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Booklet. If additional space is required, use the lined page(s) at the end of the Printed
Answer Booklet. The question number(s) must be clearly shown.

You are permitted to use a scientific or graphical calculator in this paper.

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. Unless otherwise instructed, when
a numerical value is needed, use g = 9.8.

INFORMATION

The total mark for this paper is 100.

The marks for each question are shown in brackets [ ].

You are reminded of the need for clear presentation in your answers.

The Printed Answer Booklet consists of 16 pages. The Question Paper consists of
8 pages.
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Formulae
A Level Mathematics A (H240)

Arithmetic series
S = %n(a—i—l) = %n{2a+ (n—1)d}

Geometric series

g :a(l—r)

n 1—r

S ZIL for |r| < 1
oo —r

Binomial series
(@+b)'=a"+"C,a"'b+"C,a" b’ +...+"C,d" b +...+b"  (neN)

where "C = C = [Z] =_n

r n r

n(n—1) 2+m+n(n—1)...(n—r+1)

(14+x)"=1+nx+ T pr xX'+... (xI<1,neR)
Differentiation
f(x) f'(x)
tan kx kseckx
secx secxtanx
cotx —cosec’x
cosecx —cosecxcotx
RN TR
- _u @Y de “dx
Quotient rule y = e 7

Differentiation from first principles
f(x+h) —f(x)

£'(x) = Jim——
Integration

w = In|t(x c
Jf@ dx = In|f(x)|+

Jf’(x)(f(x))n dv="1 ()" e

. dv . | du
Integration by parts Jua dx = uv Jvdx dx

Small angle approximations

. 1 . . .
sin@ =~ 6, cosf =~ 1 — 592, tan® ~ 6 where 6 is measured in radians
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Trigonometric identities
sin(4 + B) = sind cos B+ cos A sin B
cos(4+B) = cosAcos BFsindsinB
_ tan4 ttanB 1
tan(4+B) = 1 FtanAtan B <AiB # (k+ 2)ﬂ>

Numerical methods

Trapezium rule: Lbydx =~ %h{(yo +y)+2(y, +y,+...+y, )}, where h = b=

f(x
The Newton-Raphson iteration for solving f(x) = 0: X, =X, — f’( (x”>)

Probability
P(AUB)=P(4)+P(B)—P(4NB)
P(ANB)

P(B)

P(ANB)=P(4)P(B| 4) = P(B)P(4|B) or P(4|B)=
Standard deviation

[56c-x" [z - [sra=3 [2A

xnx: :—xz or > 7 = Zf—x2

The binomial distribution

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

Hypothesis test for the mean of a normal distribution
X—u
o/vn

2
If X~ N(y, 0 then X ~ N[ﬂ,"—] and N(0,1)
n
Percentage points of the normal distribution

If Z has a normal distribution with mean 0 and variance 1 then, for each value of p, the table gives the
value of z such that P(Z < z) = p.

0.75 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 2326  2.576 | 2.807 3.090 3.291

Kinematics

Motion in a straight line Motion in two dimensions
v=u+at v=u-+ar

s = ut+1at’ s =ut+jar’
SZ%(M-FV)L‘ s=%(u+v)t

2 2
v =u"+2as

12 — vi— Las?
s =Vt 2at S =Vt 2at
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Answer all the questions.
1 In this question you must show detailed reasoning.

Solve the inequality 10x* +x—2 > 0. [4]

2 The point 4 is such that the magnitude of OA4 is 8 and the direction of OA is 240°.
(a) (i) Show the point 4 on the axes provided in the Printed Answer Booklet. [1]

(ii) Find the position vector of point 4.
Give your answer in terms of i and j. [3]

The point B has position vector 6i.
(b) Find the exact area of triangle AOB. [2]
The point C is such that O4BC is a parallelogram.

(¢) Find the position vector of C.
Give your answer in terms of i and j. 2]

3 The function fis defined by f(x) = (x—3)* — 17 for x > k, where k is a constant.

(a) Given that f~'(x) exists, state the least possible value of k. 1]
(b) Evaluate ff(5). [2]
(¢) Solve the equation f(x) = x. [3]

(d) Explain why your solution to part (c) is also the solution to the equation f(x) = £~ (x). [1]

4  Sam starts a job with an annual salary of £16000. It is promised that the salary will go up by the
same amount every year. In the second year Sam is paid £17200.

(a) Find Sam’s salary in the tenth year. 2]
(b) Find the number of complete years needed for Sam’s total salary to first exceed £500000. [4]

(¢) Comment on how realistic this model may be in the long term. 1]

© OCR 2019 H240/01 Jun19
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5 A curve has equation x* —3x*y+)* +1 =0.
dy  6xy—3x?
a) Show that —— = —-. 4
(a) e [4]
(b) Find the equation of the normal to the curve at the point (1, 2). (4]
6 Let f(x) = 2x> +3x. Use differentiation from first principles to show that f'(x) = 6x* +3. [6]

7  In this question you must show detailed reasoning.
A sequence u,, u,, u, ... is defined by u = 25 x 0.6".

00 N
Use an algebraic method to find the smallest value of N such that Z u, — Z u, < 1074, [8]
n=1

n=1

8 Acylindrical tank is initially full of water. There is a small hole at the base of the tank out of which
the water leaks.

The height of water in the tank is xm at time ¢ seconds. The rate of change of the height of water
may be modelled by the assumption that it is proportional to the square root of the height of water.

When ¢ = 100, x = 0.64 and, at this instant, the height is decreasing at a rate of 0.0032ms .

(a) Show that % ——0.004Vx. 2]
(b) Find an expression for x in terms of 7. (4]
(¢) Hence determine at what time, according to this model, the tank will be empty. [2]
9 (a) Express 3cos3x+7sin3x in the form Rcos(3x—a), where R > 0 and 0 < a < %7[ [3]

(b) Give full details of a sequence of three transformations needed to transform the curve y = cosx
to the curve y = 3 cos3x+ 7sin3x. [4]

(¢) Determine the greatest value of 3 cos3x+ 7sin3x as x varies and give the smallest positive
value of x for which it occurs. [2]

(d) Determine the least value of 3 cos3x+ 7sin3x as x varies and give the smallest positive value
of x for which it occurs. 2]
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6 rad
0 6cm B

The diagram shows a sector AOB of a circle with centre O and radius 6 cm.
The angle AOB is 0 radians.
The area of the segment bounded by the chord AB and the arc AB is 7.2cm?.

(a) Show that 6 = 0.4+sin6. [3]
(b) Let F(6) =0.4+sin6.
By considering the value of F’(0) where 6 = 1.2, explain why using an iterative method based
on the equation in part (a) will converge to the root, assuming that 1.2 is sufficiently close to
the root. 2]
(¢) Use the iterative formula 6,

correct to 4 significant figures.
You should show the result of each iteration. [3]

= 0.4+sin6 with a starting value of 1.2 to find the value of 6

(d) Use a change of sign method to show that the value of 6 found in part (¢) is correct to 4
significant figures. [3]
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v

The diagram shows part of the curve y = In(x —4).
(a) Use integration by parts to show that fln (x—4)dx = (x—4)In|x—4|—x+c. [5]
(b) State the equation of the vertical asymptote to the curve y = In(x—4). [1]

(¢) Find the total area enclosed by the curve y = In(x—4), the x-axis and the lines x = 4.5 and
x = 7. Give your answer in the form aln3+5In2+c¢ where a, b and ¢ are constants to be
found. [4]

3x

2
12 A curve has equation y = a™ , where a is a constant greater than 1.

d
(a) Show that ay = 6xa* Ina. 3]

(b) The tangent at the point (1, a°) passes through the point (%, 0).

Find the value of a, giving your answer in an exact form. [4]
%y
(¢) By considering —5 show that the curve is convex for all values of x. [5]
di?
END OF QUESTION PAPER
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