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Specimen Paper Answers

Introduction

The main aim of this booklet is to exemplify standards for those teaching Cambridge International AS & A
Level Mathematics 9709, and to show examples of model answers to the 2020 Specimen Paper 4. Paper 4
assesses the syllabus content for Mechanics. We have provided answers for each question in the specimen
paper, along with examiner comments explaining where and why marks were awarded. Candidates need to
demonstrate the appropriate techniques, as well as applying their knowledge when solving problems.

Individual examination questions may involve ideas and methods from more than one section of the syllabus
content for that component. The main focus of examination questions will be the AS & A Level Mathematics
subject content. However, candidates may need to make use of prior knowledge and mathematical
techniques from previous study, as listed in the introduction to section 3 of the syllabus.

There are 6 to 8 structured questions in Paper 4; candidates must answer all questions. Questions are of
varied lengths and often contain several parts, labelled (a), (b), (c), which may have sub-parts (i), (ii), (iii), as
needed. Some questions might require candidates to sketch graphs or diagrams, or draw accurate graphs.

Candidates are expected to answer directly on the question paper. All working should be shown neatly and
clearly in the spaces provided for each question. New questions often start on a fresh page, so more answer
space may be provided than is needed. If additional space is required, candidates should use the lined page
at the end of the question paper, where the question number or numbers must be clearly shown.

The mark schemes for the Specimen Papers are available to download from the School Support Hub at
www.cambridgeinternational.org/support

2020 Specimen Mark Scheme 4

Past exam resources and other teacher support materials are available on the School Support Hub
(www.cambridgeinternational.org/support).
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Specimen Paper Answers — Paper 4

Assessment overview

There are three routes for Cambridge International AS & A Level Mathematics. Candidates may combine
components as shown below.

Route 1 Paper1 Paper2 Paper3 Paper 4 Paper5 Paper6
AS Level only Pure Pure Pure Mechanics  Probability & Probability &
(Candidates take Mathematics 1 Mathematics 2 Mathematics 3 Statistics 1 Statistics 2
the AS components
in the same series)
Either v v
Or v v
Not Not

Or available available
Note this option for for
in Route 1 cannot v v AS Level AS Level
count towards
A Level
Route 2 Paper1 Paper2 Paper3 Paper 4 Paper5 Paperé
A Level (staged Pure Pure Pure Mechanics  Probability & Probability &
over two years) Mathematics 1 Mathematics 2 Mathematics 3 Statistics 1 Statistics 2
Either v v
Year 1 AS Level
Year 2 Complete v v
the A Level
O

' v _ v
Year 1 AS Level Nof available

for
Year 2 Complete A Level v v
the A Level
Or v v
Year 1 AS Level
Year 2 Complete v v
the A Level
Route 3 Paper1 Paper 2 Paper3 Paper4 Paper5 Paper &
A Level Pure Pure Pure Mechanics  Probability & Probability &
(Candidates take Mathematics 1 Mathematics 2 Mathematics 3 Statistics 1 Statistics 2
the A Level
components in the
same series)
Either v Not available v v v
for

Or e A Level v v v
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Paper 4 — Mechanics
e Written examination, 1 hour 15 minutes, 50 marks
e 6 to 8 structured questions based on the Mechanics subject content
e Candidates answer all questions
e Externally assessed by Cambridge International
o 40% of the AS Level

e 20% of the A Level

Offered as part of AS Level or A Level.

Assessment objectives

The assessment objectives (AOs) are the same for all papers:
AO1 Knowledge and understanding

e Show understanding of relevant mathematical concepts, terminology and notation
e Recall accurately and use appropriate mathematical manipulative techniques

AO2 Application and communication
e Recognise the appropriate mathematical procedure for a given situation
e Apply appropriate combinations of mathematical skills and techniques in solving problems
e Present relevant mathematical work, and communicate corresponding conclusions, in a clear and
logical way
Weightings for assessment objectives

The approximate weightings (+ 5%) allocated to each of the AOs are summarised below.

Assessment objectives as an approximate percentage of each component
Assessment objective Weighting in components %

Paper1 Paper 2 Paper 3 Paper 4 Paper 5 Paper 6

AO1 Knowledge and understanding 55 55 45 55 55 55

AO?2 Application and communication 45 45 55 45 45 45

Assessment objectives as an approximate percentage of each qualification

Assessment objective Weighting in AS Level % Weighting in A Level %
AO1 Knowledge and understanding 55 52
AO2 Application and communication 45 48
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Question 1

1 A particle P is projected vertically upwards with speed 20 m s™' from a point on the ground.

(a) Find the greatest height above the ground reached by P. [2]

Examiner comment

The acceleration a = -g = -10, the initial velocity is u = 20. Let A m be the This problem involves the application of the
constant acceleration equations.

0 Use of this equation to find h earns M1.
Since the greatest height is required, it can be assumed that the final 9 Correct evaluation of h earns A1.

greatest height.

velocity is v = O.

2

Use v2=u”+2as giving 0 =20% + 2 x(-10)x A a

Solving this equation gives A = 20 and so the greatest height above
ground is 20 m. e
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There are alternative methods for this question, two possible approaches are shown below.

(b) Find the total time from projection until P returns to the ground.

Method 1

Using u = 20 and a = -g= -10 gives O = 20 + (-10) x tso t= 2 o

Doubling this ¢ value gives the total time from projection until P returns to

ground as 4 seconds. e

Method 2

When the particle returns to the ground the displacement is zevo.

Here u =20, a= -g= -10, s= O and we need to find #so use

s= m‘+1m‘2
2

This gives o= 20t+%x (-:LO)xt"2 > 0=20¢f-5¢= St(4-1) o

Solutions to this are ¢ = O (the initial position) and ¢ = 4 (the required

answer).

Hence the total time for the particle to return to the ground is 4 seconds. e

[2]

Examiner comment

Time taken to reach the greatest height is found by
setting v = 0 in the equation v =u + at.

0 Correct use of v = u + at to find the time taken
to reach the greatest height earns M1.

e Doubling the time to greatest height to find the
correct total time scores A1.

Examiner comment

Again candidates should use one of the constant
acceleration equations (often referred to as the
suvat equations).

0 Use of this equation will earn M1.
e Correct evaluation of t = 4 will earn A1.
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Question 2

2 A constant resistance of magnitude 1350 N acts on a car of mass 1200 kg.
(a) The car is moving along a straight level road at a constant speed of 32 m s

Find, in kW, the rate at which the engine of the car is working. [2]

Examiner comment

0 Use of P = Fv with the driving force F being
equal to the resistance will score M1.

e Correct evaluation of the rate at which the
engine of the car is working and then giving the
answer in kW will score A1.

Since the car moves with constant speed, there is no net force acting on it.
This means that:
The driving force = the resistance force = 1350 N

The relationship P = Fir must be used here with F=1350,

S0 P= Fr=1350 x 32 o

Hence the power, P, (the rate at which the engine of the car is working) is

given by P= Fiy= 1350 x 32 = 43200 W = 43.2 kW 9
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(b)

The car travels at a constant speed down a hill inclined at an angle of 8° to the

horizontal, where sin§° = 2%) , with the engine working at 31.5 kW.

Find the speed of the car.

If the speed of the car is v then the driving force, DF, is given by

DF:;:BJ'% 0

Two other forces act on the car, namely resistance and the component of

the weight down the plane.
For constant speed (zero acceleration) we have DF -1350 + 12004 siné = 0 9

Using the expression for DF and the given value of sin 6 we have

31500 _ 13504+ 600=0
This gives v = 31500 _ 45
750

Hence the speed of the car is 42 ms=. e

10

Examiner comment

The motion is one with constant speed and so again
there is no net force on the car.

a Using driving force = g with the given value of

P will score M1.

e Stating that the total force acting down the
plane = 0, involving the correct three forces earns
M1.

e Correct solution of the equation giving v =42
earns A1.
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Question 3

3 Three small smooth spheres 4, B and C of equal radii and of masses 4 kg, 2 kg and 3 kg
respectively, lie in that order in a straight line on a smooth horizontal plane. Initially, B and C
are at rest and 4 is moving towards B with speed 6 m s™'. After the collison with B, sphere 4
continues to move in the same direction but with speed 2 m s ™.

(a) Find the speed of B after this collison.

Let the speed of B after the collision be v ms=.

Apply the principal of conservation of momentum to the collision between A

and B.

Momentum before = Momentum after - 4 x 6 = 4 x 2 + Zt/o

Solving gives v = 8 and so the speed of B after collision is 8 ms=. e

Sphere B collides with C. In this collison these two spheres coalesce to form an object D.

(b) Find the speed of D after this collision.

Let w ms= be the speed of D after particles B and C have coalesced.
Momentum before = 2 x 8 Momentum after = (2 + 3) x w

Hence 2 x 8 = 5w a

W=&=3.2
5

and so the speed of D after collision is 3.2 ms-* e

[2]

[2]

Examiner comment

Momentum is a new topic for the 2020 syllabus.

0 Application of conservation of momentum to
particles A and B will earn M1.

e Correct evaluation to find v = 8 will score A1.

Examiner comment

Again, candidates need to apply conservation of
momentum before and after the collision between
B and C.

a Correct application of conservation of
momentum between particles B and C earns M1.

e Correct evaluation to find the speed of D
as 3.2 ms ' scores A1.

11
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(©)

Show that the total loss of kinetic energy in the system due to the two collisions is 38.4
J.

Only sphere A is moving initially and so
the initial kinetic energy = % x4x 6> =72

Finally A is moving with speed 2 ms=* and D is moving with speed

3.2 ms?
: o _1 2 1 2 _ -
Hence the final kinetic energy = = 4x2" + S AEREET SEE GG 33.6J

Hence the total loss of kinetic energy in the system = 72 - 33.6 = 38.4 J e

When finding the final KE, candidates must
remember that A is still moving with speed 2 ms™.

0 Using kinetic energy = %mv2 applied to any of
the particles will earn M1.

e Correct evaluation of initial and final kinetic
energies and subtracting showing correct loss
for A1. The answer is given, so it is vital that
candidates show all their working in detail.

As this is a new topic for the 2020 syllabus,
candidates will not find any examples such as this
one in any of the past papers. The most important
element of these problems is the conservation of
momentum. A common error seen in problems
involving kinetic energy is demonstrated by the
problem: ‘Let the initial and final velocities of a
particle be u ms™ and v ms™ respectively. Let the
particle have mass m kg. What is the loss in kinetic
energy of the particle?’ The correct loss in kinetic

energy of the particle is KE loss = %m(vz— u2) .
However, many candidates often wrongly assume

that it is given by% m(v — u)2 . Candidates should

check that they use the correct formula for this.

Question 4

12
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4 A particle of mass 20 kg is on a rough plane inclined at an angle of 30° to the horizontal.
A force of magnitude 25 N, acting at an angle of 20° above a line of greatest slope of the
plane, is used to prevent the particle from sliding down the plane. The coefficient of friction
between the particle and the plane is u.

(a) Complete the diagram below to show all the forces acting on the particle.

Examiner comment

25N The following correctly shown on the diagram will be
awarded B1:

¢ The friction force acts up the plane as the particle
is about to slip down the plane.

¢ The weight force is 20g = 200 acting vertically
downwards.

e The normal reaction force acts perpendicular to
the plane.

13
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Resolve forces either along or perpendicular to the plane. 0 The least possible value of 1/ is found by assuming
the particle is about to slip down the plane.

Resolving forces parallel to the plane gives 0 Resolving forces either along or perpendicular
. e to the plane is the most sensible approach. It is
F+ 25 cos 20 = 200 sin 30 possible, although not advisable in this case, to

ling dicul e ol , resolve vertically and horizontally. The terms must
Resoliing (omess [PETTRCRAlERIET 20 S (ARG GIVeES be dimensionally correct with the correct number of

, terms. If this is done in any direction then M1 is
R+ 25 sin 20 = 200 cos 30 € e y

0 e A correct equation parallel to the plane scores
Al
Assuming that the particle is on the point of slipping down the plane e A correct equation perpendicular to the plane

scores A1.
then w=

R ™

o These equations can be rearranged to give
. expressions for F and for R.
(200 sin 30-2.5 cos 20) e

Hence we have = (200 cos 30—25 sin 20) e Using the expressions found for F and for R in

. F
K = 0.465 to 3sf. Hence the least possible value of u is 0.465. G the equation p = will score M1.

6 Correctly evaluating p and giving the answer
to 3SF will score A1.

If a candidate chose to resolve in different directions
then all marks would still be available to the
candidate.

14
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Question 5

5 A car of mass 1200 kg is pulling a trailer of mass 800 kg up a hill inclined at an angle of
sin! (0.1) to the horizontal. The car and the trailer are connected by a light rigid tow-bar
which is parallel to the road. The driving force of the car’s engine is 2500 N and the
resistances to the car and trailer are 300 N and 100 N respectively.

(a)  Find the acceleration of the system and the tension in the tow-bar.

Let a ms2 be the required acceleration.

Let 7N be the tension in the tow-bar.

Applying Newton's second law to the system of car and trailer gives
2500 - 300 - 100 - 120049 x 0.1 - 800g x 0.1 = 20004 0

Hence 100 = 20004 - a = 0.05 e and hence the acceleration of the

system is 0.05 ms=2.

Applying Newton's second law to the car gives

2500 - 300 - 12004 x 0.1 - T = 1200 x 0.05
Solving this for T gives 7= 940

and hence the tension in the tow-bar is 940 N. a

[4]

Examiner comment

This question is an example of connected particles,
which is a topic that is covered in the 2017-2019
syllabus but problems such as the one here are
specifically referred to in the 2020 syllabus.
Newton’s second law can be applied either to the
car or to the trailer or to the system of car plus
trailer. However, if the acceleration is required, as in
this case, then it is generally simpler to apply
Newton’s second law to the system of car and trailer
as this will produce an equation that does not
involve the force in the tow-bar. When the tension in
the tow-bar is required, then Newton’s law must
then be applied either to the car or to the trailer
separately. If we had applied Newton'’s second law
to the trailer then we have T - 100 - 800g x 0.1 =
800 x 0.05 and again this gives T = 940. Either
method will score full marks.

Oh‘ all terms are included, driving force, friction
and weight components equated to ma then M1.

e Correct evaluation for the acceleration a scores
Al

e All relevant terms must be included here to
score M1.

e Correct evaluation of the tension in the tow-bar
as tension = 940 N for A1.

15
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(b) When the car and trailer are travelling at a speed of 30 m s', the driving force
becomes zero.

Find the time, in seconds, before the system comes to rest and the force in the tow-bar

o [5] .

The new acceleration, a ms-2, can be found by again considering the system Here the new acceleration must be found and then
used in a constant acceleration formula.

of car and trailer - 300 - 100 - 12009 x 0.1 - 8004 x 0.1 = 20004 and a Newton's second law must be applied sither o

this gives a = -1.2. 0 the car or to the trailer in order to find the tension in
the tow-bar during this stage of the motion of the car
Using the constant acceleration formula v = u + at gives © = 30 + (-1.2) x ¢ e and trailer. If Newton’s second law is applied to the
and £= 25. trailer rather than the car then we would haye:
T-100-800g x 0.1 =800 x (-1.2) and this would
Hence the time taken before the system comes to rest is 25 seconds. e give T = -60 as before.
Use of Newton’s second law with all relevant
For the car we have - 300 - 12004 x 0.1 - T = 1200 x (-1.2) e terms included and a found will score M1.
and so 7= -60.9 eUse of v=u+ at with u = 30, v =0 and the

candidate’s value of a will score M1.

This means that the force in the tow-bar is a thrust of 6O N. e Correct evaluation of the time of 25 seconds

scores A1.

a Use of Newton’s second law applied either to
the car or the trailer with all relevant terms for M1.

e Correct evaluation of T = - 60 for A1. The minus
sign is explained as a thrust rather than a tension.

16
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Question 6

6 A particle P moves in a straight line. The velocity v m s at time ¢ s is given by
v=>5t(t-2) for0 <t <4,
v=k for4 <t <14,
v=68-2¢t forl4 <t <20,

where £ 1s a constant.

(@)  Find k.

(1] Examiner comment

At £=4 we have 5 x 4 x (4 - 2) = kand so k= 40. The velocities must match at the times ¢ = 4
. . and t = 14. The correct value of k earns B1.
This also matches the velocities at £ = 14

(b) Sketch the velocity—time graph for 0 < ¢ < 20.

All key points should be shown on the axes.
A

40/ 0 A curve starting at the origin, minimum shown,
ending at (4, k) scores B1FT.

281 A horizontal line from (4, k) to (14, k) earns
B1 FT.

. eA line with negative gradient from (14, k) to
0 4 14 20

(20, 28) scores B1 FT.

The curve for © < £< 4 is a quadratic crossing the #-axis with minimum

The B1 FT mark means the mark can be scored for
at = 1 and ends at (4, 40). a the curves even if the k value found was incorrect.

For 4 < < 14 the curve is v= 40 which is a horizontal line. 9

For 14 < ¢ < 20 a straight line joins (14, 40) to (20, 23). e

17
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(©)

(@)

Find the set of values of ¢ for which the acceleration of P is positive.

For 14 < ¢t < 20 the acceleration (s -2 and for 4 < £ < 14 the acceleration

is zero.
Differentiate vto find ain O < t<4 - a=10t-1050 a=0 at t= 1. o

The v-¢ graph shows that the set of values of £ for which the acceleration of
Pis positive is 1 < £< 4. e

Find the total distance travelled by P in the interval 0 < ¢ < 20.

Distance = [2(52*-108)d¢ + [ (5% -108)dt + 40(14 - 4) + %(40 +28)x6 o @
2 4
= -[st"’ - 5t2} N [St"’ - 5#} + 400 + 204 e
3 o L3 2

=—|:§23—5x22:|+|:§43—5x42:|—|:§23—5x22j|+604 (4]

= 644

Hence the total distance travelled by P in the interval O < < 20 is 644 m. e

(2]

[5]

18

Examiner comment

o Differentiating v or any other method such as
completing the square for v = 5t°—10t in order to
find the position of the minimum of this curve earns
M1.

e Stating that the acceleration is positive between
t=1and t=4 earns A1l.

Examiner comment

Candidates should take care with signs in problems
such as this one where part of the v-t graph is
below the t-axis. Candidates should make sure they
know the difference between distance and
displacement. Integration must be used for the
region 0 < t <4 but the area for 4 < {< 20 can be
found either by integration or by using the areas of
a rectangle and a trapezium.

0 An attempt to integrate v for the region 0 < t< 4
will earn M1.

e Correct expression for distance for 0 < ¢t < 20
(integral not yet evaluated) earns A1.

Correct integration over 0 < t < 4 will earn B1.

e Limits used and all correct will earn A1 FT (the
FT means this mark is scored even with incorrect

Fully evaluated correct final answer for
distance = 644 m will earn A1.
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Question 7
The mark scheme gives three alternative methods for this question, so we have provided a model answer for each.
7
F o
25m
B
Two particles 4 and B, of masses 0.8 kg and 0.2 kg respectively, are connected by a light
inextensible string. Particle 4 is placed on a horizontal surface. The string passes over a small _ _ _
th oullev P fixed at the ed fth f dBh freelv. The horizontal secti ¢ This problem can be approached either by using
Smoo . puticy . xedat the edge 0 _esur ace, an .angs feely. the hotizonta S?C ton o Newton’s Second law to find the acceleration of the
the §tr1ng, AP, is 9f length 2.5 m (see diagram). The particles are released from rest with both particles and then using the constant acceleration
sections of the string taut. formulae; or the work-energy method could be used.
(a) Given that the surface is smooth, find the time taken for 4 to reach the pulley. A third option is to consider the effect of the tension
[5] on particle A only. Any of these methods provides an
Method 1 (Newton’s Second Law) acceptable answer.
Let 7N be the tension in the string and a ms2 be the magnitude of the aNewtO"’S second law applied to A or B eams M.
acceleration of the particles. eNewton’s second law applied to the other particle
earns M1. If the system equation 0.2g = (0.2 + 0.8)a
For A, T=0.8a 0 For B,0.2g - T= 0.2a e Solving these gives a = 2 e is then applied this would earn both M1 marks.
The formula s = ut + %m‘z gives 2.5=0+ % x2xt” e and solving gives eCorrectly finding that a = 2 eams AT.
°Complete method to find the required ¢t value
t= 3\/10 =1.58 earns M1.
2
. , Either t = 1.58 seconds or the exact value
Hence the time taken for A to reach the pulley is 1.58 seconds. 9 61
= E\/ﬁ will earn A1.

19
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Method 2 (Work-Energy equation)

Potential energy loss = 0.2 x gx 2.5 = 5 J Let vms™ be the speed of the
particles after 2.5 m.

Kinetic energy gain =% x (0.8 +02)xv” = %VZ a
Potential energy loss = kinetic energy gain 9
_,%/:5 >v* =10 > v =410 a

il . il
Use of s=—(u+v)xt gives 2.5 =—(0++10)¢t and so ¢ = 1.58 seconds.
Lurv)xt g Lo+vior @ (5)

Method 3 (Work done by the Tension force)

For A, T=0.8a For B, 0.2 - T= 0.2a Solving these gives 7= 1.6 a

Tx2.5=% xO.8xV2—>1.6x2.5=0.4l/ze—>1/2 =10 >v =410 9

1 . 1
Use of s=—(u+v)xt gives 2.5 =—(0++10)¢t and so £ = 1.58 seconds.
L wri)xt g Lo+vior @ (5

20

Examiner comment

0 Attempt either PE loss or KE gain earns M1.

e Using PE loss = KE gain with all terms
earns M1.

e Finding v = \/ﬁ =3.16 earns A1.
a Complete method to find t earns M1.

et= 1.58 earns A1.

Examiner comment

The work done by T on A produces the kinetic
energy increase for A.

o Applying Newton’s second law to both particles
and solving for T earns M1.

e Use Work done by T = Gain in kinetic energy of
A earns M1.

a Finding v = V10 =3.16 earns A1.

°A complete method to find t earns M1.
eCorrectIy finding t = 1.58 earns A1.
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(b) It is given instead that the surface is rough and that the speed of 4 immediately before it
reaches the pulley is v m s™'. The work done against friction as 4 moves from rest to the

pulley is 2 J.
Use an energy method to find v. [4]
Potential energy loss = 0.2 x gx 2.5 =5 J Here it is stated that energy methods must be used.
In cases such as this where a specific method is
.. . requested, marks would be lost if this request is not
Kinetic energy gamm = £ (0.8+0.2)xv"= L2 d g
2 2 followed.
Use the work energy equation in the - 0 Finding the PE loss and KE gain and using PE

loss = KE gain + WD against friction earns M1.

e A correct application of the work energy
equation earns A1.

PE loss = KE gain + Work Done against friction o

0.2xgx2.5 = %V'z +2 gwhich gives v?=6 and so v =6 = 2.45 to 3sf. ee e Solving this equation for v earns M1.

°Correctly finding that v =+/6 = 2.45 earns A1.

21
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