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FURTHER MATHEMATICS

Paper 2 Mechanics

Time allowed:; 1 hour 30 minutes

Materials

e You must have the AQA Formulae and statistical tables booklet for A-level
Mathematics and A-ievei Further Mathematics.

« You should have a scientific calculator that meets the requirements of the
specification. (You may use a graphical calculator.)

« You must ensure you have the other optional Question Paper/Answer Book
for which you are entered (either Discrete or Statistics). You will have
1 hour 30 minutes to complete both papers.

Instructions

o Use black ink or black ball-point pen. Pencil should only be used for drawing.

e Fill in the boxes at the top of this page.

e Answer all questions.

¢ You must answer each question in the space provided for that question.

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).

Do not write outside the box around each page or on blank pages.

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.
« The maximum mark for this paper is 40.

Advice
o Unless stated otherwise, you may quote formulae, without proof, from the book
s You do not necessarily need to use all the space provided.
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Answer all questions in the spaces provided.

A light spring of natural iength 0.6 metres is compressed to a length of 0.4 metres by

a force of 20 newtons.
The stiffness of the spring is ANm~’
Find k

Circle your answer.

20 50
State the dimensions of force.
Circle your answer.
MLT MI2T MLT—1

F e Ma

dimenscions fpr m= M )
a = LT
-2
*'oma = MLT
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| 3 Use g as 9.8ms 2 in this question. box
; A pump is used to pump water out of a pool.
I
The pump raises the water through a vertical distance of 5 metres and then ejects it
| through a pipe. ’
" |
% The pump works at a constant rate of 400 W ‘
E Over a period of 50 seconds, 300 litres of water are pumped out of the pool and the
| water is ejected with speed vms—!
: The mass of 1 litre of water is 1kg
|
; 3 (a) Find the gain in the potential energy of the 300 litres of water.
Gain in  Potenkal gregy = mgh [1 mark]
T Q00 X 9°8 X3
| L{ o0 T
- 3(b)  Calculate v o !
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4 (a)

4 (b)

A cyclist in a road race is travelling around a bend on a horizontal circular path of
radius 15 metres and is prevented from skidding by a frictional force.

The frictional force has a maximum value of 500 newtons.
The total mass of the cyclist and his cycle is 75 kg
Assume that the cyclist travels at a constant speed.

Work out the greatest speed, in kmh~", at which the cyclist can travel around
the bend.

[4 marks]
pw\:’al bwe = mv
"
Soo = L XN
K9
((Sooxli) - 75\/1
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= —
s Yol
v z 10p '_f)\/::r,_:o = Io
) o= lo pwa s !

Con\scrkmq !Om?{ L= kml-\ra’

/10 X 2609_\ kb~

[o0 0

= (36000 \ = 26

[ooo/

)

- S«ew@u’( flpecJ 2 26 ek

With reference to the surface of the road, describe one limitation of the model.

[1 mark]

/ﬂ:\e voad Sarface may not be unifocm.
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A ball is thrown vertically upwards with speed « so that at time ¢ its displacement s is
given by the formula
NP o
S =ul >

Use dimensional analysis to show that this formula is dimensionally consistent.

Fully justify your answer.

!bf"’wefﬂ P‘mj-”ca’ Quankhhes Joased on Hele unita
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Y
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Turn over for the next question
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6 A ball of mass 0.15kg is hit directly by a vertical cricket bat. box
Immediately before the impact, the ball is travelling horizontally with speed 28ms1
Immediately after the impact, the ball is travelling horizontally with speed 14ms=" in
the opposite direction. ;
6 (a) Find the magnitude of the impulse exerted by the bat on the ball.
[2 marks] ;
Besre Impath |
«28& s 'melu l = My - mu |
” ' "
O [ :(o lelq)-/b 15 % 29
= [ - ?)
=i 1
I Mas g Atk [mpac < ) + 4.2 |
I
= 6 -3 ;
| |
™ ,m,pu\‘.r-e = A « 2 N E
|
6 (b) In a simple model the force, F newtons, exerted by the bat on the ball,  seconds after }
the initial impact, is given by }
F — 10kt (0.05 — {) |
where £ is a constant. |
; Given the ball is in contact with the bat for 0.05 seconds, find the value of &
| |MF lee 0.0¢ 0(( [3 marks]
Uls
okt(p-.0f = )
J R
o & %oo
| 0°s |
iC's 2 rotb—Lo~ot &)At D K= 6 X ¢éoo
i = 32240
o
06§ v
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| 2 - |
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7 (a)

7 (b)

[et

Use g as 9.81ms 2 in this question.

A light elastic string has one end attached to a fixed point A on a smooth plane
inclined at 25° to the horizontal.

The other end of the string is attached to a wooden block of mass 2.5 kg, which rests
on the plane.

The elastic string has natural length 3 metres and modulus of elasticity 125 newtons.

The block is pulled down the line of greatest slope of the plane to a point 4.5 metres
from A and then released.

Find the elastic potential energy of the string at the point when the block is released.

ELq;L‘c Po-l'enka, G—“*'%J (EPE/) o .k\;xl

2

[1 mark] |

(4.5_3) z 1«¢
EPE = gasex(-€)? - 2gr-ay
QX 23 ()
= 46- 8§75 = 46:9
- EPE - §46.97

Calculate the speed of the block when the string becomes slack.
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| 7 (c) Determine whether the block reaches the point A in the subsequent motion,

commenting on any assumptions that you make.

‘ PE 3“;"9" 'f(om 'KP Stk o A - Mﬁ\'\
L= 4.5 gim ag”
= 2. X q-§ x y-£e~ag
= 46.5949 7T
EPE ot et - 4p.-87c T
D 46-£9¢ L 46.87¢

[3 marks]
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8 Two spheres A and B are free to move on a smooth horizontal surface. b
The masses of A and B are 2kg and 3 kg respectively.
Both A and B are initially at rest.
Sphere A is set in motion directly towards sphere B with speed 4ms~" and
subsequently collides with sphere B
g The coefficient of restitution between the spheres is ¢
8 (a) (i) Show that the speed of B immediately after the collision is
8(1+e¢)
5
e - o [4 marks]
P S |
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8 (a) (i) Find an expression, in terms of e, for the velocity of A immediately after the collision.

kW = 8(r1+e [2 marks]
—_
N = -4e + w P V= 4(a-3¢)
A (r+e2 <
5
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e C
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It is given that the spheres both move in the same direction after the collision.
Find the range of possible values of e
[2 marks]
4 ( 2 - 3C> 7 o => 8 7 €
X
5
< €
¥ - 12e 5> o = 7
— ——— r -
S f (¥ € 2,
’ a2
2 7 fe
S S . 0t e <=2,
‘% ! /3
§ e

The impulse of sphere A on sphere Bis /

The impulse of sphere B on sphere A is J

Given that the collision is perfectly inelastic, find the value of / +.J

| . , 1 mark
’ﬂqg |'mruslu o4 A and B s Cg”c‘, 9 masn[;.’:‘ajp]
LI » | . L
OpPOsite i GAiTEChOR:
> . -7
. 1 + T - O

8 (c) (ii) State, giving a reason for your answer, whether the value found in part (¢)(i) would

change if the collision was not perfectly inelastic.

[2 marks]
1 4+ T il st clnonnge because lqu(uJ
cre cQua| Ta Magni’f‘molt. and Q’p’posike
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