AQY/

Teacher Support Materials

Maths GCE

Paper Reference MMO05

Copyright © 2008 AQA and its licensors. All rights reserved.
Permission to reproduce all copyrighted material has been applied for. In some cases, efforts to contact copyright holders have
been unsuccessful and AQA will be happy to rectify any omissions if notified.

The Assessment and Qualifications Alliance (AQA) is a company limited by guarantee registered in England and Wales (company number
3644723) and a registered charity (registered charity number 1073334). Registered address: AQA, Devas Street, Manchester M15 6EX.
Dr Michael Cresswell, Director General.



MMO05

Question 1

1 A particle moves with simple harmonic motion along a straight line. Its maximum speed is
. . . . )
4ms~ ! and its maximum acceleration is 100 ms ™2 .
. .. 2n
(a) Show that the period of motion is Pon seconds. (4 marks)
J

&

(b) Find the amplitude of the motion. (1 mark)

Student Response

Script not available

Commentary

This script is typical of those who did not use simple algebra to find w.

Instead of using v = wa to obtain 4 = wa,
and maximum acceleration = «fa to obtain 100 = «/a , then dividing to find w= 25, many

calculations were used before eventually achieving @ = 25.
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MMO5
Q Solution Marks | Total Comments
1(a) | Maximum speed = wa=4 Bl
Maximum acceleration = @’a =100 Bl
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. ,. 2m
Period is —
@

2 L
= 2—: Al 4 AG:; needs to use a justified =25
. .4
(b) | Amplitude is ‘)—im Bl 1

Total 5




Question 2

MMO05

2 A simple pendulum consists of a particle, of mass m, fixed to one end of a light, inextensible
string of length /. The other end of the string is attached to a fixed point. When the
pendulum is in motion, the angle between the string and the downward vertical is 0 at time ¢.

The motion takes place in a vertical plane.

(a) Show, using a trigonometrical approximation, that for small angles of oscillation the

motion of the pendulum can be modelled by the differential equation

d2o
-5y

dr? /

(4 marks)

(b) The pendulum has length 0.5 metres. The pendulum is released from rest with the

. T .
string taut and at an angle of 200 to the vertical.

(i) Given that 0 = Acoswi, find the values of 4 and .

(ii) Find the maximum speed of the particle in the subsequent motion.

(3 marks)

(3 marks)
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Commentary

This script shows parts (a) and (b) (i) answered correctly.

In part (b) (ii), the candidate found the maximum angular velocity, not the maximum speed
which the question required.

The formula used, vi.x = aw needed a to be the maximum displacement for the pendulum
(where a = Al) rather than the maximum angular displacement which was A.

Mark Scheme
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Question 3

3 A uniform rod, 04, of length 3a and mass 2m, is freely pivoted at O. A light, inextensible
string, of length 10a, is attached to the rod at 4 and passes over a tixed, smooth peg at B, a
distance 3a vertically above 0. A particle, P, of mass m, is attached to the other end of the
string. The angle between the rod and the vertical is 20, as shown in the diagram.

(a) Show that the total potential ecnergy of the system, I, is given by

V' = 6mga cos ) — Tmga — 3mga cos 20

where gravitational potential energy is taken to be zero at O. (5 marks)
(b) Find the two values of 0, 0 < 0 < for which the system is in cquilibrium. (6 marks)
(c) Determine the stability of cach position of equilibrium. (4 marks)
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Commentary

This example shows a candidate spending considerable time and effort instead of thinking
and then using a more suitable approach as outlined in the Examiners Report.

in order to find AB, the candidate used the cosine rule in triangle OAB, and then took more
time to simplify +/18 +18co0s28 into 6¢cos 6.




Mark Scheme

MMOS (cont)

Q Solution Marks | Total Comments
3(a) | AB = Gacosd MIAL
Potential energy, below O, of rod is
q
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Potential energy, below O, of particle 1s
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Question 4

4 A particle of mass m is moving along a smooth wire that is fixed in a plane. The polar
equation of the wire is r = a? . The particle moves with a constant angular velocity of 6.
At time ¢ = 0, the particle is at the point with polar coordinates (a,0).

(a) Find the transverse and radial components of the acceleration of the particle in terms of
(10 marks)

a and 1.
(b) The resultant force on the particle is F.

Show that the magnitude of F, at time ¢, is 360mac!dt (4 marks)
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Commentary

This script shows a concise and accurate solution to the problem asked.

Mark Scheme
MDMOS (cont)
Q Marks | Total Comments
4(a) | r=ge*
7 =3ae*d M1
P =9ae™8" MI
Since 8 =0, Bl Blford =0
7 =18ae* Al
¥ =324ae* Al
Since & is a constant. &= 6t B1
and & =0 whenr=
Transverse acceleration is 276 + 78 M1
= 216ge'™ Al
Radial acceleration is 7 — 7@
=324ae'™ — 360’ Mi
= 288ae™ Al 10
(b) | Using F = ma,
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Question 5a

5 The ends of a light, uniform elastic string are fixed to two points, 4 and B, a distance 9a
apart on a smooth, horizontal plane. The string is of natural length 6« and modulus of
clasticity 4mn’a, where n is a constant.

A particle of mass m is attached to the string at P, where AP = 6a. The natural length of AP
is 4a and the natural length of BP is 2a. In this position, the particle is in equilibrium.

P
A | B

6a 3a

The particle is moved a distance %a towards B and then released from rest at time ¢t = 0.
The displacement of the particle from its equilibrium position at time ¢ is x. Hence initially

X = —l—%a.

The motion of the particle is resisted by a force of magnitude 2mnv, where v is the speed of
the particle at time ¢.

(a) Show that x satisfies

dz» x
F; 1 2nd—: +3n%x =0 (7 marks)
(b) Given that n = 1, find x in terms of ¢ and ¢. (8 marks)
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Commentary

A number of candidates ‘invented’ the answer given to part (a). This example shows a
candidate who uses the extensions to be x in both strings, rather than the correct 2a + x in
string AP and a — x in string BP. The candidate ignored the fact that the two tensions were
acting in opposite directions to enable him to arrive at the correct answer as printed.
Naturally such methods are not accepted and are penalised.
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Question 6

6 A large snowball, which may be modelled as a uniform sphere of radius », moves with
speed v down a slope inclined at 307 to the horizontal. The snowball picks up snow at a rate

proportional to both its speed and its mass, m, and hence it may be assumed that — = kmv

at time ¢, where & is a constant.
You should ignore any rotational motion of the snowball.

(a) MNeglecting any resistance forces acting on the snowball, show that
dv
EI b 2ky? = g (4 marks)

(b} Using the identity

dv B de  dv dv

= p—

& A d e

where x is the distance travelled by the centre of the snowball, show that the
differential equation in part (a) can be written as

d
21Jd—= g 2kv? (1 mark)

ic) Attime t=0,v=0and x=10.

Solve the differential equation in part (b) to find v2 as a function of x. (6 marks)

(d} Whent=0,v =0 and x =0, the radius of the snowball is ;’—melre.

(i) Show that »3 = Cef | where C is a constant to be determined. (3 marks)

(1) Find, in terms of g and k, the speed of the snowball when its radius 1s 1 metre.
(2 marks)
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Commentary

This script shows good practice, using of a small element of time, &, when using work done

equals change in momentum in part (a). The use of % = vﬂ caused no problems in part
4

dx
(b).

To avoid problems with J.Lz dv the candidate used l'[ v 5 dv to obtain
g—2kv 27 &y

lln(g— kv*). The simpler conversion of J.LZ dv = L iz dv leading to

2 2 g—2kv 2k g —2kv

— Lln(g —2kv®)+ c was rarely seen.

Many candidates gave the result of jz—;W dv immediately to be _ZLkln(g —2kv*)+c.
g p—
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LY

Q Solution Marks | Total Comments
6(a) | Change in linear momentum =
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MMOS (cont)
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