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1 A particle of mass 2kg is attached to one end of a light inextensible string of length 0.6 m. The other
end of the string is attached to a fixed point on a smooth horizontal surface. The particle is moving in a

circular path on the surface. The tension in the string is 20N.

Find how many revolutions the particle makes per minute. [3]
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2 Alight elastic string has natural length @ and modulus of elasticity 4 mg. One end of the string is fixed

to a point O on a smooth horizontal surface. A particle P of mass m is attached to the other end of the
string. The particle P is projected along the surface in the direction OP. When the length of the string is

%a, the speed of P is v. When the length of the string is %a, the speed of P is %v.

(a) Find an expression for v in terms of ¢ and g. [4]
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A smooth cylinder is fixed to a rough horizontal surface with its axis of symmetry horizontal. A uniform
rod 4B, of length 4a and weight W, rests against the surface of the cylinder. The end 4 of the rod is in
contact with the horizontal surface. The vertical plane containing the rod AB is perpendicular to the
axis of the cylinder. The point of contact between the rod and the cylinder is C, where AC = 3a. The

angle between the rod and the horizontal surface is 6 where tan6 = % (see diagram). The coefficient of
friction between the rod and the horizontal surface is g.

A particle of weight kW is attached to the rod at B. The rod is about to slip. The normal reaction between
the rod and the cylinder is V.

(a) Show that N = =(1+2k). [2]
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(b) Find the value of £. [5]
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4 A particle of mass 0.5kg moves along a horizontal straight line. Its velocity is vms ' at time s. The
forces acting on the particle are a driving force of magnitude 50N and a resistance of magnitude 2v>N .
The initial velocity of the particle is 3ms ™.

(a) Find an expression for v in terms of ¢. [7]
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5 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 string is held taut with OP horizontal. The particle P

is projected vertically downwards with speed 4/ %ag and starts to move in a vertical circle. P passes
through the lowest point of the circle and reaches the point O where OQ makes an angle 6 with the
downward vertical. At Q the speed of P is v/ kag and the tension in the string is lé—lmg.

(a) Find the value of £ and the value of cos6. [4]
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At Q the particle P becomes detached from the string.

(b) In the subsequent motion, find the greatest height reached by P above the level of the lowest point
of the circle. [4]

© UCLES 2022 9231/31/0/N/22 [Turn over



M.Shafig ur Rehman (03247304567) Aitchison College

10

Two uniform smooth spheres A and B of equal radii have masses m and km respectively. The two
spheres are moving on a horizontal surface with speeds « and %u respectively. Immediately before the
spheres collide, A4 is travelling along the line of centres, and B’s direction of motion makes an angle o

with the line of centres (see diagram). The coefficient of restitution between the spheres is % and
_3

tana = 7.

After the collision, the direction of motion of B is perpendicular to the line of centres.

(a) Find the value of £. [4]
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7 A particle P is projected with speed ”ms ' at an angle 75° above the horizontal from a point O on a
horizontal plane. It then moves freely under gravity.

(a) Show that the total time of flight, in seconds, is %sin 75°. [2]

A smooth vertical barrier is now inserted with its lower end on the plane at a distance 15 m from O. The
particle is projected as before but now strikes the barrier, rebounds and returns to O. The coefficient of

restitution between the barrier and the particle is %

(b) Explain why the total time of flight is unchanged. [1]
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(¢) Find an expression for V in terms of g. [7]
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shown.

© UCLES 2022 9231/31/0/N/22



M.Shafig ur Rehman (03247304567) Aitchison College

15

BLANK PAGE

© UCLES 2022 9231/31/0/N/22



M.Shafig ur Rehman (03247304567) Aitchison College
16

BLANK PAGE

Permission to reproduce items where third-party owned material protected by copyright is included has been sought and cleared where possible. Every
reasonable effort has been made by the publisher (UCLES) to trace copyright holders, but if any items requiring clearance have unwittingly been included, the
publisher will be pleased to make amends at the earliest possible opportunity.

To avoid the issue of disclosure of answer-related information to candidates, all copyright acknowledgements are reproduced online in the Cambridge
Assessment International Education Copyright Acknowledgements Booklet. This is produced for each series of examinations and is freely available to download
at www.cambridgeinternational.org after the live examination series.

Cambridge Assessment International Education is part of Cambridge Assessment. Cambridge Assessment is the brand name of the University of Cambridge
Local Examinations Syndicate (UCLES), which is a department of the University of Cambridge.

© UCLES 2022 9231/31/0/N/22



M.Shafiqg ur Rehman (03247304567) Aitchison College
Cambridge Assessment
P International Education

Cambridge International AS & A Level

FURTHER MATHEMATICS 9231/31
Paper 3 Further Mechanics October/November 2022
MARK SCHEME

Maximum Mark: 50

Published

This mark scheme is published as an aid to teachers and candidates, to indicate the requirements of the
examination. It shows the basis on which Examiners were instructed to award marks. It does not indicate the
details of the discussions that took place at an Examiners’ meeting before marking began, which would have
considered the acceptability of alternative answers.

Mark schemes should be read in conjunction with the question paper and the Principal Examiner Report for
Teachers.

Cambridge International will not enter into discussions about these mark schemes.
Cambridge International is publishing the mark schemes for the October/November 2022 series for most

Cambridge IGCSE™, Cambridge International A and AS Level components and some Cambridge O Level
components.

This document consists of 12 printed pages.

© UCLES 2022 [Turn over



M.Shafiq ur RehmaBéO 247304567&?&%@3% College

9231/31 Cambridge International AS & A Level — Mark Scheme tober/Novem

PUBLISHED
Generic Marking Principles

These general marking principles must be applied by all examiners when marking candidate answers. They should be applied alongside the specific content of the
mark scheme or generic level descriptors for a question. Each question paper and mark scheme will also comply with these marking principles.

GENERIC MARKING PRINCIPLE 1:

Marks must be awarded in line with:

e the specific content of the mark scheme or the generic level descriptors for the question

o the specific skills defined in the mark scheme or in the generic level descriptors for the question
e the standard of response required by a candidate as exemplified by the standardisation scripts.

GENERIC MARKING PRINCIPLE 2:
Marks awarded are always whole marks (not half marks, or other fractions).

GENERIC MARKING PRINCIPLE 3:

Marks must be awarded positively:

e marks are awarded for correct/valid answers, as defined in the mark scheme. However, credit is given for valid answers which go beyond the scope of the
syllabus and mark scheme, referring to your Team Leader as appropriate

marks are awarded when candidates clearly demonstrate what they know and can do

marks are not deducted for errors

marks are not deducted for omissions

answers should only be judged on the quality of spelling, punctuation and grammar when these features are specifically assessed by the question as
indicated by the mark scheme. The meaning, however, should be unambiguous.

GENERIC MARKING PRINCIPLE 4:
Rules must be applied consistently, e.g. in situations where candidates have not followed instructions or in the application of generic level descriptors.

GENERIC MARKING PRINCIPLE 5:
Marks should be awarded using the full range of marks defined in the mark scheme for the question (however; the use of the full mark range may be limited
according to the quality of the candidate responses seen).

GENERIC MARKING PRINCIPLE 6:
Marks awarded are based solely on the requirements as defined in the mark scheme. Marks should not be awarded with grade thresholds or grade descriptors in
mind.
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Mathematics Specific Marking Principles

1 Unless a particular method has been specified in the question, full marks may be awarded for any correct method. However, if a calculation is required
then no marks will be awarded for a scale drawing.

2 Unless specified in the question, answers may be given as fractions, decimals or in standard form. Ignore superfluous zeros, provided that the degree of
accuracy is not affected.

3 Allow alternative conventions for notation if used consistently throughout the paper, e.g. commas being used as decimal points.

4 Unless otherwise indicated, marks once gained cannot subsequently be lost, e.g. wrong working following a correct form of answer is ignored (isw).

5 Where a candidate has misread a number in the question and used that value consistently throughout, provided that number does not alter the difficulty or
the method required, award all marks earned and deduct just 1 mark for the misread.

6 Recovery within working is allowed, e.g. a notation error in the working where the following line of working makes the candidate’s intent clear.
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Mark Scheme Notes

The following notes are intended to aid interpretation of mark schemes in general, but individual mark schemes may include marks awarded for specific reasons
outside the scope of these notes.

Types of mark

M Method mark, awarded for a valid method applied to the problem. Method marks are not 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, e.g. by substituting the relevant quantities into the formula. Correct application of a formula
without the formula being quoted obviously earns the M mark and in some cases an M mark can be implied from a correct answer.

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).

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

DM or DB  When a part of a question has two or more ‘method’ steps, the M marks are generally independent unless the scheme specifically says otherwise;
and similarly, when there are several B marks allocated. The notation DM or DB is used to indicate that a particular M or B mark is dependent on
an earlier M or B (asterisked) mark in the scheme. When two or more steps are run together by the candidate, the earlier marks are implied and full
credit is given.

FT Implies that the A or B mark indicated is allowed for work correctly following on from previously incorrect results. Otherwise, A or B marks are
given for correct work only.

e A or B marks are given for correct work only (not for results obtained from incorrect working) unless follow through is allowed (see abbreviation FT above).

e For a numerical answer, allow the A or B mark if the answer is correct to 3 significant figures or would be correct to 3 significant figures if rounded (1
decimal place for angles in degrees).

e  The total number of marks available for each question is shown at the bottom of the Marks column.

e Wrong or missing units in an answer should not result in loss of marks unless the guidance indicates otherwise.

e  Square brackets [ ] around text or numbers show extra information not needed for the mark to be awarded.
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Abbreviations

AEF/OE Any Equivalent Form (of answer is equally acceptable) / Or Equivalent
AG Answer Given on the question paper (so extra checking is needed to ensure that the detailed working leading to the result is valid)
CAO Correct Answer Only (emphasising that no ‘follow through’ from a previous error is allowed)

CwoO Correct Working Only

ISW Ignore Subsequent Working
SOl Seen Or Implied
SsC Special Case (detailing the mark to be given for a specific wrong solution, or a case where some standard marking practice is to be varied in the

light of a particular circumstance)
WWW  Without Wrong Working

AWRT  Answer Which Rounds To
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Question Answer Marks Guidance
1 2 M1
Use F = ma: 20 = 2(’)‘:3’ OR 20=2x0.60
V2 =6 OR o =2 Al
3
ALFT | 38.9848....
Number of revolutions per min = 60v OR 600
0.6x2n 21
s0 39(.0) revolutions
3
Question Answer Marks Guidance
2(a) Loss in KE = Gain in EPE, so B1 | EPE terms correct.
2 2 2
lmv2 —lm y =Ex4ﬂ la - Ea M1 | All 4 terms and no extras.
2 2 \2 2 a 2 4
§mv2 _ 4mg xiaz M1 | Simplify.
a 16
v’=ag, v=.fag Al
4
2(b M1
(b) Hooke’s law: tension = 4mg x%a (= 2mg)
Al | Accept -2g.
Acceleration = 2mg =29 pt-=9
m
2
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Question Answer Marks Guidance
3(a) Let F and R be friction and normal reaction at A M1 | Correct terms, allow sign errors and cos/sin mix.
Take moments about A, for rod
N x3a=W x 2acosé&+kW x4acosé
Al | At least one intermediate line of working.
3N=(2+4k)W><g g
N =W (1t 2) AG
15
2
3(b) TNcosd+R=W +kw B1 | Resolve (to include R) for rod.
. B1 | Both.
—F =Nsing and F:%R ©
M1 | Find R or N .
so R= §W(1+ 2k) or R= ﬁw (1+k)
75 45
Eliminate to find k M1 | Complete method.
(-1 AL
3
5
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4(a Bl | N2L
@) mdY _50_2y2 ﬂ=4(25_\,2)
dt dt
M1 | Separate variables and use partial fractions.
Lt it Gv-Tadt P P
10 5-v 5+v
1 M1 Al | Integrate into log terms.
E(_In(S_V) +In(5+v))=4t+A (Note: formula on MF19).
. M1 | Use initial condition.
Use t=0,v=3 to give A:iln4
10
M1 | Rearrange to make v the subject.
=t 2tV leading to DAV _ o g J
10 4(5-v) 20— 4v
5(4-e ") Al
7
4(b) As t—>oo,v—5 Bl
1
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Question Answer Marks Guidance
5(a B1 | Energy equation.
@) Lo -l o mgacos & gy €
2 2
1
[kag = éag +2ag cos@}
B1 | N2L at B.
T-mg cosg =12
a
So 1—1mg -mg cosezm.kag , 1—1—cos¢9= k
6 a 6
Solve simultaneously. M1
Al | Both.
k= ﬂ cosf = 1 0
3 2
4
5(b) Initial speed T=/kag sin& Bl
2
Use v2 =u® + 2as: Oz( kagsine) —2gs M1
1 Al
s==a
2
ALFT
Height above lowest point = s+a—acosé = %a+a—%a= a
4
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6(a) Let speed of A after collision be — v, and speed of B M1
perpendicular to line of centres be v
Along line of centres: mu — kmgu Cosa =mv, Momentum.
5 M1 | NEL
NEL: O-v, =e gu cosa +U
5 2(5 M1 | Solve.
So u——kucosa =——=| =u cosa +U
8 3(8
Substitute for cos, to give k=4 Al
4
6(b) 5 . 3 B1
Ve =gtistna = U Velocity perpendicular to line of centres
Vy,=-U B1FT
1 1 5\ 1 o5 a1 M1 | NOTE: KE before and after for A is unchanged.
KE before = Zmu? +=km| =u | ==mu® + =mu? = —mu?
2 2 8 2 32 32
L L 1 5 Both.
KE after = =mv,? + =kmvg® = =mu?® + omy? = 22
2 2 2 64 32
Al
Loss= mu?[ 2222 L2
32 32) 2
4
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7(a . M1
@) TO=Vsm75t—%gt2
t=&sin 75° AL AG
g
2
7(b) Vertical component of velocity is unchanged. B1
1
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7(c) . 15 B1
Horizontally to wall, —»15=V cos75t;| t =
Vcos75
eVvcos75 B1 | Speed after rebound.
15 M1 | Time back to O
eVcos75 (t _3 Tj
5
Vertically for whole flight: M1
t+T = ﬁsin 75°
g
15 15 AT Al
+ =—3sIin75°
Vcos75 eVcos75 g
V2 ¢0os75sin 75 = 20g M1
Multiply by 2: V2sin150=40g, V?=80g Al
V =459(=894,g)
7
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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 string is held taut with OP making an angle o with the

downward vertical, where coso = % The particle P is projected perpendicular to OP in an upwards

direction with speed +/3ag. It then starts to move along a circular path in a vertical plane.

Find the cosine of the angle between the string and the upward vertical when the string first becomes
slack. [4]
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A uniform lamina is in the form of a triangle ABC in which angle B is a right angle, 4B = 9a and
BC = 6a. The point D is on BC such that BD = x (see diagram). The region ABD is removed from the
lamina. The resulting shape ADC is placed with the edge DC on a horizontal surface and the plane ADC
is vertical.

Find the set of values of x, in terms of a, for which the shape is in equilibrium. [6]
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3 One end of a light elastic string, of natural length ¢ and modulus of elasticity 13—6Mg, is attached to a

fixed point O. A particle P of mass 4M is attached to the other end of the string and hangs vertically in
equilibrium. Another particle of mass 2M is attached to P and the combined particle is then released

from rest. The speed of the combined particle when it has descended a distance %a isv.

Find an expression for v in terms of g and a. [6]

© UCLES 2022 9231/32/0/N/22



M.Shafig ur Rehman (03247304567) Aitchison College

© UCLES 2022 9231/32/0/N/22 [Turn over



M.Shafig ur Rehman (03247304567) Aitchison College

4  Anparticle P of mass 5kg moves along a horizontal straight line. At time ¢s, the velocity of P is vim s

and its displacement from a fixed point O on the line is xm. The forces acting on P are a force of

magnitude @N in the direction OP and a resistive force of magnitude %va. When ¢ =0, x =0 and
v=>35.
(a) Find an expression for v in terms of x. [6]

© UCLES 2022 9231/32/0/N/22



M.Shafig ur Rehman (03247304567) Aitchison College

© UCLES 2022 9231/32/0/N/22 [Turn over



M.Shafig ur Rehman (03247304567) Aitchison College

8

5  Anparticle P is projected with speed ums ' atan angle of 6 above the horizontal from a point O on a
horizontal plane and moves freely under gravity. The horizontal and vertical displacements of P from O
at a subsequent time ¢s are denoted by xm and ym respectively.

(a) Show that the equation of the trajectory is given by

x2

y:xtane—%(l+tan29). (4]
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In the subsequent motion P passes through the point with coordinates (30, 20).

(b) Given that one possible value of tan6 is %, find the other possible value of tan6. [5]
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A light inextensible string is threaded through a fixed smooth ring R which is at a height 4 above a
smooth horizontal surface. One end of the string is attached to a particle 4 of mass m. The other end

of the string is attached to a particle B of mass %m. The particle A moves in a horizontal circle on the
surface. The particle B hangs in equilibrium below the ring and above the surface (see diagram).

When A4 has constant angular speed w, the angle between AR and BR is 6 and the normal reaction
between A4 and the surface is N.

When 4 has constant angular speed %a), the angle between AR and BR is o and the normal reaction
between A4 and the surface is %N .

(a) Show that cosf = %cosa. [5]
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Two uniform smooth spheres 4 and B of equal radii have masses m and %m respectively. The two

spheres are moving on a horizontal surface when they collide. Immediately before the collision,
sphere 4 is travelling with speed u and its direction of motion makes an angle o with the line of centres.
Sphere B is travelling with speed 2u and its direction of motion makes an angle 8 with the line of

centres (see diagram). The coefficient of restitution between the spheres is % and o+ = 90°.

(a) Find the component of the velocity of B parallel to the line of centres after the collision, giving
your answer in terms of « and o. [4]
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The direction of motion of B after the collision is parallel to the direction of motion of 4 before the
collision.
(b) Find the value of tanc. [5]
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Generic Marking Principles

These general marking principles must be applied by all examiners when marking candidate answers. They should be applied alongside the specific content of the
mark scheme or generic level descriptors for a question. Each question paper and mark scheme will also comply with these marking principles.

GENERIC MARKING PRINCIPLE 1:

Marks must be awarded in line with:

e the specific content of the mark scheme or the generic level descriptors for the question

o the specific skills defined in the mark scheme or in the generic level descriptors for the question
e the standard of response required by a candidate as exemplified by the standardisation scripts.

GENERIC MARKING PRINCIPLE 2:
Marks awarded are always whole marks (not half marks, or other fractions).

GENERIC MARKING PRINCIPLE 3:

Marks must be awarded positively:

e marks are awarded for correct/valid answers, as defined in the mark scheme. However, credit is given for valid answers which go beyond the scope of the
syllabus and mark scheme, referring to your Team Leader as appropriate

marks are awarded when candidates clearly demonstrate what they know and can do

marks are not deducted for errors

marks are not deducted for omissions

answers should only be judged on the quality of spelling, punctuation and grammar when these features are specifically assessed by the question as
indicated by the mark scheme. The meaning, however, should be unambiguous.

GENERIC MARKING PRINCIPLE 4:
Rules must be applied consistently, e.g. in situations where candidates have not followed instructions or in the application of generic level descriptors.

GENERIC MARKING PRINCIPLE 5:
Marks should be awarded using the full range of marks defined in the mark scheme for the question (however; the use of the full mark range may be limited
according to the quality of the candidate responses seen).

GENERIC MARKING PRINCIPLE 6:
Marks awarded are based solely on the requirements as defined in the mark scheme. Marks should not be awarded with grade thresholds or grade descriptors in
mind.
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Mathematics Specific Marking Principles

1 Unless a particular method has been specified in the question, full marks may be awarded for any correct method. However, if a calculation is required
then no marks will be awarded for a scale drawing.

2 Unless specified in the question, answers may be given as fractions, decimals or in standard form. Ignore superfluous zeros, provided that the degree of
accuracy is not affected.

3 Allow alternative conventions for notation if used consistently throughout the paper, e.g. commas being used as decimal points.

4 Unless otherwise indicated, marks once gained cannot subsequently be lost, e.g. wrong working following a correct form of answer is ignored (isw).

5 Where a candidate has misread a number in the question and used that value consistently throughout, provided that number does not alter the difficulty or
the method required, award all marks earned and deduct just 1 mark for the misread.

6 Recovery within working is allowed, e.g. a notation error in the working where the following line of working makes the candidate’s intent clear.
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Mark Scheme Notes

The following notes are intended to aid interpretation of mark schemes in general, but individual mark schemes may include marks awarded for specific reasons
outside the scope of these notes.

Types of mark

M Method mark, awarded for a valid method applied to the problem. Method marks are not 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, e.g. by substituting the relevant quantities into the formula. Correct application of a formula
without the formula being quoted obviously earns the M mark and in some cases an M mark can be implied from a correct answer.

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).

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

DM or DB  When a part of a question has two or more ‘method’ steps, the M marks are generally independent unless the scheme specifically says otherwise;
and similarly, when there are several B marks allocated. The notation DM or DB is used to indicate that a particular M or B mark is dependent on
an earlier M or B (asterisked) mark in the scheme. When two or more steps are run together by the candidate, the earlier marks are implied and full
credit is given.

FT Implies that the A or B mark indicated is allowed for work correctly following on from previously incorrect results. Otherwise, A or B marks are
given for correct work only.

e A or B marks are given for correct work only (not for results obtained from incorrect working) unless follow through is allowed (see abbreviation FT above).

e For a numerical answer, allow the A or B mark if the answer is correct to 3 significant figures or would be correct to 3 significant figures if rounded (1
decimal place for angles in degrees).

e  The total number of marks available for each question is shown at the bottom of the Marks column.

e Wrong or missing units in an answer should not result in loss of marks unless the guidance indicates otherwise.

e  Square brackets [ ] around text or numbers show extra information not needed for the mark to be awarded.
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Abbreviations

AEF/OE Any Equivalent Form (of answer is equally acceptable) / Or Equivalent
AG Answer Given on the question paper (so extra checking is needed to ensure that the detailed working leading to the result is valid)
CAO Correct Answer Only (emphasising that no ‘follow through’ from a previous error is allowed)

CwoO Correct Working Only

ISW Ignore Subsequent Working
SOl Seen Or Implied
SsC Special Case (detailing the mark to be given for a specific wrong solution, or a case where some standard marking practice is to be varied in the

light of a particular circumstance)
WWW  Without Wrong Working

AWRT  Answer Which Rounds To

© UCLES 2022 Page 5 of 15



M.Shafiq ur RehmaBéO 247304567&@&%@3% College

9231/32 Cambridge International AS & A Level — Mark Scheme tober/Novem
PUBLISHED
Question Answer Marks Guidance
1 . m Bl | N2L
When string goes slack, mg cos 5 = gvz' v* =ag cos May include T, but B1 not awarded until T = 0.
B1 | Energy equation.
%m.Sag —%mv2 =mg(acosa +acos ) gy ed
, 2 M1 | Combine.
So u“ —agcos B =2ag cosﬂ+§
T ag Al
cosf = 3" - §
3ag 9
4
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2 .
Area Distance from AB
ABC 273> 2a
ABD gaX 1X
2 3
> 9 -
Shape ADC 27a —Eax X
Taking moments about AB M1 | Moments equation with 3 terms.
= 9 9 1
XX (2732 —Eaxj = 27a° ><2a—5ax><§x Al | At least 2 terms correct.
543° _3 ax? Al | All correct.
X = 2
9
27a% — ~ax
2
For equilibrium, x<X, B1 | Use correct condition: allow strict inequality.

3 9 Can be implied by correct final answer x <3a.
54a3 —Eax2 > x(Z?a2 —Eaxj

54a% —27ax+3x% >0 M1 | Simplify and attempt to solve a quadratic inequality or equation.
(x—3a)(x—6a)>0

(0<) x<3a [only] Al | CAO
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2 Alternative method for question 2
Taking moments with B as origin. M1

K=%(O+x+6a):2a+%x A2

N _ 1 B1 | Allow strict inequality.
For equilibrium, x<X, so x<2a+§x

(0<) x<3a M1

Al
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3 B1
16 Mge 3
In equilibrium, 3 =4Mg, e=—-a
a 4
In subsequent motion, M1 | Energy equation with GPE and KE terms correct and at least one
Loss in GPE = gain in EPE + gain in KE EPE term.
Dimensionally correct.
2 Bl | EPE correct.
_GMgazz.Em.[az_(%j }A.GW
4 23 a 4 2 Al | All correct.
M1 | Attempt to find v in terms of a and g.
3Mga _8Mg 7 2y amv? etc P J
2 3a 16
Al
9 _3e, V:L/ga
3 3
6
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Question Answer Marks Guidance
4(a) y dv 500 1V2 B1 | Sight of mor 5 is required.
dx v 2
10v2dv M1 | Separate variables and attempt to integrate into a log term.
1000-Vv®
10 3\ Al
—Eln(1000—v )=x(+A)
10 M1 | Evaluate constant: correct initial condition used.
x=0,v=5, A=—§In875
10 0 875 M1 | Make v the subject: correct use of logs.
~ 3 1000-V°
1 Al 1
V= [(1000 —875e 0% J3 V= 5[(8 - 7e’°"°’x]3 : A0 if e"terms.
6
4(b) Maximum value of v is 10 B1 | No FT: result can be found from initial equation.
1
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5(a) — X=ucosot B1 | Result quoted from MF19 scores 0/4.
Bl
T y=usin6’t—%gt2
2 M1
Eliminate t: y=usin@x X —lg X
cosd 2\ ucosé
gx? Al | Must be an intermediate line of working.
y:xtana—F(HtanZ@) AG
u
4
5(b) 4 302 42 M1 | Substituting values correctly.
20=30x—--10x—x l+(—j
3 2u 3
u® =625, [u=25] Al
Substitute back into trajectory equation, M1 | Obtain a 3-term quadratic.
2
20 =30tan &— 9302 sec’9=30tan 0—§(1+tan20 )
2.25 5
18tan®6 —75tan & + 68 = 0
M1
One solution is % (3tano—4)(6tand-17)=0
Al
Giving tanezg
6
5
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6(a B1 | May be implied.
(@) T-5mg y be imp
7
TSinHZerOZ =mhtan @ x a)2 B1 | Allow r for radius.
Radius of circle = htan@ Bl
[So »? :6—90059]
7h
.9 , 6g M1 | Second scenario, equivalent result .
In second scenario, —®” = —C0S«
4 7h
Al | Combine convincingly to obtain given result.
Equate, 6—gcos€:ﬂx6—gcosa giving tad g
7h 9 7h
cosf = gcow AG
5
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6(b) First scenario: N +T cos&=mg
.1 B1 | Both.
Second scenatrio, > N +Tcosa=mg
6 12 M1 | 12cosax—6c0s@=7
Equate: mg —Z mg cos @ = 2mg —7mg cosa
Al
cosq =—
Al
N==-mg
4
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7(a) Let v,w be speeds of A and B along line of centres after collision M1

1 1
mv-+ EmW: mucosa —Em.Zu cos S Momentum: masses correct, opposite signs on RHS.

w—v=e(2ucos f+ucosa) M1 | NEL: LHS signs must be consistent with momentum equation,
same sign for both terms on RHS.

a+ =90° socos f=sinx M1 | Solve to find an expression of the correct form.
Use this fact and solve to find w

2 (1. 13 Al
W=—U| —sina +—cos«
3 \4 8
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7(b) Perpendicular to line of centres, speed of B is Bl

2usin f=2ucosa

After, velocity of B makes angle « with line of centres, so B1

2ucosa
tana =

w

sina 2ucosa giving M1* | Obtain homogeneous equation in cos and sin or an equation in tan
cosa 2 (1 . 1 j

—u| =sina +=—cosa

3 4

2 1,. 2 13 . DML1 | Obtain quadratic and solve to find values of tana
3(cosar) =Z(sma) +§smacosa

2(tana)’ +13tanar —24=0, (2tane —3)(tana +8)=0

3 Al
tana =—
2
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7.5N

A particle of weight 10N is attached to one end of a light elastic string. The other end of the string is
attached to a fixed point 4 on a horizontal ceiling. A horizontal force of 7.5 N acts on the particle. In the
equilibrium position, the string makes an angle 0 with the ceiling (see diagram). The string has natural
length 0.8 m and modulus of elasticity SON.

(a) Find the tension in the string. [2]
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4

2 One end of a light inextensible string of length « is attached to a fixed point O. A particle of mass m is
attached to the other end of the string. The particle is held at the point 4 with the string taut. The angle

between OA and the downward vertical is equal to o, where coso = %. The particle is projected from 4,

perpendicular to the string in an upwards direction, with a speed /3ga. It then moves along a circular
path in a vertical plane. The string first goes slack when it makes an angle 6 with the upward vertical
through O.

Find the value of cos6. [5]
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3 Anparticle P is moving in a horizontal straight line. Initially P is at the point O on the line and is moving

with velocity 25ms~'. At time ¢ s after passing through O, the acceleration of P is %ms_2 in
t

the direction PO. The displacement of P from O at time # is x m.

Find an expression for x in terms of 7. [5]
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An object is composed of a hemispherical shell of radius 2a attached to a closed hollow circular
cylinder of height / and base radius a. The hemispherical shell and the hollow cylinder are made of the
same uniform material. The axes of symmetry of the shell and the cylinder coincide. AB is a diameter
of the lower end of the cylinder (see diagram).

(a) Find, in terms of @ and %, an expression for the distance of the centre of mass of the object from AB.

[4]
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The object is placed on a rough plane which is inclined to the horizontal at an angle 6, where tan6 = %
0

The object is in equilibrium with AB in contact with the plane and lying along a line of greatest slope of
the plane.

(b) Find the set of possible values of /4, in terms of a. [4]

© UCLES 2022 9231/32/M/1/22 [Tlll‘ll over



M.Shafig ur Rehman (03247304567) Aitchison College

A light inextensible string AB passes through two small holes C and D in a smooth horizontal table
where AC = 3a and DB = a. A particle of mass m is attached at the end 4 and moves in a horizontal

circle with angular velocity @. A particle of mass %m is attached to the end B and moves in a horizontal

circle with angular velocity kw. AC makes an angle 6 with the downward vertical and DB makes an
angle 6 with the horizontal (see diagram).

Find the value of £. [7]

© UCLES 2022 9231/32/M/1/22



M.Shafig ur Rehman (03247304567) Aitchison College

© UCLES 2022 9231/32/M/1/22 [Turn over



M.Shafig ur Rehman (03247304567) Aitchison College

10

6 Two uniform smooth spheres 4 and B of equal radii have masses m and km respectively. The two
spheres are on a horizontal surface. Sphere A4 is travelling with speed u towards sphere B which is at
rest. The spheres collide. Immediately before the collision, the direction of motion of 4 makes an angle

o with the line of centres. The coefficient of restitution between the spheres is %

(a) Show that the speed of B after the collision is 31,(110 ?l-slf)( and find also an expression for the speed of
A along the line of centres after the collision, in terms of &, # and c. [4]
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After the collision, the kinetic energy of 4 is equal to the kinetic energy of B.

(b) Given that tana = %, find the possible values of . [5]
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7  Particles P and Q are projected in the same vertical plane from a point O at the top of a cliff. The
height of the cliff exceeds S0 m. Both particles move freely under gravity. Particle P is projected with

speed %m571 at an angle a above the horizontal, where tana = %. Particle Q is projected with speed
ums ' atan angle B above the horizontal, where tan 8 = % Particle Q is projected one second after the

projection of particle P. The particles collide 7's after the projection of particle Q.

(a) Write down expressions, in terms of 7, for the horizontal displacements of P and Q from O when
they collide and hence show that 4uT = 21v/5(T+1). [4]
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(b) Find the value of 7. [4]

© UCLES 2022 9231/32/M/1/22



M.Shafig ur Rehman (03247304567) Aitchison College

14
Additional page

If you use the following page to complete the answer to any question, the question number must be clearly
shown.
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Generic Marking Principles

These general marking principles must be applied by all examiners when marking candidate answers. They should be applied alongside the specific content of the
mark scheme or generic level descriptors for a question. Each question paper and mark scheme will also comply with these marking principles.

GENERIC MARKING PRINCIPLE 1:

Marks must be awarded in line with:

e the specific content of the mark scheme or the generic level descriptors for the question

e the specific skills defined in the mark scheme or in the generic level descriptors for the question
e the standard of response required by a candidate as exemplified by the standardisation scripts.

GENERIC MARKING PRINCIPLE 2:
Marks awarded are always whole marks (not half marks, or other fractions).

GENERIC MARKING PRINCIPLE 3:

Marks must be awarded positively:

e  marks are awarded for correct/valid answers, as defined in the mark scheme. However, credit is given for valid answers which go beyond the scope of the
syllabus and mark scheme, referring to your Team Leader as appropriate

marks are awarded when candidates clearly demonstrate what they know and can do

marks are not deducted for errors

marks are not deducted for omissions

answers should only be judged on the quality of spelling, punctuation and grammar when these features are specifically assessed by the question as
indicated by the mark scheme. The meaning, however, should be unambiguous.

GENERIC MARKING PRINCIPLE 4:
Rules must be applied consistently, e.g. in situations where candidates have not followed instructions or in the application of generic level descriptors.

GENERIC MARKING PRINCIPLE 5:
Marks should be awarded using the full range of marks defined in the mark scheme for the question (however; the use of the full mark range may be limited
according to the quality of the candidate responses seen).

GENERIC MARKING PRINCIPLE 6:
Marks awarded are based solely on the requirements as defined in the mark scheme. Marks should not be awarded with grade thresholds or grade descriptors in
mind.
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Mathematics Specific Marking Principles

1 Unless a particular method has been specified in the question, full marks may be awarded for any correct method. However, if a calculation is required
then no marks will be awarded for a scale drawing.

2 Unless specified in the question, answers may be given as fractions, decimals or in standard form. Ignore superfluous zeros, provided that the degree of
accuracy is not affected.

3 Allow alternative conventions for notation if used consistently throughout the paper, e.g. commas being used as decimal points.
4 Unless otherwise indicated, marks once gained cannot subsequently be lost, e.g. wrong working following a correct form of answer is ignored (isw).
5 Where a candidate has misread a number in the question and used that value consistently throughout, provided that number does not alter the difficulty or

the method required, award all marks earned and deduct just 1 mark for the misread.

6 Recovery within working is allowed, e.g. a notation error in the working where the following line of working makes the candidate’s intent clear.
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Mark Scheme Notes

The following notes are intended to aid interpretation of mark schemes in general, but individual mark schemes may include marks awarded for specific reasons
outside the scope of these notes.

Types of mark

M Method mark, awarded for a valid method applied to the problem. Method marks are not 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, e.g. by substituting the relevant quantities into the formula. Correct application of a formula
without the formula being quoted obviously earns the M mark and in some cases an M mark can be implied from a correct answer.

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).

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

DM or DB When a part of a question has two or more ‘method’ steps, the M marks are generally independent unless the scheme specifically says otherwise;
and similarly, when there are several B marks allocated. The notation DM or DB is used to indicate that a particular M or B mark is dependent on
an earlier M or B (asterisked) mark in the scheme. When two or more steps are run together by the candidate, the earlier marks are implied and full
credit is given.

FT Implies that the A or B mark indicated is allowed for work correctly following on from previously incorrect results. Otherwise, A or B marks are
given for correct work only.

e A or B marks are given for correct work only (not for results obtained from incorrect working) unless follow through is allowed (see abbreviation FT above).

e  For a numerical answer, allow the A or B mark if the answer is correct to 3 significant figures or would be correct to 3 significant figures if rounded (1
decimal place for angles in degrees).

e  The total number of marks available for each question is shown at the bottom of the Marks column.

e  Wrong or missing units in an answer should not result in loss of marks unless the guidance indicates otherwise.

e  Square brackets [ ] around text or numbers show extra information not needed for the mark to be awarded.
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Abbreviations

AEF/OE Any Equivalent Form (of answer is equally acceptable) / Or Equivalent

AG Answer Given on the question paper (so extra checking is needed to ensure that the detailed working leading to the result is valid)
CAO Correct Answer Only (emphasising that no ‘follow through’ from a previous error is allowed)

CwWO Correct Working Only

ISW Ignore Subsequent Working

SOI Seen Or Implied

SC Special Case (detailing the mark to be given for a specific wrong solution, or a case where some standard marking practice is to be varied in the
light of a particular circumstance)

WWW  Without Wrong Working

AWRT  Answer Which Rounds To
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1(a) Tcos@=17.5 Tsinf@=10 B1
1 B1
T=(75+10°)2 =12.5N
2
1(b B1
®) Hooke’s law: T :50_x ,x=02
0.8
M1
(x+0.8)sin(9 =1x£
12.5
Al
Vertical distance = % =0.8
3
Question Answer Marks Guidance
2 1 1 M1 Al | E tion.
—Emv2 +Em><3ga =mga(cosd +cos) fCTEY cquation
B1 | N2L
(T +)mgcos @ =2
a
4 M1 | Combine to find 0.
agcos6?=3ga—2gacost9—2ga><g ombine fo Hind cos
Al
cosf = ’
15
5
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3 dv 4000 400 4 M1 Al | Integrate.
- (5t + 4)3 T (5t + 4)2 (+4) Constant of integration needed for Al.
t=0, v=25 A=25-25=0 M1 | Find constant.
e %: e —80(5t N 4)_1 + B M1 | Integrate and find constant.
x=0,t=0 B=20
_ Al
e 80 420 (= 100¢
S5t+4 S5t+4
5
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4(a) M1 | Moments equation, condone missing ends of cylinder.
Area Centre of mass from AB .
One expression on the RHS correct.
Cylinder dnah + 2na’ S
Shell 27t(2a)2 h+a
Moments about AB Al A1 | One correct expression on RHS correct scores Al.
%(2nah + 2na” +2m(2a)" | = 2n(2a)" x (h-+ a) + (2mah + 220’ )Ghj
(2h+10a)X =h> + ah +8ah +8a’ Al
_  h*+9ah+8a’
X=—F7"-—"—
2(h+5a)
4
4(b B1
®) tan @ < %
X
K 49ah+84% 3 M1 | Form inequality and rearrange to quadratic, condone
X = W S Ea equation.
h* +6ah—7a* <0
(h—a)(h+7a)<0 M1 | Attempt to solve, condone equation.
(—7a < )h <a Al
4
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5 For 4: T'sin@ = mra’ M1 | N2L horizontal.
r=3asind B1 | Correct expression for radius.
T =mx3aw’ Al
M1 | N2L horizontal
Similarly, for B: T cos@ = %m xrxkio® orizonta
Al
T =§makza)2
4
mx3aw® = % mak e’ M1 | Equate expressions for 7.
k*=4, k=2 Al
© UCLES 2022
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5 Alternative method for question 5
For A: Tcos@=mg, Tsinf=mre’ M1 | N2L horizontal and vertical.
r=3asiné B1 | Correct expression for radius.
_ 2 5 2 S5 g Al | Combine to obtain expression for @>.
T'=mx3aw" =—mg, 0 =—x= p
4 12 a

M1 | N2L horizontal.
Similarly, for B: T cos@ = %m xrx ki ortzonta

Al
T =§makza)2

4
, 5g M1 | Substitute for 7 and @.
—mg =—mak” x—=
4 12a
k*=4, k=2 Al
7
© UCLES 2022
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6(a) Let v and w be speeds after collision: M1 | Momentum along line of centres.
my + kmw = mucosa
M1 | NEL consistent signs.
W—Vv=—ucosa
2
. 3ucosa Al | AG
Add to give 2(1 N k) Convincing working.
Substitute back or re-solve: Al | Accept without modulus sign.
_|(2=k)ucosa
2(1+k)
4
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6(b) 2 B1 | For speed of 4 (SOI).
. [(2=k)ucosa
(usina)” +| ———
2(1+k)
Equal KE after collision: M1 | Equate KEs.
2 2

1 3ucosa 1 . 5 [(2=k)ucosa

—km =—m| (usina)” +| ——

2 2(1+k) 2 2(1+k)

2, . V2 2 2
[ cosa =4(1+k) (sina) +(2-k) (cosa) }
2 M1
Use tana =—
3
16(1+ 2k + &) +9(4— 4k + k) =81k
25k> -85k +52 =0 leading to (Sk — 4)(5k _13) =0 M1 | Obtain quadratic and attempt to solve.
Al
k=— or B
5 5
5
© UCLES 2022
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7(a) For Q: x=ucos ST B1
B1

For P: x =37500sa(T+1)

M1 | Equate and attempt to rearrange.
Collision, so 3—2500s a(T +1)=ucos ST q P g

35 3 ) w27 Al | AG
?xg( + )_”XE Shown convincingly.

4uT =2135(T +1)

7(b) Vertical motion to collision: M1 A1 | M1 for both expressions, one correct.

For QO: yzusin,BT—%gT2

For P: yz%sinO{(T+1)—%g(T+l)2

M1 | Equat d att tt \
Equate: uxLT_lgTz:32—5><%(T+1)—%g(T+1)2 duate anc atiempt fo sove

Jso2
21

14(T+1)—%g(T2+2T+1—T2):7(T+1)

16T +36=21T+21, 15=5T Al
T=3
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7(c) x=42 B1
| y| =24 M1
y=-24 (or 24 m below O) A1l | Correct sign or in words.
3
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2

1 A uniform lamina OABC is a trapezium whose vertices can be represented by coordinates in the x-y
plane. The coordinates of the vertices are O(0,0), 4(15,0), B(9,4) and C(3,4).

Find the x-coordinate of the centre of mass of the lamina. [4]
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3

2 Anparticle P of mass m is attached to one end of a light elastic string of natural length a and modulus of
elasticity %mg. The other end of the string is attached to a fixed point O on a rough horizontal surface.
The particle is at rest on the surface with the string at its natural length. The coefficient of friction
between P and the surface is % The particle is projected along the surface in the direction OP with a

speed of 1+/ga.
Find the greatest extension of the string during the subsequent motion. [5]
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4

3 A particle P is projected with speed 25 ms~ ! at an angle 6 above the horizontal from a point O on a
horizontal plane and moves freely under gravity. After 2s the speed of Pis 15ms ™.

(a) Find the value of sin6. [5]
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(b) Find the range of the flight. [3]
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6
4  One end of a light inextensible string of length a is attached to a fixed point O. A particle of mass m
is attached to the other end of the string and is held with the string taut at the point 4. At A the string
makes an angle 6 with the upward vertical through O. The particle is projected perpendicular to the
string in a downward direction from 4 with a speed u. It moves along a circular path in the vertical
plane.

When the string makes an angle a with the downward vertical through O, the speed of the particle is 2u
and the magnitude of the tension in the string is 10 times its magnitude at A.

It is given that u = % ga.
(a) Find, in terms of m and g, the magnitude of the tension in the string at 4. [6]
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5 Anparticle P of mass 4kg is moving in a horizontal straight line. At time ¢s the velocity of P is vms~!

and the displacement of P from a fixed point O on the line is xm. The only force acting on P is a
resistive force of magnitude (4™ +12)e "N. When t =0, x =0 and v = 4.

(a) Show by integration that v = 1 +e§ c. [4]
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(b) Find an expression for x in terms of ¢. [4]
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A

B

AB and BC are two fixed smooth vertical barriers on a smooth horizontal surface, with angle ABC = 60°.
A particle of mass m is moving with speed u on the surface. The particle strikes AB at an angle 6 with

AB. 1t then strikes BC and rebounds at an angle  with BC (see diagram). The coefficient of restitution
between the particle and each barrier is e and tan6 = 2.

The kinetic energy of the particle after the first collision is 40% of its kinetic energy before the first
collision.

(a) Find the value of e. [4]
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(b) Find the size of angle 3. [4]
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A uniform cylinder with a rough surface and of radius a is fixed with its axis horizontal. Two identical
uniform rods 4B and BC, each of weight W and length 2a, are rigidly joined at B with 4B perpendicular
to BC. The rods rest on the cylinder in a vertical plane perpendicular to the axis of the cylinder with
AB at an angle 0 to the horizontal. D and E are the midpoints of AB and BC respectively and also the
points of contact of the rods with the cylinder (see diagram). The rods are about to slip in a clockwise
direction. The coefficient of friction between each rod and the cylinder is .

The normal reaction between AB and the cylinder is R and the normal reaction between BC and the
cylinder is V.

(a) Find the ratio R : N in terms of 4. [6]
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(b) Given that u = %, find the value of tan6. [3]
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Additional page

If you use the following page to complete the answer to any question, the question number must be clearly
shown.
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Generic Marking Principles

These general marking principles must be applied by all examiners when marking candidate answers. They should be applied alongside the specific content of the
mark scheme or generic level descriptors for a question. Each question paper and mark scheme will also comply with these marking principles.

GENERIC MARKING PRINCIPLE 1:

Marks must be awarded in line with:

e the specific content of the mark scheme or the generic level descriptors for the question

e the specific skills defined in the mark scheme or in the generic level descriptors for the question
e the standard of response required by a candidate as exemplified by the standardisation scripts.

GENERIC MARKING PRINCIPLE 2:
Marks awarded are always whole marks (not half marks, or other fractions).

GENERIC MARKING PRINCIPLE 3:

Marks must be awarded positively:

e  marks are awarded for correct/valid answers, as defined in the mark scheme. However, credit is given for valid answers which go beyond the scope of the
syllabus and mark scheme, referring to your Team Leader as appropriate

marks are awarded when candidates clearly demonstrate what they know and can do

marks are not deducted for errors

marks are not deducted for omissions

answers should only be judged on the quality of spelling, punctuation and grammar when these features are specifically assessed by the question as
indicated by the mark scheme. The meaning, however, should be unambiguous.

GENERIC MARKING PRINCIPLE 4:
Rules must be applied consistently, e.g. in situations where candidates have not followed instructions or in the application of generic level descriptors.

GENERIC MARKING PRINCIPLE 5:
Marks should be awarded using the full range of marks defined in the mark scheme for the question (however; the use of the full mark range may be limited
according to the quality of the candidate responses seen).

GENERIC MARKING PRINCIPLE 6:
Marks awarded are based solely on the requirements as defined in the mark scheme. Marks should not be awarded with grade thresholds or grade descriptors in
mind.
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Mathematics Specific Marking Principles

1 Unless a particular method has been specified in the question, full marks may be awarded for any correct method. However, if a calculation is required
then no marks will be awarded for a scale drawing.

2 Unless specified in the question, answers may be given as fractions, decimals or in standard form. Ignore superfluous zeros, provided that the degree of
accuracy is not affected.

3 Allow alternative conventions for notation if used consistently throughout the paper, e.g. commas being used as decimal points.
4 Unless otherwise indicated, marks once gained cannot subsequently be lost, e.g. wrong working following a correct form of answer is ignored (isw).
5 Where a candidate has misread a number in the question and used that value consistently throughout, provided that number does not alter the difficulty or

the method required, award all marks earned and deduct just 1 mark for the misread.

6 Recovery within working is allowed, e.g. a notation error in the working where the following line of working makes the candidate’s intent clear.
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Mark Scheme Notes

The following notes are intended to aid interpretation of mark schemes in general, but individual mark schemes may include marks awarded for specific reasons
outside the scope of these notes.

Types of mark

M Method mark, awarded for a valid method applied to the problem. Method marks are not 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, e.g. by substituting the relevant quantities into the formula. Correct application of a formula
without the formula being quoted obviously earns the M mark and in some cases an M mark can be implied from a correct answer.

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).

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

DM or DB When a part of a question has two or more ‘method’ steps, the M marks are generally independent unless the scheme specifically says otherwise;
and similarly, when there are several B marks allocated. The notation DM or DB is used to indicate that a particular M or B mark is dependent on
an earlier M or B (asterisked) mark in the scheme. When two or more steps are run together by the candidate, the earlier marks are implied and full
credit is given.

FT Implies that the A or B mark indicated is allowed for work correctly following on from previously incorrect results. Otherwise, A or B marks are
given for correct work only.

e A or B marks are given for correct work only (not for results obtained from incorrect working) unless follow through is allowed (see abbreviation FT above).

e  For a numerical answer, allow the A or B mark if the answer is correct to 3 significant figures or would be correct to 3 significant figures if rounded (1
decimal place for angles in degrees).

e  The total number of marks available for each question is shown at the bottom of the Marks column.

e  Wrong or missing units in an answer should not result in loss of marks unless the guidance indicates otherwise.

e  Square brackets [ ] around text or numbers show extra information not needed for the mark to be awarded.
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Abbreviations

AEF/OE Any Equivalent Form (of answer is equally acceptable) / Or Equivalent

AG Answer Given on the question paper (so extra checking is needed to ensure that the detailed working leading to the result is valid)
CAO Correct Answer Only (emphasising that no ‘follow through’ from a previous error is allowed)

CwWO Correct Working Only

ISW Ignore Subsequent Working

SOI Seen Or Implied

SC Special Case (detailing the mark to be given for a specific wrong solution, or a case where some standard marking practice is to be varied in the
light of a particular circumstance)

WWW  Without Wrong Working

AWRT  Answer Which Rounds To
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1 ) M1 | Attempt at moments equation with all necessary terms.
Area Distance from Oy
Other options possible for RHS of moments equation, for
Triangle OCD 6 2 example:
(1) OAC:30x 6 and ABC:12x 9
Rectangle 24 6 (2) OBC: 12 x 4and OA4B:30x 8
C .
DEB (3) Subtraction: 60x7.5-6x1-12x13
Triangle BAE 12 11
Trapezium -
OCBA 42 X
where D is point with coordinates (3, 0) and E is a point with
coordinates (9, 0).
Parts that would give correct total area 42 B1
Moments about Oy Al | Correct equation.
42X =6x2+24x6+12x11 (=288)
Al
X= 288 =6.86
42
4
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2 4 B1 | EPE term correct
137,
—. X
2 a
B1 | Work term correct
—mgx
3
Loss in KE = gain in EPE + work done against friction M1 | Energy equation with 3 terms, allow sign error.
4 ng
15 2
—my° =—x X" +—mgx
2 a 3
2 M1
38,
—X—ga=="—x"+—-gx
2 4% st Obtain and attempt to solve a 3-t dratic equati
163 + 8ax — 34 =0 ain and attempt to solve a 3-term quadratic equation.
(4x—a)(4x+3a) =0
1 Al
xX=—a
4
5
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3(a) Components of velocity : — 25cos @ T25sin0-2g B1
Speed = \/(25 cos 9)2 N (25 sind — 2g)2 M1 A1l | Expression for speed or square of speed.
(25 oS 9)2 " (25 sing — 2g)2 —152 M1 | Attempt to solve and find value for sin 8
625-100gsin @ +4g* =225
. 800 4 Al
sinf=——=—
1000 5
5
3(b) 2x25sin6 Bl
Time of flight = (ﬂ —4(s)
g
Range = 2x25sin6 250080 M1 | Any equivalent method.
g
Range = 60 (m) Al | CWO
Alternative method for question 3(b)
4 1, B1 | Equation of trajectory..
y=—X——X
3 45
Substitute y =0 and solve M1
60 (m) Al
3
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4(a) 1 , 1 5 M1 | Energy equation with all necessary terms, GPE terms must be
Emv _Em” =mga (cosé’ * cosa) resolved, allow sin/cos mix, allow sign error.
1 Al | 2u may be substituted later.
_m(2u)2——mu2 =mga(cosf+cosa) 1 may 3 9
2 2 Implied by 5x;ag=ga(cos¢9+cosa)
m , B1 | N2L
AtA, T+mgcosf=—u
a
B1 | N2L and f tension (107).
Also, 10T —mgcosa = e and use of tension (107)
a
Use all three (two N2L and energy) equations to find 7 in terms of M1 | Might see
and g only. 2
7 anc s onty 9T—mg(cos¢9+cosa)=3—mx§ga
a
(COSH+ cosa) =1
(100059+ cosa) =4
T 1 Al
=—m
3 g
6
4(b ) 1 4 2 M1 | Any appropriate method to obtain cosc .
®) Substitute back, 10x§mg—mgcosa:—mx§ga Y aPpTop
a
2 Al
cosa =—
3
2
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5 B1
@ ] 4 ~(4e7 +12)e
dx
M1 | E ion of th t form.
lvz R S (+4) xpression of the correct form
2
9 Al
v=4, x=0, A=—
2
2 2x -x _ —x Al | AG
Ve a6t +9= (3 e ) Must see the factorisation.
34e 1+3e" Condone lack of justification for taking positive square root.
v=3+ =
ex
4
5(b) dx  1+3e” x M1* Al | Integration to obtain In term
FTS J o +1 dx = _[1 de Correct answer with constant of integration
lln(3ex + 1) =t(+B)
1 DM1 | Find the constant and substitute into their general solution.
t=0, x=0, B=—-In4
3
3 =In e’ +1
4
Al | OE
x= 1n(ie3t —lj
3 3
4
© UCLES 2022 Page 10 of 13
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6(a) Let v be speed of rebound from 1% collision: B1 | Energy loss.
1 2 1 2
Energy loss: —mv* == x—mu*, v ==u’
2 5 2 5
vcosa =ucosf B1 | Both.
vsina =eusind
Combine to form equation in e only M1 | 2 _ ( 1cosd )2 " ( eusind )2
21 , 4
—=—+e x—
55 5
1 Al
e=—
2
4
6(b) tana =etanf , so tana =1, a=45° B1
For 2" collision M1 | Both.
weos B =vcos(180 - 60— ) May be implied by the A1.
wsin B = evsin (18060 - &)
tan /3 = etan (120 — their o) M1 | Divide to find £ .
£ =61.8° Al
4
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7(a) Frictional force = xx normal reaction at D and E Bl | F,; =uR, Fyp.=uN

Moments about B, Na — Ra =Wa(sin@—cos8) B1 | One moments equation about any point involving all relevant

Moments about centre, F,,a+ Fp.a=Wa(cosd—sin6) forces, resolved if necessary (AEF).

Moments about D, Fy.a+ Na=Wa(cos6+sinf)

Moments about E, Ra—Fza=Wa(cos6+sinf)

Parallel to AB, N — F,; =W sin@ + W sin @ B1 | Two resolutions: all relevant terms, different frictional forces

Perpendicular to 4B, Fy. +R =W cos6+ W cos [Vertical: Rcos@+ Fy.cos@+ Nsinf=F,,sin@+W +W
Horizontal: Fj.sin@+ F,, cos@+ Rsin@ = N cosé ]
Alternative approach using two moments equations can earn the
BIB1

1 M1 | Combine appropriate equations.
N-R =5((1—,u)N—(1+,u)R)
1 M1 | Collect terms to obtain ratio/fraction in terms of x only (CWO),
N{1-—(1-p) |=R| 1-=(1+ u) . N
2 any equivalent simplified form.
1 1 1 1
N|—+—u|=R|———
7 7e)#z2
R:N=l+u:l-pu Al
6
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7(b - M1 | Must includ t .
®) Divide resolution equations: tand = N = uR ustinclude 4 fetms
UN+R
M1 | FT their answer to part (a).

Iy
Use R=2N: tan@zg—
—N
3

Al

tant9=l
7
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