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Question 1

MMO5

1 A simple pendulum of length 2 metres is set in motion.

(a)

(i)

(i)

Show that the period of the motion is 2.84 seconds, correct to three significant

figures.

Show that the frequency of the motion is 0.

significant figures.

(2 marks)

352 cycles per second, correct to three
(1 mark)

(b) The length of the pendulum is adjusted so that the period of its motion is 2.5 seconds.

Find the adjusted length of the pendulum. (2 marks)
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Commentary

This question was answered well, with highly accurate and clearly set out responses. The

majority of candidates scored full marks

An exemplary ‘good practice’ response, showing full, clear and accurate working.

Mark scheme

.
1(2)3) | T=2m, |— M1
) ™03
T=283845 T =2284zec Al 2 AG
. 1 .
(i) | f :E:ﬂ.iﬁl cps Bl 1 AG
{
(b) | 25=2n,]|— M1
08
I=1.35 metres Al 2
Total 5
Question 2

2 A particle moves in a straight line with simple harmonic motion such that its displacement at
time ¢ seconds relative to a fixed origin on this line is x metres. The motion of the particle

satisfies the differential equation

d?x

d.“—zl 16x 0

(a) Verify that

x = Acosdt + Bsindt

where 4 and B are constants, is a solution to this differential equation.

(b) When ¢ =0, the particle is momentarily at rest. Show that B = 0.

(c) Given that x =h (h=0) when ¢ % find 4 in terms of A.

(d) Find the maximum speed of the particle in terms of A.

(4 marks)
(1 mark)
(2 marks)

(1 mark)

(¢) The mass of the particle is mkg. Find the magnitude of the maximum force acting on

the particle during the motion. Give your answer in terms of & and m.

(2 marks)
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Commentary

Once again the question was answered well, showing good knowledge and understanding of
this topic. The appropriate techniques were usually applied efficiently to produce correct
solutions.

A very sound response, with an especially well explained and clearly worked out solution.




Mark Scheme

MMO5

2(a) | x=Acosdt + Bsin&s Alt: m +16=0 B1
I=-44sin4t +4Bcosdt B1 m==14i Bl
¥=-16Acos4t —16Bsin 4t Bl x= Acos4r+ Bsin 4t M1

Al
Substitute into x+16x=0 M1
Satisfactory conclusion Al 4
(b) | t=0.x=0: 0=0+4B — B=0 Bl 1 AG
(c) | x=dAcosdr
.in x=h: L*=Acos£ M1
12 3
A=2h Al 2
(d) | x=—8hsmn4t
Max speed =8k ms™ Bl 1
(e) | F=m(-32hcos4r) M1
|Fre| =325m N Al 2
Total 10




Question 3

3 A particle £ moves in a plane so that, at time ¢, its polar coordinates (r, ) with respect to a
fixed origin, O, are given by

9 t
2 g i
m- 6

r=t

(a) Find the radial and transverse components of the velocity of P when ¢t = 3. (4 marks)

(b) Find the radial and transverse components of the acceleration of P when ¢ = 3.

(5 marks)
(¢c) Determine the angle between the acceleration of P and OP when ¢ = 3. (2 marks)
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MMO5
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Commentary

This question was also popular, mostly with careful and accurate use of the relevant
equations governing the motion. There were a few errors in differentiation and algebraic
work, and occasionally inappropriate choice of components in part (c).

This student’s solution shows the most frequent errors in working this question, in both the
differentiation and manipulation of necessary algebra.
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MMO5

Question 4

4 A rocket is launched from the ground so that it travels vertically upwards. The rocket ejects
burnt fuel vertically downwards at a speed of 1400 ms ! relative to the rocket at a constant
rate of 10kgs .

The initial mass of the rocket and its fuel is 1000 kg.

The velocity of the rocket at time ¢ seconds after it is launched is vms~ ! .

It may be assumed that the only external force acting on the rocket is gravity. The
acceleration due to gravity should be taken as constant,

(a) Show that

dv 1400
" 9

—=-98 8 ks)
dr "T00 ¢ (8 marks)
(b) Given that v =0 when ¢t = 0, show that
100 .
v = —9.8¢ 4+ 1400 ]n(lUU :‘) (3 marks)

(¢) When ¢ = 80, the fuel in the rocket has all been bumt. Find the total time taken for
the rocket to reach its maximum height. (4 marks)
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MMO5
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Commentary

This question was less well done, and in particular part (a) proved very challenging, with fully
correct responses in the minority; the most serious error being the omission of the gravity
term. In part (b), the printed result was sometimes obtained erroneously, without the
inclusion of a constant of integration or any equivalent technique. Part (c) was done well by
many, but some failed to appreciate the two separate stages of the motion.

The solution to part (a) shows a lack of understanding of the forces affecting the motion, with
the omission of a vital term. The integration in part (b) is incorrect and working appears to be
directed be the printed result. Part (c) shows a good understanding of the two stages of the
motion.
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4(a) | (m+om)(v+dv)—mv—dm(v-V)=-mgdt | M1A2
mov+omlV =—mgdt
N [
::’mdv_'_i[dm:_mg Ml
dr dr
dm
m =(1000-10¢) —=-10 Bl Bl
dr
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dt
' ¥
d_r, _ 420+9 8¢ Al g
dr 100 —¢
[ 1400-980+9.8¢ 1400
[ - - 98+
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v ef 1400
(h) L] dv= Iu {:9.8 + 100 _f} dr M1 separate variables = integration
T
v=[-98- 14001:.{10{}—:)]0 Al
‘100 1
v=—0E8f+14001n Al 3 AG
[\ 100—¢
(c) | 1=80. v=1469 Bl
0=1469-9 8¢ M1
=150 Al
Total time = 230 sec Al 4
Total 15
Question 5

5 A particle, of mass 2 kg, is suspended from a fixed point @ by a light spring of natural
length 0.5 metres and modulus of elasticity 49 N.

(a)

(b)

(©)
(d)

Initially, the particle hangs at rest in equilibrium below . Find the extension of the
spring in this position. (2 marks)

A force, I newtons, is then applied to the particle in a vertically downwards direction.
The displacement of the particle below its equilibrium position at time ¢ seconds later
is x metres. Given that ' = 12 cosnt, where n is a positive constant, show that

d2x : .
5+ 49x = 6 cos nt (5 marks)
dr-
In the case where n = 5, find an expression for x at time . (10 marks)
State the value of n for which resonance occurs. (1 mark)
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Commentary

Part (a) was completed successfully by most candidates. Part (b) was often successful, with
a common error being the omission of the weight and an incorrect expression for the tension
in the general position; often these two errors cancelled each other out in subsequent
working, leading to an apparently correct solution. The main error in part (c) was to stop
work having found the full general solution and not to evaluate the remaining constants. Part
(d) was not known well.

In this solution, the candidate does not include the weight in the equation of motion in part
(b), and the expression for the tension in the general position is also incorrect. The solution
in part (c) stops when the candidate has found the general solution of the differential
equation, so the full solution including values of constants is not found. The request in part
(d) is not known.
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MMO5
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x=—3A4sin3fr+5Bcosdr Al
¥ =—-254cos5t—25Bsin ¢ Al
Subs:
—25Acos5t —25Bsin 5t +
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1
B=0 Ad=-— Al
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CF.: x=Ccos7t+Dsmn 7t Al
Gen sol: 1=C::0'5?I+Dsin?r+%::osir M1
1 1
t=0,x=0: 0=C+— C=—— Al
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|
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(d) | Resonance occurs whenn =7 Bl 1
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Question 6

06 A smooth circular wire, of radius @ and centre @, is fixed in a vertical plane.
A small smooth bead, P, of mass m, can move freely on the wire.

The bead 15 attached to one end of a light spring, which has modulus of elasticity 4mg and
natural length a. The other end of the spring is attached to 4, the highest point on the wire.

The angle subtended by the spring at () is 28, as shown in the diagram, where 0<0 =

b A

(a) (1) Show that the elastic potential energy stored in the spring in this position is given
by

2mga(2 sinfl 1}2 (3 marks)

(11) The gravitational potential energy is taken to be zero at the level of the lowest
point on the wire. Show that the total potential energy, I, is given by

V = 2mga(3 sin 0 — 4sinfl 4 2) (5 marks)

ib) Find the two values of ¢ for which the bead 1s in equilibrium, giving your answers to
two decimal places. (4 marks)

(c) Determine, for each of these values, whether the bead 1s in stable or unstable
equilibrium. {4 marks)
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Commentary

This question was well done, with, in part (a) in particular, efficient use of a range of
trignometrical techniques to obtain the required expression. Part (b) produced further sound
work, the only disappointment being the use of degrees in solutions. Part (c) was also done
well although there was a tendency for expressions for the second derivative to lose the mga
term and become solely functions of the angle 6.

Part (a) is answered well, with very clear and concise working. Part (b) shows all the correct
techniques until the values of © are given in degrees. Working in part (c) is good but
becomed careless when the candidate loses the mga multiple in the expression to determine
the nature of the equilibrium in the two positions under consideration.
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(a)(i) | Extension 2asin 6 —a Bl
4 2
EPE = —= (2asinf—a) Ml
a
=2mga(2sin@—1)" Al 3 |AG
(ii) | y=acosa=acos(n—28)=—acos26 B1 Alt: APcosff=2asinf cosﬁ=2asiﬂ29 B1
h=a-y=a+acos2f Bl h=2a-2asin’ 8 Bl
V =mga(1+cos28)+2mga(2sin6—1)’ M1 V = mga(2a—2asin® @) +EPE M1
=mga[il+l —25m39+85m39—85m9+2) Al Simplify Al
14 =2rrxga(3sin29—4sm9+ 2} Al 3 AG Al
dv ]
(h) @=2mga(6sm9c059—4c059) M1Al
dv _ .
&):ﬂxfcosﬁ‘:o or 6sind—4=0 ml
ie #=157 or =073 Al 4
dv :
(c) =2mga(3sin26 —4cosd)
do
d’v _
d&; = 2mga(6cos 20 +4sin8) MIAIE OE PE slip
d*v :
#=157, s =—4mga equil unstable Al
8=073. :9‘2’ =6 Tmega equil stable Al 4
Total 16
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