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Section A (24 marks)

1 Arocket in deep space has initial mass m, and is moving in a straight line at speed v,,. It fires its engine in
the direction opposite to the motion in order to increase its speed. The propulsion system ejects matter at
a constant mass rate k£ with constant speed u relative to the rocket. At time ¢ after the engines are fired, the
speed of the rocket is v.

d
(i) Show that while mass is being ejected from the rocket, (m, — kt) d_‘t} = uk. [6]

(ii) Hence find an expression for v at time ¢. [5]

2 A light elastic string AB has stiffness k. The end A is attached to a fixed point and a particle of mass m is
attached at the end B. With the string vertical, the particle is released from rest from a point at a distance a
below its equilibrium position. At time ¢, the displacement of the particle below the equilibrium position is
x and the velocity of the particle is v.

(i) Show that

o ,
mvdx—— ) 4]

(i) Show that, while the particle is moving upwards and the string is taut,

v:—J%(az—xz). [5]

(iii) Hence use integration to find an expression for x at time # while the particle is moving upwards and the
string is taut. [4]
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Section B (48 marks)

3 Auniform rigid rod AB of length 2a and mass m is smoothly hinged to a fixed point at A so that it can rotate
freely in a vertical plane. A light elastic string of modulus 4 and natural length @ connects the midpoint of
AB to a fixed point C which is vertically above A with AC = a. The rod makes an angle 26 with the upward
vertical, where 17 < 26 <. This is shown in Fig. 3.

C

Fig. 3

(i) Find the potential energy, V, of the system relative to A in terms of m, 4, a and 6. Show that

dr
a9 2a cos (24 sinf — 2mg sinf — A). (*) 7l

Assume now that the system is set up so that the result (*) continues to hold when 7 < 26 < %n.

(ii) In the case 4 <2mg, show that there is a stable position of equilibrium at & = Sz . Show that there are
no other positions of equilibrium in this case. [9]

(iii) In the case /4 > 2mg, find the positions of equilibrium for %n <20< gn and determine for each whether
the equilibrium is stable or unstable, justifying your conclusions. [7]
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(i) Show by integration that the moment of inertia of a uniform circular lamina of radius a and mass m
about an axis perpendicular to the plane of the lamina and through its centre is %maz. [6]

A closed hollow cylinder has its curved surface and both ends made from the same uniform material. It has
mass M, radius a and height 4.

[6]

a+2h)
at+h)/)’

(ii) Show that the moment of inertia of the cylinder about its axis of symmetry is %Ma2 (
For the rest of this question take the cylinder to have mass 8 kg, radius 0.5m and height 0.3 m.

The cylinder is at rest and can rotate freely about its axis of symmetry. It is given a tangential impulse of
magnitude 55 N's at a point on its curved surface. The impulse is perpendicular to the axis.

(iii) Find the angular speed of the cylinder after the impulse. 13]

A resistive couple is now applied to the cylinder for 5 seconds. The magnitude of the couple is
26* Nm, where 6 is the angular speed of the cylinder in rads~!.

(iv) Formulate a differential equation for 6 and hence find the angular speed of the cylinder at the end of
the 5 seconds. (71

The cylinder is now brought to rest by a constant couple of magnitude 0.03 Nm.

(v) Calculate the time it takes from when this couple is applied for the cylinder to come to rest. 13]
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Annotation in scoris

Meaning

vand x

BOD Benefit of doubt

FT Follow through

ISW Ignore subsequent working
MO0, M1 Method mark awarded 0, 1
A0, Al Accuracy mark awarded 0, 1
BO, B1 Independent mark awarded 0, 1
SC Special case

N Omission sign

MR Misread

Highlighting

Other abbreviations | Meaning

in mark scheme

E1l Mark for explaining

Ul Mark for correct units

G1 Mark for a correct feature on a graph

M1 dep* Method mark dependent on a previous mark, indicated by *
cao Correct answer only

oe Or equivalent

rot Rounded or truncated

SOi Seen or implied

www Without wrong working
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Subject-specific Marking Instructions

a

Annotations should be used whenever appropriate during your marking.

The A, M and B annotations must be used on your standardisation scripts for responses that are not awarded either O
or full marks. It is vital that you annotate standardisation scripts fully to show how the marks have been awarded.

For subsequent marking you must make it clear how you have arrived at the mark you have awarded.

An element of professional judgement is required in the marking of any written paper. Remember that the mark scheme is
designed to assist in marking incorrect solutions. Correct solutions leading to correct answers are awarded full marks but work
must not be judged on the answer alone, and answers that are given in the question, especially, must be validly obtained; key
steps in the working must always be looked at and anything unfamiliar must be investigated thoroughly.

Correct but unfamiliar or unexpected methods are often signalled by a correct result following an apparently incorrect method.
Such work must be carefully assessed. When a candidate adopts a method which does not correspond to the mark scheme,
award marks according to the spirit of the basic scheme; if you are in any doubt whatsoever (especially if several marks or
candidates are involved) you should contact your Team Leader.

The following types of marks are available.

M

A suitable method has been selected and applied in a manner which shows that the method is essentially understood. Method
marks are not usually lost for numerical errors, algebraic slips or errors in units. However, it is not usually sufficient for a
candidate just to indicate an intention of using some method or just to quote a formula; the formula or idea must be applied to
the specific problem in hand, eg by substituting the relevant quantities into the formula. In some cases the nature of the errors
allowed for the award of an M mark may be specified.

A
Accuracy mark, awarded for a correct answer or intermediate step correctly obtained. Accuracy marks cannot be given unless
the associated Method mark is earned (or implied). Therefore MO A1 cannot ever be awarded.

B
Mark for a correct result or statement independent of Method marks.

E
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A given result is to be established or a result has to be explained. This usually requires more working or explanation than the
establishment of an unknown result.

Unless otherwise indicated, marks once gained cannot subsequently be lost, eg wrong working following a correct form of
answer is ignored. Sometimes this is reinforced in the mark scheme by the abbreviation isw. However, this would not apply to a
case where a candidate passes through the correct answer as part of a wrong argument.

When a part of a question has two or more ‘method’ steps, the M marks are in principle independent unless the scheme
specifically says otherwise; and similarly where there are several B marks allocated. (The notation ‘dep *' is used to indicate
that a particular mark is dependent on an earlier, asterisked, mark in the scheme.) Of course, in practice it may happen that
when a candidate has once gone wrong in a part of a question, the work from there on is worthless so that no more marks can
sensibly be given. On the other hand, when two or more steps are successfully run together by the candidate, the earlier marks
are implied and full credit must be given.

The abbreviation ft implies that the A or B mark indicated is allowed for work correctly following on from previously incorrect
results. Otherwise, A and B marks are given for correct work only — differences in notation are of course permitted. A
(accuracy) marks are not given for answers obtained from incorrect working. When A or B marks are awarded for work at an
intermediate stage of a solution, there may be various alternatives that are equally acceptable. In such cases, exactly what is
acceptable will be detailed in the mark scheme rationale. If this is not the case please consult your Team Leader.

Sometimes the answer to one part of a question is used in a later part of the same question. In this case, A marks will often be
‘follow through’. In such cases you must ensure that you refer back to the answer of the previous part question even if this is
not shown within the image zone. You may find it easier to mark follow through questions candidate-by-candidate rather than
guestion-by-question.

Unless units are specifically requested, there is no penalty for wrong or missing units as long as the answer is numerically
correct and expressed either in Sl or in the units of the question. (e.g. lengths will be assumed to be in metres unless in a
particular question all the lengths are in km, when this would be assumed to be the unspecified unit.)

We are usually quite flexible about the accuracy to which the final answer is expressed and we do not penalise over-
specification.

When a value is given in the paper
Only accept an answer correct to at least as many significant figures as the given value. This rule should be applied to each
case.
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When a value is not given in the paper
Accept any answer that agrees with the correct value to 2 s.f.

ft should be used so that only one mark is lost for each distinct accuracy error, except for errors due to premature approximation
which should be penalised only once in the examination.

There is no penalty for using a wrong value for g. E marks will be lost except when results agree to the accuracy required in the
guestion.

Rules for replaced work

If a candidate attempts a question more than once, and indicates which attempt he/she wishes to be marked, then examiners
should do as the candidate requests.

If there are two or more attempts at a question which have not been crossed out, examiners should mark what appears to be
the last (complete) attempt and ignore the others.

NB Follow these maths-specific instructions rather than those in the assessor handbook.
For a genuine misreading (of numbers or symbols) which is such that the object and the difficulty of the question remain
unaltered, mark according to the scheme but following through from the candidate’s data. A penalty is then applied; 1 mark is

generally appropriate, though this may differ for some units. This is achieved by withholding one A mark in the question.

Marks designated as cao may be awarded as long as there are no other errors. E marks are lost unless, by chance, the given
results are established by equivalent working.

‘Fresh starts’ will not affect an earlier decision about a misread.

Note that a miscopy of the candidate’s own working is not a misread but an accuracy error.

If a graphical calculator is used, some answers may be obtained with little or no working visible. Allow full marks for correct
answers (provided, of course, that there is nothing in the wording of the question specifying that analytical methods are
required). Where an answer is wrong but there is some evidence of method, allow appropriate method marks. Wrong answers

with no supporting method score zero. If in doubt, consult your Team Leader.

If in any case the scheme operates with considerable unfairness consult your Team Leader.
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Question Answer Marks Guidance
11 (@) mv=(m+om)(v+ov)+(-om)(v—u) (note Sm<0) M1 | Attempt at momentum equation
Al Condone wrong sign of om
my =my +vom+ mov + omov —vom +uom
w2 smS¥ —0 M1 | Simplify and divide by ot
ot ot
dv dm
m—=—-u—
dt dr
Om __ B1
dr
m =my — kt Bl SOl
(my, —kt)% =uk El All correct including sign of ém
[6]
1 | (ii) uk
dv= dt .
I v jmo y M1 | Separate and integrate
v=—uln(m, —kt)+c Al
t=0,v=v,=>v,=—ulnm,+c M1 | Use condition
c=v,+ulnm, Al
v=v, +uln| o Al | aef
° my —kt
[5]
2 | () Let equilibrium extension be e
mv?zmg—k(m—x) M1 N2L
X
Al All terms correct
At equilibrium, mg = ke B1 oe
So mv% =—kx El With evidence of working
X
[4]
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Question Answer Marks Guidance
2 | (in) jmvdv = I—kxdx M1 | Solutions from SHM acceptable
Imv? =—1k® +c Al
x=a,v=0=0=-1ka’*+c M1
Lmy? =%k(a2 —xz) Al oe
v=-— E(az —xz) El AG Complete argument including justification for square root.
m
(v < 0 when moving up)
[5]
2 | (iii) 1 k .
Iﬁdx = I— —dt M1* | Solutions from SHM NOT acceptable
a®”—x m
arcsin(fj =—\/zt+cz Al
a m
x=a,t=0=>17=c, DM1 | Accept ¢, = arcsin 1
[ k k .
x=asin| 37 —,[—t |=acos| ,|[—t Al | Either form
m m
| [4]
3| () 1=2asin® M1 | OEeg av/2-2cos20
V:%(Zasinﬁ—a)2 Al EPE OE eg 2i(z1r\/2—200529—a)2
a
...+ mgacos 26 M1 | Both terms

Al | GPE OE eg mgasin(;z —260)

%:—ngasin 20+£(2asin9—a)-2acos€ M1 | Differentiate
a
=—4mgasin 6cosé + 21acos 6(25in (7 —1) M1 Use trigonometric identities as necessary
=2ac0s6(2AsinO —2mgsinf — 1) El
[7]
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3 | (i
i o-1r=9 _0x(.)=0 M1
de
hence equilibrium El
d’v : . . o _
W=—ZaSIHQ(ZﬂSInH—ngSInH—ﬂ) M1 | Here or in (iii) or use sign method
Al
+2acos@(24cos6 —2mgcos)
d’v . .
O=ir=—=-2a(2A-2mg—-A) M1 | Use V" or equivalent method
deo
d’v
So /1<2mg:>d—02>0:>stable El
If cos@=0
dv . .
—=0<24sin0—-2mgsind—-1=0
dé
. A . .
<sinf=_——— M1 | Consider other solutions
24 -2mg
But 1<2mg=21-2mg<A
=sing>1orsind<0 M1 | Attempt at showing not valid
So no valid solutions El Must consider both ends
[9]
3 | (iii) If A>2mg,0=1r as before Bl
V' < 0so0 unstable Bl
or sin@d =
24 —-2mg El
and § < 5;5,- <1 so gives valid solution El
0 =sin (%) or m—sin™(5%) B1 | For both
and V" =0+ 2acos’ 0(21—2mg) M1
=(+ve)(+ve) so stable (in both cases) Al
[7]
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Question Answer Marks Guidance
4| (i) SI =2xrérpr’ B1
p=—" B1
wa
_[Mm :
L _'([Zaz rdr ML | for k[r®dr
ZiFfT ML | &[] with limits
24° 14 |, 47 D
Al | ta*
=lma El
2
_ [6]
4 | (i) I =ma’ M1 | Curved surface 2nhpa®
+ 1ma® x2 M1 | Combine + Lpmax2
2
m= M# Bl m=npa’
27wa’ + 2mwah
27ah
= 27a® + 2rwah " r
2 4 3
So 1= Ma?| 2L 2Tl M1 | Substitute [=p P 2
2ra” +2rwah 2npa” + 2mpah
IziMaZ(“Zhj E1
2 a+h
[6]
4 | (iii
(i) r=1i8x05 0'5+0'6):1.375 B1
2 0.5+0.3
I(w-0)=Ja M1 Impulse/momentum
1.3750=55x%x0.5
w=20rads™ Al
[3]




June 2012

4764 Mark Scheme
Question Answer Marks Guidance
4 | (iv ) :
) 139 _ o B1
dt
j1.375 62d6 = _[—2 de M1 | Separate
—1'3% =-2t+c M1 Integrate
Al
t=0,0=20= c=-0.06875 M1 | Use condition
t=5=> —1'?’%: —-10-0.06875 M1
= 60=0.137 (3sf) Al
[7]
4 | (v -0.137
) I( ; j:—0.03 M1 | Complete method
Al with correct acceleration (or both sides +ve)
t=6.26s Al awfw [6.25, 6.3] CAO
[3]
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OCR Report to Centres — June 2012

4764 Mechanics 4

General Comments

The performance of the candidates was generally very good, as is usual on this paper. Most
candidates showed good knowledge of the techniques and concepts examined. The standard of
presentation was very high, though many candidates did not give sufficient intermediate steps
when working towards a given answer.

Comments on Individual Questions

1)

2)

3)

(i)

(ii)

(i)

(iii)

(i)

(ii)

(iii)

(Variable mass — Rocket in deep space)

Almost all candidates knew to consider momentum-impulse and knew the basic
technique. However, the detail was not often well-understood; many candidates took
om > 0 and worked with the rocket’'s mass changing from m to m — édm rather than
either using dm < 0 and the mass changing to m + ém or using |6m)|.

This was very well answered in general, with only a few candidates making errors in
their integration or subsequent manipulation.

(Variable force)

This was not well answered by the majority of candidates; many ignored the
presence of gravity and/or neglected to take into account the tension in the string at
the equilibrium point.

The solution required a relatively simple separation of variables and was well
answered by the majority of candidates, including reasonable descriptions of why the
negative root is chosen.

Some candidates approached this from SHM or by energy considerations, which was
acceptable in this part.

Most candidates understood which form of Newton’s second law was required here.
Those that recognised, or looked up, the relevant integral to get arcsine tended to get
full marks.

Since the question asked specifically for candidates to integrate, marks were not give
for solutions based on energy or SHM considerations.

(Equilibrium)
This type of question was obviously familiar to most candidates and they performed
the necessary trigonometry and calculus with accuracy.

The idea that dV/d@ = 0 at a point of equilibrium was well understood, as was the
process of deciding on stablilty by using the second derivative of V. Most candidates
found it difficult to explain why there were no other points of equilibrium and most
failed to cover all the possibilities.

Most candidates stated that 6 = 17/2 was still a point of equilibrium, but many
candidates did not realise that they needed to reconsider whether or not it was still
stable.

Dealing with the other two points was found to be difficult by most, in particular very
few candidates checked that the value of sin@ was valid, and most did not find the
second solution in the domain. The manipulation to show the stability of these two
solutions was quite tricky, but some candidates were able to do so with great skill.

29
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4) (Rotation)

(i)  The proof of this standard result about discs was well done by the majority of
candidates. Some chose to take the mass per unit area to be 1, but only those that
did so explicitly were awarded full marks.

(i)  Many candidates found this question very difficult. In general, the expressions for the
mass or moment of inertia of the ends and the curved surface were found, but the
necessary manipulation to eliminate the mass per unit area, or to deal with the
masses as proportions of the whole mass, was not well done.

(iii)  This was well answered by the majority of candidates. Some neglected the factor of
0.5 for the impulse, but all incorrect values were followed through into the next part.

(iv) Many candidates had the sign of the couple as positive rather than negative here,
which meant that they had the wrong differential equation to start with. However,
those that could get started on the integrals could generally make their way through
to a correct answer.

(v) Those candidates that attempted this part generally answered it very well, but many
did not get this far through Q4.

30
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4762/01 (M2) MEI Mechanics 2 Raw 72 65 58 51 44 38 32 0
UMS 100 90 80 70 60 50 40 0
4763/01 (M3) MEI Mechanics 3 Raw 72 67 63 56 50 44 38 0
UMS 100 90 80 70 60 50 40 0
4764/01 (M4) MEI Mechanics 4 Raw 72 63 56 49 42 35 29 0
UMS 100 90 80 70 60 50 40 0
4767/01 (S2) MEI Statistics 2 Raw 72 66 61 55 49 43 38 0
UMS 100 90 80 70 60 50 40 0
4768/01 (S3) MEI Statistics 3 Raw 72 65 58 51 44 38 32 0
UMS 100 90 80 70 60 50 40 0
4769/01 (S4) MEI Statistics 4 Raw 72 63 56 49 42 35 28 0
UMS 100 90 80 70 60 50 40 0
4772/01 (D2) MEI Decision Mathematics 2 Raw 72 62 56 50 44 39 34 0
UMS 100 90 80 70 60 50 40 0
4773/01 (DC) MEI Decision Mathematics Computation Raw 72 52 46 40 34 29 24 0
UMS 100 90 80 70 60 50 40 0
4777/01 (NC) MEI Numerical Computation Raw 72 63 55 47 39 32 25 0
UMS 100 90 80 70 60 50 40 0

Unit level raw mark and UMS grade boundaries June 2011 series: GCE 2
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