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1 A particle P of mass m is attached to one end of a light inextensible string of length a. The other end of the
string is attached to a fixed point O. The particle P is moving, with negligible air resistance, in a complete
vertical circle with centre O. When P is at its highest point the speed of P is V. The horizontal line CD lies
in the plane of the motion and passes through the lowest point of the circular path of P. Fig. 1 shows the
particle at a point where OP makes an angle 6 with the upward vertical.
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Fig. 1
(i) Show that the least possible value of Vis Vag. 2]

(ii) Given that V' = +/ag, find an expression, in terms of m, g and 6, for the tension in the string when P is
in the position shown in Fig. 1. [6]

Now consider the case V' = +/3ag.

(iii) Find the vertical height of P above CD when the tension in the string is equal to twice its minimum
value. [6]

Suppose now that V' = +/ kag, where k is a positive constant.

The string breaks if the tension in it exceeds 12 mg.

(iv) Find the set of values that k£ can take so that P is able to complete vertical circles. [3]
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a) A moving car experiences a force F due to air resistance. It is known that / depends on a product of
g p p p
powers of its velocity v, its cross-sectional area 4 and the air density p, and is given by

F=1cp™iar,
where C is a dimensionless constant known as the drag coefficient.
(i) Write down the dimensions of force and density. 2]
(i) Use dimensional analysis to find o, 8 and y. [5]
(b)

banked track

horizontal

Fig. 2

A motorcyclist is riding his motorcycle around a circular banked track. The track is banked at an
angle o to the horizontal, where tana = =-. The combined mass of the motorcycle and rider is M kg.
The motion of the motorcycle and rider is modelled as a particle travelling at constant speed in a
horizontal circle, with centre C and radius @ m, on the banked track, as shown in Fig. 2.

(i) Given that there is no tendency for the motorcyclist to slip up or down the slope when his speed is
5{/gms™", show that a = 100. [4]

Suppose now that the coefficient of friction between the motorcyclist and the track is u.

(ii) Given that the maximum constant speed for which motion in the horizontal circle centre C is
possible is 28 ms ', find the value of u. 7]

©OCR 2017 4763/01 Jun17 Turn over
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3 Fig. 3 shows a smooth plane inclined at an angle of 30° to the horizontal. A particle P of mass 3 kg lies on
the plane. One end of a light elastic string, of natural length 2m, is attached to P and the other end is fixed to
a point A. One end of a second light elastic string, of natural length 1m, is attached to P and the other end is
fixed to a point B. Both strings are made from material with modulus of elasticity 12.25N. APB is parallel
to the plane on a line of greatest slope, and the distance AB is 6m.

Fig. 3

The particle P moves along part of the line AB with both strings taut throughout the motion.

(i) Show that, when the extension of the string AP is xm, the tension in the string BP is 12.25(3 —x)N.
Show also that the value of x for which the system is in equilibrium is 1.2. 4]

The particle P is released from rest when AP = 3.35m. At time ¢ s, the displacement of P from its equilibrium
position is y m, measured in the direction AB.

(ii) Show that the motion of P is simple harmonic with equation
d%y
— =—06.125y.
dr? 4
State the period of the motion. [8]
The point C is on the line AB, between A and B, such that AC = 3.1 m.
(iii) Find the speed of P when it is at C. [2]

(iv) Find the time elapsed after its release from rest until P is at C moving up the plane for the first time.

[5]
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4  Fig. 4.1 shows the shaded region R bounded by the curve y = 2x77 for 1 <x < 4, the x-axis and the lines
x=1andx=4.

Fig. 4.1

(i) Find the exact coordinates of the centre of mass of a uniform lamina occupying the region R. [6]

Fig. 4.2 shows the shaded region S bounded by the curve y = 2x77 for 1 <x < 4, the x-axis and the lines
1
x =4 and y = 2x. The line y = 2x meets the curve y = 2x 2 at the point A with coordinates (1, 2).

y
A y =2
24N ;A ...... ST -
T A T N
S y=2x2
T | T T > X
O 1 2 3 4

Fig. 4.2

The region S is rotated through 27 radians about the x-axis to form a uniform solid of revolution.

39
4(1+6In2)’

(You may assume the standard results for the volume and the position of the centre of mass of a uniform
solid cone.) [8]

(ii) Show that the x-coordinate of the centre of mass of this solid is

(iii) The solid is suspended from a point on the circle described by A when S is rotated about the x-axis.

Find the angle between AO and the vertical. [4]

END OF QUESTION PAPER
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Annotation in scoris | Meaning

vand %

BOD Benefit of doubt

FT Follow through

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

A Omission sign

MR Misread

Highlighting

Other abbreviations | Meaning

in mark scheme

El Mark for explaining

Ul Mark for correct units

Gl 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 for GCE Mathematics (MEI) Mechanics strand

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 0
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 Al 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 humerically
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 error made in the accuracy to which working is done or an
answer given. Refer cases to your Team Leader where the same type of error (e.g. errors due to premature approximation
leading to error) has been made in different questions or parts of questions.

There are some mistakes that might be repeated throughout a paper. If a candidate makes such a mistake, (eg uses a
calculator in wrong angle mode) then you will need to check the candidate’s script for repetitions of the mistake and consult
your Team Leader about what penalty should be given.

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
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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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1 (D) Tension (T) at highest point =0 Bl May be implied
) X Without further explanation, g=V?/a is BOEO
(T+Hymg=mV</a: V- =ag El )
But mg=mV~“/a canearn B1E1l
[2]
(i) T 4 M cosd = mv? M1 N2L at P Allow sign errors, sin/cos interchanged
+mg a3 Al Condone use of V for M1A1
%mv2 —%mv2 =mga(l—cos) Xlll Energy equation [ v’ =ag(3—2cosé) ]
- ) 3
T —3mg(L—cos6). Xlll Eliminate v-and use V = Jag Dependent on M1M1
[6]
(iii) 1,1 2
Emv —Em(Bag)zmga(l—cose) M1 [ vi=ag(5-2coséb) ]
Minimum T at highest point: T =2mg Bl
2
Using T= 2x2mg in T+mgcos€=mv M1
a
4mg +mg cosé& =mg(5—2cosH) Al Or %mag (4+cosd)— % m(3ag) = mga(l—coséd)
1
cosf == Al
3
Height = a+acos¢9=4—3‘:JI F1 Dependent on M1ML1; provided cos@ =0, +1
[6]
(iv) Maximum tension, at lowest point, is 12mg B1 Seen or implied
mv? L2 4 2 2 2
T-mg= and $mv° =ZmV°+2mga M1 [ vi=1lag, v'=(k+4)ag ]
a
V?<7ag: k<7
So 1<k <7 Al
[3]
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2./ (@) | (i) | Dimensions of force: MLT™ Bl
Dimensions of density: ML Bl
[2]
(i) | MLTZ=(ML®* (LT (LY M1 Al parts present, dimensions of at least v or A correct
Al ft
Compare powers for at least one dimension M1
l=«
1="Ba+p+2y Al cao | At least two equations correct
2=-
a=1p=2,y=1 Alcao | All correct
. [5]
(©) | () | LetR = normal reaction. B1 ; . %
For vertical equilibrium, Rcosa = Mg Or B2 for mgsina = M- cosa
2
Horizontally, Rsina = Mv [= 25Mg ] Bl Or B2 for a correct triangle showing mg, R and mv?¥/a
a a
. 25
Divide: tana = a_gg M1 Dependent on B2
a=25/tana =100 AG El
f | f A
(ii) | Let F =frictional force . N . .
Vertically: Rcosa = Mg + Fsine M1 All terms present, allow F in wrong direction, sin/cos interchange
Horizontallv: RSing + F Cosg Mv® M1 All terms present, allow F in wrong direction, sin/cos interchange
y: @ @= Al Both resolutions correct
F=uR M1
2 M1 OR: solve for Fand R This M1 is dependent on first two M1M1
_ LV u+tana 2 2
Eliminate Rand F: — =——— Mv . Ve .
ag 1-utana [F= cosax —Mgsina , R= " sina+Mgcosa ]
Solving to obtain p M1 OR: use u =E = 784-98tana Dependent on M4
R 7.84tana+9.8
11 Al cao
=— (=0.458(3
u=o 3) 7
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3.1 (i) Length of BP = 4— X extension 3—X
T, = w —1225(3-%)  AG El
In equilibrium: T, =T, +3gsin30° M1
12.25(3—x) :%wﬁ?g Al
x=12 AG El Solve (or evaluate terms)
[4]
(i) Tension in BP = 12.25(1.8— y) Xlll Hooke's law for one string
Tension in AP = 6.125(1.2+y) Al
T e e M1 Use N2L with at least 3 terms present
Top ~Tap ~MQSIN30" =my 3 Al Allow —-my or ma on RHS
12.25(1.8— y) —6.125(1.2 + ) —?9 —3y Al cao
y=-6.125y El
. 2 4@
Period = =2.53879.... (s Bl Allow —
J6.125 ©) W
(8] Working with x earns max MOM1A1AOEOB1 unless x=1.2+y is
used at some stage
. 2 _ 20,2 \2 _ —_ i
(iii) V2 :6.125(0.152 _0.12) M1 Using v- =w (g y_) or y=acoswt and v=-awsinat
Or energy equation with all terms present
v’ =0.07656: v =0.276699..... Al
[2]
(iv) y =acos ot M1 For y=acosat, y=asinwt, v=(-)awsinot or v=awcoswt
—0.1=0.15c0s+/6.125t Al ft Allow 0.1 and sin or cos; o.e. for v=+0.277
t =0.929(55) Al Any solution; e.g. 0.295, 0.340, 1.564, 1.61, 2.20 seen
When P is moving up the plane, M1 0.6 e.g.3T/4—0.295, T/2+0.340, 5T/4 — 1.564, 3T/2 — 2.20
time = period — t
1.60924...... (5) Al cao
[5]

10
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4.1 (i) 4 4 4 1
szx.Zxo'sdx:[gxl‘s} M1 For | x| 2x 2 |dx
1 1
:§ Al
3
_ h -05 057
A_‘!ZX dx:[4x ]1=4 B1
g=t Al
3
1 e 2 4 1 1 2
T -05 _ . L
Ay—E{(Zx ) dx=[2Inx]; =2In4 M1 For JE(ZX ZJ dx
y=2In4+4=In2 Al Accept 1In4
[6]
(i) Consider solid formed by rotating R:
4 - - -
V= ”I y2dx =87 2 Bl Ft result obtained in (i) x27
1
4 1\2
—_ -1 =
VX :ﬂIx.4x dx M1 For JX[ZX 2} dx
1
- 7;[4x];1 M1 For [4x]
=127
Al For 12z Implied by correct X
- 3
X [ —
2In2
Consider solid formed by rotating line y =2x as cone.
Volume = 4?”: com %from y-axis Bl

11
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Cone Solid from R Whole
Volume gﬂ' 87In2 %ﬂ+87rln 2
Dist. of com 3 3 %
from vertex 4 2In 2
K[ 27 g 2l k3 i 8rin2x M1 Formula for com of composite body
3 3 4 Al ft
> 39
X=-—"
4(1+6In2) El
[8]
OR | Consider as a single object
1 ) 4.1, 4
V=7zjo(2x) dx+;rjl (2x7)*dx=_ 7 +87In2 B1 ft for 8zIn2
_ 1 2 4 Hy2g M1M1A1 for 12z (as above)
VX :”.[o X(2x) X+”.[1 X(2x?)dx=7+127 BLfor £z and x
X=_ 17 M1AL ft
37+8rIn2
> 39
X=—— El
4(1+6In2)
(iii) Find angle between AG and line x =1
tand = XT_l M1 Award M2A2 for other methods (e.g. triangle OAG)
0=23.987724.." Al
Identify required angle as 6 + tan’lé M1
Angle between AO and vertical = 50.552775..° Al cao | Accept0.882 rad
[4]
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General Comments:

The marks on this paper were generally high, with an average mark of about 75%, and a fair
number of candidates scored full marks. The majority of candidates appeared to have sufficient
time to complete the paper, and were able to demonstrate a good understanding of most of the
topics being examined. Questions 2 (on dimensional analysis and motion in a horizontal circle) and
4 (on centres of mass) were answered slightly better than questions 1 (on motion in a vertical
circle) and 3 (on simple harmonic motion).

Comments on Individual Questions:

Q.1()

Q. 1(ii)

Q. 1(ii)

Q.1(iv)

Q-2(a)(i)
Q.2(a)(ii)

Q-2(b)(i)

Q.2(b)(ii)

Q.3()

The least possible speed was almost always derived correctly. As the answer was
given it was of course necessary to give an adequate explanation, and some
candidates failed to do this.

This was answered well, with the conservation of energy and the radial equation of
motion being used to obtain the tension in terms of 6. There were sometimes errors in
the potential energy term, and in the algebra. However, the most common error was to
ignore energy altogether and assume that the motion was at constant speed V(ag).

Most candidates found the minimum tension (at the top of the circle) correctly. It was
then necessary to use the radial equation of motion and the conservation of energy, in
a similar way to part (ii), to obtain the value of 8 and hence the vertical height. Many
candidates managed this successfully, although some assumed that the speed was
constant. Another serious error was to use the formula for the tension obtained in part
(i), not realising that it was no longer valid as the value of V had changed.

Most candidates used the fact that the maximum tension occurred at the lowest point.
Again several assumed that the speed was constant, but the majority used
conservation of energy to obtain the upper limit k < 7. However, the lower limit 1 < k,
which follows from part (i), was usually omitted.

Almost every candidate gave the dimensions of force and density correctly.

The method for finding powers in a formula by dimensional analysis was very well
understood, and usually carried out accurately. There were a few careless arithmetic
and algebraic errors. Some candidates took the dimensions of velocity to be MT™,
presumably because the units of length are metres (m).

This part was quite well answered. The radial equation was usually written correctly;
however, many resolved perpendicular to the track (R = mgcosa) instead of vertically
(Rcosa = mg). Because of the given answer, a full explanation was expected, and
quoting a formula such as tana = v?/(ag) did not earn any marks.

Here it was necessary to consider friction (F) and the normal reaction (R), to resolve
vertically and use the radial equation; and then use F = yR. Many candidates did this
neatly and efficiently, and some eventually arrived at the correct answer after a very
lengthy and complicated piece of algebra. A fairly common error was to assume that
the value of R was the same as that found in part (i). Some candidates had the friction
acting upwards instead of downwards.

This was answered well, and the great majority of candidates obtained the given results
convincingly.
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Q.3(ii)

Q.3(iii)

Q.3(iv)

Q.4()

Q.4(ii)

Q.4(ii)

Many candidates had difficulty expressing the tensions in terms of y, which should have
been simply putting x = 1.2 + y into the expressions used in part (i). The initial value of
X (1.35) often featured in this, even though it is not relevant to finding the equation of
motion. The principles behind forming the equation of motion were well understood and
the correct result was often obtained. However, as this was given on the question
paper, full marks could only be earned by a fully complete and accurate derivation free
from any confusion over signs. The period was almost always given correctly.

Most candidates used the formula v? = w?(A? — y?) to find the speed, although the
values of A and y were often incorrect. Sometimes w = 6.125 was used instead of w? =
6.125.

Most candidates used a displacement-time equation to find a relevant time, with a few
choosing instead to use velocity-time together with the speed from part (iii). Relating
the time they had found to the required time when the particle was first moving upwards
at C proved to be more challenging, but about half the candidates obtained the correct
answer. This part was omitted altogether by about 15% of the candidates.

The method for finding the centre of mass of a lamina by integration was very well
understood, and most candidates obtained the correct coordinates.

Most candidates took the approach suggested in the question, considering a cone (for
which standard results could be quoted) and a solid of revolution (for which the volume
and centre of mass needed to be found by integration), then using the formula for the
centre of mass of a composite body. This was very often completed efficiently and the
given result obtained convincingly. Several candidates considered it instead as a single
solid of revolution with the function defined piece-wise, often successfully. However,
some continued to consider it as a lamina.

This part was omitted by about 10% of candidates. Most candidates recognised that the
angle required was OAG, but the necessary trigonometry caused a lot of difficulty, with
only about half the candidates obtaining the correct answer. The simplest method was
tan"!(¥2)+tan™((x-1)/2) but many preferred to use the sine and cosine rules. A very
common error was to assume that OGA was a right-angle.
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