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Materials For Examiner’'s Use
e You must have the AQA formulae and statistical tables booklet for A-level

Mathematics and A-level Further Mathematics. Question Mark
e You should have a scientific calculator that meets the requirements of the

specification. (You may use a graphical calculator.) 1
e You must ensure you have the other optional Question Paper/Answer Book 2

for which you are entered (either Discrete or Statistics). You will have

2 hours to complete both papers. 3
Instructions 4
e Use black ink or black ball-point pen. Pencil should only be used for drawing. 5
o Fill in the boxes at the top of this page.
e Answer all questions. 6
e You must answer each question in the space provided for that question. 7

If you require extra space for your answer(s), use the lined pages at the end of

this book. Write the question number against your answer(s). 8
¢ Do not write outside the box around each page. TOTAL
e Show all necessary working; otherwise marks for method may be lost.

e Do all rough work in this book. Cross through any work you do not want to
be marked.

Information
e The marks for questions are shown in brackets.
e The maximum mark for this paper is 50.

Advice
e Unless stated otherwise, you may quote formulae, without proof, from the booklet.
e You do not necessarily need to use all the space provided.
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Answer all questions in the spaces provided.
1 A spring has natural length 0.4 metres and modulus of elasticity 55N
Calculate the elastic potential energy stored in the spring when the extension of the
spring is 0.08 metres.
Circle your answer.
[1 mark]
0.176J 0.88J 1.76J
2 A particle has an angular speed of 72 revolutions per minute.
Find the angular speed in radians per second.
Circle your answer.
[1 mark]
67
g 12 24
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A disc, of mass m and radius r, rotates about an axis through its centre, perpendicular

to the plane face of the disc.
The angular speed of the disc is w.
A possible model for the kinetic energy E of the disc is
E = kmrbw¢
where a, b and ¢ are constants and k is a dimensionless constant.

Find the values of a, b and c.

[E] = [Vomv?] = ML?T?

[3 marks]

ml=M []l=1L [w]=T"

ML2T2 = M2 |b (T-I)c = Ma b T

Comparing powers: M. a = |

Turn over for the next question
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4 In this question use g = 10ms—2 box

An inelastic string has length 1.2 metres.
One end of the string is attached to a fixed point O.
A sphere, of mass 500 grams, is attached to the other end of the string.

The sphere is held, with the string taut and at an angle of 20° to the vertical, touching
the chin of a student, as shown in the diagram below.

The sphere is released from rest.
Assume that the student stays perfectly still once the sphere has been released.

4 (a) Calculate the maximum speed of the sphere.
[3 marks]

Height dropped to lowest point: h = 1.2 — 1.2¢0s20° = 1.2(] — c0s20°)

Max speed at lowest point. KE gained = GPE lost:

Yo x 08 xv? =08 x10x 120 — cos20°)

vZ = 1.447...

v = .49497... = 1.203...

Maximum speed = | m s (I s.f, since g = 10)

0 4
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4 (b) Find the maximum tension in the string. box
[3 marks]

Max tension at the lowest point (string vertical, speed greatest).

Resolving vertically, towards 0: T — 0.5 x 10 = 0.5 x v?/|.2

T=S8+0S5 x14497./1.2

T = 5.603..

Maximum tension = 6 N (I s.f.)

4 (c) State, with a reason, whether or not the sphere touches the student’s chin again after

it has been released.
[2 marks]

No, it will not touch her chin again.

Air resistance acts on the sphere, so some energy is lost

and it cannot rise back up to its original position.

Turn over for the next question

Turn over »
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5

5 (a)

5 (b)

The triangular region shown below is rotated through 360° around the x-axis, to form
a solid cone.

X
The coordinates of the vertices of the triangle are (0, 0), (8, 0) and (0, 4).

All units are in centimetres.

State an assumption that you should make about the cone in order to find the position

of its centre of mass.
[1 mark]

The cone is uniform (it has constant density).

Using integration, prove that the centre of mass of the cone is 2cm from its plane

face.
[5 marks]

Line through (0, 4) and (8, 0): y = 4 — lhix

Let density = p. Mass = p x Y4l X 4°> x 8 = 1231p/3

Moments about the y-axis:  (1281p/3) % = [, pmy’x dx
(2871p/3) % = 7p [o% x(4 — Vsx)? dx

1t [o¥ (6x — 4x° + Yix®) dx

wp [8x% = (4/3)x% + (/16)x°]5°

o (SI12 — 2048/3 + 256) - 0

\

\

\

\

256mp/3

(128/3) x = 256/3

X =2

The plane face of the cone lies on the y-axis (x = 0),

so the centre of mass is 2 cm from its plane face, as required.
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5 (c) The cone is placed with its plane face on a rough board. One end of the board is
lifted so that the angle between the board and the horizontal is gradually increased.
Eventually the cone topples without sliding.

5 (c) (i) Find the angle between the board and the horizontal when the cone topples, giving
your answer to the nearest degree.
[2 marks]

Topples when G is vertically above the lowest edge of the base.

G is 2 cm above the base on the axis; base radius = 4 cm

tan o = §/2 = 2

a = 63493..°

63° (nearest degree)

\

04

5 (c) (ii) Find the range of possible values for the coefficient of friction between the cone and
the board.
[3 marks]

The cone does not slide before a = 63.4..° so up to this angle

friction is not limiting: F < pR

R =mgcosa, F=wmgsina

mg sin o < | mg cos a

u>tan a = 2

B> 2

Turn over »
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6 A ball moving on a smooth horizontal surface collides with a fixed vertical wall. o
Before the collision, the ball moves with speed 7ms~" and at an angle of 40° to the
wall.

After the collision, the ball moves with speed 5ms—" and at an angle of 26° to the
wall.

Model the ball as a particle.

6 (a) Find the coefficient of restitution between the ball and the wall, giving your answer
correct to two significant figures.

[3 marks]

Velocity components perpendicular to the wall:

before: 7 sin40° after: S sin26°

Newton's law of restitution: e x 7 sin40° = S sin26°

e = S sin26°/ (7 sing0°)

e = 0.987l...

\

e =049 (2 sf)

0 8
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6 (b) Determine whether or not the wall is smooth. box

Fully justify your answer.
[3 marks]

Velocity components parallel to the wall:

before: 7 cos40° = §.362... = 5.36 m s~

after: S c0s26° = 4.494... = 4.99 m s~

§.36 # 4.99, so the parallel component has been reduced.

A smooth wall exerts no force parallel to it, so this component

would be unchanged if the wall were smooth.

As the parallel components are not equal, the wall is not smooth.

Turn over for the next question

Turn over »
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A particle of mass 2.5 kilograms is attached to one end of a light, inextensible string
of length 75cm. The other end of this string is attached to a point A.

The particle is also attached to one end of an elastic string of natural length 30cm
and modulus of elasticity A N. The other end of this string is attached to a point B,
which is 60 cm vertically below A.

The particle is set in motion so that it describes a horizontal circle with centre B.
The angular speed of the particle is 8rads—?

Find A, giving your answer in terms of g.
[9 marks]

Let © = angle between string AP and the horizontal radius BP.

AP = 0.7S m, AB = 0.6 m vertical, BP horizontal

sin 8 = 0.6/0.75 = 4/S, cos 6 = 3/§

Radius r = BP = 0.75% — 0.6%) = 0.45 m

T, = tension in AP (inextensible), T, = tension in BP (elastic)

Resolving vertically (no vertical acceleration):

T)sin B = 2.5¢
(4/9)T,

Resolving horizontally towards B, acceleration rw?:

259 = T, =25/8

\

T, + T cos B =25 x 045 x 8

T, + (259/8)(3/5) = 72

T, = 72 — 15¢/8

Extension of elastic string = 0.45 — 0.30 = 0.1S m

Hooke's law: T, = A x 0.15/0.3 = \/2

M2 = 72 = 1S9/8

A = 1494 — 1S9/4
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Turn over for the next question

11

stemup.co.uk

Turn over »

Jun19/7367/3M

Do not write
outside the
box


https://stemup.co.uk

12

8 (a)

In this question use g = 9.8ms 2

A ‘reverse’ bungee jump consists of two identical elastic ropes. One end of each
elastic rope is attached to either side of the top of a gorge.

The other ends are both attached to Hannah, who has mass 84 kg

Hannah is modelled as a particle, as shown in the diagram below.

The depth of the gorge is 50 metres and the width of the gorge is 40 metres.
Each elastic rope has natural length 30 metres and modulus of elasticity 3150N
Hannah is released from rest at the centre of the bottom of the gorge.

Show that the speed of Hannah when the ropes become slack is 30ms~—" correct to

two significant figures.
[6 marks]

Initially each rope runs from the top edge down to Hannah:

length = (50> + 20%) = 42900 = $3.85.. m

extension = $§3.8S5... — 30 = 23.835... m

Initial EPE (two ropes) = 2 x 3150 x 23.835..2 / (2 x 30)
= 59735 J

Ropes become slack when each rope is 30 m long:

depth below top = (30° — 20%) = /500 = 22.36... m

height risen = S0 — 22.36... = 27.639... m

GPE gained = 89 x 9.8 x 27.639... = 22753 7

\

Conservation of energy: EPE lost = GPE gained + KE gained

§973S — 22753 = Vp x 34 x v?

36982 = §2v?
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v = 880.5...
v = 29.67...
v=30ms' (2sf) as reguired
8 (b) Determine whether Hannah is moving up or down when the ropes become taut again.

[5 marks]

Once the ropes are slack, only gravity acts on Hannah.

The ropes become taut again when she is 22.36... m above the top:

h = 50 + (30> — 20%) = 72.36... m above the bottom of the gorge.

If the ropes stayed slack, all the initial EPE becomes GPE at the

highest point H: 59735 = 84 x 9.8 x H

H =7256..m

72.36... m < 72.56... m, so the ropes become taut just below

Hannah's highest point, before she has stopped rising.

Hence Hannah is moving upwards when the ropes become taut again.

END OF QUESTIONS

13

stemup.co.uk Jun19/7367/3M


https://stemup.co.uk

14

There are no questions printed on this page
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