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Duration: 1 hour 30 minutes
Total number of marks: 75

Write your answers on file paper.

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

Final answers should be given to a degree of accuracy appropriate
to the context.



Formulae
A Level Mathematics A (H240)

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

Geometric series

5, - =)
n 1—7

S =+r for|r|<1

© 1]

Binomial series
(@+b)'=a"+"C,a"'b+"C,a"?B*+...4+"C.a" b +...+b" (nE€N)

where " r= C —[ ]

1—1 e nin—1)...(n—r+1)

(14+x) = 1+nx+— T = +... (x<1neR)
Differentiation
f(x) £'(x)
tan kx ksec?kx
secx secxtanx
cotx —cosec’x
cosecx —cosecxcotx
o, dv
. siigr 0Y g
Quotient rule y = o )

Differentiation from first principles

1) = TN =10

Integration

f'(x)
Jf()d, In|f(x)|+¢

[ 0(e0)" ax = 8) ™ +e

. dv du
Integration by parts Iu e dx = uv— Jt . dx

Small angle approximations

. 2 - . .
sin® =~ 0, cosO =~ 1— %9‘, tan @ ~ 6 where O is measured in radians



Trigonometric identities
sin(4 + B) = sinA4 cos B+ cos A4 sin B

cos(4 +B) = cosAcosBFsindsinB

tan4 +tan B

tan(A :tB) = 1¥tanA4tan B

(4£B# (k+ D7)

Numerical methods

a
n

Trapezium rule: f vd.\~—h{( oY) T2ty Ay, ) whereh—b

f(x
The Newton-Raphson iteration for solving f(x) = 0: X, =X, = %
n

Probability
P(4UB)=P(4)+P(B)—P(4NB)
P(4NB)

P(B)

P(4nB)=P(4)P(B|4)=P(B)P(4]|B) or P(4|B)=

Standard deviation
2o _ 3 o [2fa-®_ [ER
p = - -3 o S7 — 57 —

The binomial distribution

If X ~B(n, p) then P(X =x) = [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

If X ~N(yg, 02) then X ~ N[,u, ]and £ _N(0,1)

o/vn
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.

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 2.326 2.576 2.807 3.090 3.291

Kinematics

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

S =ut+ %az‘2 s=uf+ %az‘2

s = %(u +v)t s = %(u+v)r

2 2
v =u"+2as

s = vl‘——%at‘2 s = vl‘—%al‘2



O 2 X
The diagram shows part of the curve y = x*e¢ ™.

. . . . . 2 5
(a) Use the trapezium rule with 4 intervals of equal width to find an estimate for f xPeMdx.
Give your answer correct to 3 significant figures. 0 [4]

(b) Explain how the trapezium rule could be used to obtain a more accurate estimate for

f 2 2 x
, xe dx. [1]
(¢) Explain why it is not clear from the diagram whether the value from part (a) is an
2
under-estimate or an over-estimate for fo x?e *dx. [2]
2.
p=log 16
g =log 25

where a 1s a constant.
Find in terms of p and/or ¢,

(a) log, 256

0y
(b) log, 100

)
(c) log, 80 xlog 3.2

(2

3.
A curve has equation

y3e2x+2y —16x=k
where £ is a constant.
The curve has a stationary point on the y-axis.

Determine the value of &£
[7 marks]



A singer has a social media account with a number of followers. The singer releases a
new song and the number of followers grows exponentially.

The number of followers, F, may be modelled by the formula
F =aekt
where 7 is the number of days since the song was released and a and & are constants.
e Two days after the song is released the account has 2050 followers.
e Five days after the song is released the account has 9200 followers.
On the graph below In F has been plotted against 7 for these two pieces of data.

A line has been drawn passing through these two data points.
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(a) (i) Showthat In F=Ina+kt
[2 marks]

(a) (ii) Using the graph, estimate the value of the constant a and the value of the constant &
[4 marks]
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Figure 4
Figure 4 shows a sketch of the curve C with parametric equations

x=(1+3)? y=1-¢ =2 <t

The point P with coordinates (4, 2) lies on C.

(a) Using parametric differentiation, show that the tangent to C at P has equation

3x+4y =20
)
The curve C 1s used to model the profile of a slide at a water park.
Units are in metres, with y being the height of the slide above water level.
(b) Find, according to the model, the greatest height of the slide above water level.
(¢}
6.
(a) Use a suitable substitution to show that
4 1
jo(4x +1)(2x + 1)2dx
can be written as
1 [ 3 1
2l 2u? —u?|du
where a is a constant to be found.
[5 marks]
(b) Hence, or otherwise, show that

4 1
j (4x+1)2x+1)2dx :%
0 [4 marks]
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The diagram shows the curve with equation y = (x> —2x%)Inx. The curve has a point of inflection
at the point M.

(a) (i) Show that the x-coordinate of M satisfies the equation

o 6+(4—56x)lnx- -

(ii) Use an iterative formula, based on the equation in part (a)(i), to determine the
x-coordinate of M correct to 2 decimal places. Use an initial value of 1.1 and show the
result of each step of the iterative process. [2]

(b) Determine the exact area of the shaded region, giving your answer in the form plng—r,
where p and r are positive rational numbers and ¢ is a positive integer. [6]

A scientist is monitoring the decline in the population of a certain endangered species of animal in
an area where their natural habitat has been damaged.

As a model, the scientist proposes that the rate of decline per year of the population is given by

%PZ, where P is the size of the population ¢ years after the start of the modelling.

(a) Explain how this model gives rise to the differential equation

dr _ 1
ar ~ sl 1]

The scientist notes that at the start of the monitoring the population is 120.

(b) Use the model to determine an expression for P in terms of 7. [4]

(¢) Use the model to determine the time it takes for the population to reach 10. [2]
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Figure 3

In this question you must show all stages of your working.

Solutions relying entirely on calculator technology are not acceptable.

Figure 3 shows a sketch of part of the curve with equation

|

y=8x—x x>0

The curve crosses the x-axis at the point 4.

(a) Verify that the x coordinate of 4 is 4

1)
The line /| is the tangent to the curve at 4.
(b) Use calculus to show that an equation of line / is
12x +y =48
3)
The line /7, has equation y = 8x
The region R, shown shaded in Figure 3, is bounded by the curve, the line /, and
the line /,
(c) Use algebraic integration to find the exact area of R.
S)
Mechanics
10.

A particle P is moving with constant acceleration (—5i+2j)ms 2. At time 7 = 0 seconds, P is at

the origin and has velocity (i+ 3j)ms ™.

(a) Find, in terms of i and j, the displacement of P at time 7 = 2 seconds. [2]

(b) Determine the speed of P at time 7 = 2 seconds. [4]



