to find upper and lower bounds for f 2sin(%\/x— 1)dx. Giveyour

answers correct to 3 significant figures. ! [4]
(b) () Usethe substitution t = vx—1 to show that [ sin(3vx—1)dx= [ 2tsin(3t)ct. 3]
(i) Hence show that flzsin(%\/x—l)dx= 8sins —4cos;. [4]

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

y
4

A

v

0] X

The diagram shows a circle with equation x? + y*—10x— 14y+ 64= (. A tangent is drawn from
the point P(0,2) to meet the circle at the point A. The equation of this tangent is of the form
y = nmx+ 2, where mis aconstant greater than 1.

(@ (i) Show that the x-coordinate of A satisfies the equation (m? + 1) x* — 10(m+ 1) x+40 = C.
[2]

(i) Hence determine the equation of the tangent to the circle at A which passes through P.[4]

A second tangent is drawn from P to meet the circle at a second point B. The equation of this
tangent is of theform y = nx+ 2, where nisaconstant lessthan 1.

(b) Determine the exact value of tan APB. [4]

Find the general solution of the differential equation
(23— 3x*— 1x+ 6)% = y(20x— 35.

Give your answer in the formy = f(x). [9]

END OF QUESTION PAPER
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