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Example Candidate Responses — Paper 4

Introduction

The main aim of this booklet is to exemplify standards for those teaching Cambridge International AS & A Level
Mathematics 9709 and to show how different levels of candidates’ performance (high, middle and low) relate to the
syllabus requirements.

In this booklet, candidate responses have been chosen from the November 2020 exam series to exemplify a range of
answers.

For each question, the response is annotated with a clear explanation of where and why marks were awarded or
omitted. This is followed by examiner comments on how the answer could have been improved. In this way, it is
possible for you to understand what candidates have done to gain their marks and what they could do to improve their
answers. There is also a list of common mistakes candidates made in their answers for each question.

This document provides illustrative examples of candidate work with examiner commentary. These help teachers
to assess the standard required to achieve marks beyond the guidance of the mark scheme. Therefore, in some
circumstances, such as where exact answers are required, there will not be much comment.

The questions and mark schemes used here are available to download from the School Support Hub. These files are:

November 2020 Question Paper 42

November 2020 Paper 42 Mark Scheme

Past exam resources and other teaching and learning resources are available on the School Support Hub:

www.cambridgeinternational.org/support




Example Candidate Responses — Paper 4

How to use this booklet

Example Candidate Response — low Examiner comments

1  Two-particles P and O, of masses 0.2 kg-and 0.5kg:respectively, are at rest.on a smooth horizontal o The candidate gives

plane. P is projected towards Q with speed 2ms™"." the correct definition of
momentum and correctly
expresses this as a product
from the given information
in the question.

(a) “Wiite down the momentum-of P;

e The candidate correctly
7 e evaluates the expression
................. 2@ s, | @ND IS aWarded the mark.
Mark for (a) = 1 out of 1

~

Answers are by real candidates in exam conditions. Examiner comments are

These show you the types of answers for each level. alongside the answers. These
Discuss and analyse the answers with your learners in explain where and why marks
the classroom to improve their skills. were awarded. This helps you

to interpret the standard of
Cambridge exams so you can

How the candidate could have improved their answer help your leamers to refine
\thelr exam technique. /

* In part (a), the candidate correctly found the required momentum.

* In part (b), the candidate assumed incorrectly that the 0.5 kg particle was moving with a speed } before impact
when, in fact, it was at rest. In addition, the candidate assumed that the two particles coalesced after impact since
the term 0.3(0.2 + 0.5) is the momentum of the combined particle. In this case, the V" used should have been zero
and, on the right-hand side, the two terms should be 0.3 x 0.2 + 0.5 x U where U is the required speed.

This section explains how the candidate could
have improved each answer. This helps you to
interpret the standard of Cambridge exams and
helps your learners to refine their exam technique.

Common mistakes candidates made in this question

* In part (b), multiplying 0.2 x 0.3 to obtain 0.6 rather than 0.06.

* Not including all the relevant terms in their equation. Candidates should remember that the total momentum before
impact is equal to the total momentum after impact.

Lists the common mistakes candidates made

Often candidates were not awarded . : ) o
. in answering each question. This will help your
marks because they misread or : . )
learners to avoid these mistakes and give them

misinterpreted the questions. the best chance of achieving the available marks.




Example Candidate Responses — Paper 4

Question 1

Example Candidate Response — high Examiner comments

0 The candidate uses

1  Two particles P and Q, of masses 0:2kg and 0.5 kg respectively, are at rest on a smooth horizontal

plane. P is projected towards Q with speed 2ms ™. the correct definition of
momentum.
(a) Write down the momentum of P. [1]
TN -0 AR © The candidate evaluates
: . the required momentum
........... -0.2x2 @ e ssnesessnssnennees | COFFECHY.

Mark for (a) = 1 out of 1

@ The candidate applies
the given information to
(b) After the collision P continues to move in the same direction with s[;eed 0.3ms™t, tmhgnp,: ;ont,:LeHT i:oeuqnuda;(:]ng ati’rl[e
21 (a) to the sum of the known
momentum of the 0.2 kg
particle along with the
momentum of the 0.5 kg
particle which involves
the required unknown V.
However, the candidate
mistakenly uses the given
speed as 3 rather than
0.3. The method used is
correct and so one mark is
awarded.

Find the speed of O after the collision.

o The candidate makes
a numerical error in —0.2.
This leads to an incorrect

eesanaranasstasoasesnarayienae E O O SO answer and no further

marks are awarded.

....................... Spreaeres

QFQCd s OlLF mS—_! e

e The numerical error
seen above leads to an
incorrect final answer.
Mark for (b) = 1 out of 2

Total mark awarded =
2 out of 3

How the candidate could have improved their answer

» The candidate found the correct answer to part (a).

* The solution to part (b) was incorrect due to misreading the value of the speed given in the question and this led
to an incorrect final answer. Careful reading of the question would have helped greatly, particularly where several
different decimal values are given.
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Example Candidate Response — low

Two.particles P and Q, of masses 0.2 kg-and 0.5kg respectively, are at rest.on a smooth horizontal
plane. Pis projectéd towards O with speed 2ms .-

(a) ‘Write down the mormentumof P; . ‘ cemy T [1]

Examiner comments

o The candidate gives
the correct definition of
momentum and correctly
expresses this as a product
from the given information
in the question.

e The candidate correctly
evaluates the expression
and is awarded the mark.
Mark for (a) = 1 out of 1

e The given information in
the question is incorrectly
translated. 0.5 V'is the
momentum of the 0.5 kg
particle before impact but
this is given as zero. On
the right-hand side of this
equation, the candidate
assumes the particles
coalesce after impact
which is also incorrect.
The method mark is not
awarded.

Q The calculation
continues to find V, but this
is not what was required in
the question and no further
marks are available.

Mark for (b) = 0 out of 2

Total mark awarded =
1 out of 3

How the candidate could have improved their answer

In part (a), the candidate correctly found the required momentum.

In part (b), the candidate assumed incorrectly that the 0.5 kg particle was moving with a speed " before impact
when, in fact, it was at rest. In addition, the candidate assumed that the two particles coalesced after impact since
the term 0.3(0.2 + 0.5) is the momentum of the combined particle. In this case, the V" used should have been zero
and, on the right-hand side, the two terms should be 0.3 x 0.2 + 0.5 x U where U is the required speed.

Common mistakes candidates made in this question

In part (b), multiplying 0.2 x 0.3 to obtain 0.6 rather than 0.06.

Not including all the relevant terms in their equation. Candidates should remember that the total momentum before
impact is equal to the total momentum after impact.
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Question 2

Example Candidate Response — high Examiner comments

2 A carof mass 1800kg is travelling along a straight horizontal road. The power of the car’s engine is
constant. There is a constant resistance to motion of 650N. .

(a) Find the power of the car’s engine, given that the car’s acceleration is 0.5.ms™2 when its speed
is20ms™L. (3]

e b= 2SN 2omsi@
...... Loz COOO e

0 The expression given
for the driving force has the
correct terms but incorrect
sign as both terms should
be positive.

@ The candidate uses
the relationship P = Fv
correctly and even
although the value of F'
is incorrect, a mark is
awarded.

e Due to the earlier
incorrect sign, the
candidate supplies an
incorrect answer and is not
awarded the final mark.
Mark for (a) = 1 out of 3

@ As the motion has
constant speed, the force
used in this equation
should be the friction force
and the candidate correctly
uses this. The power =
5000 found in part (a) is
incorrect but the method is
correct and is awarded a
mark.

e Even although the
candidate uses power =
5000 which is not correct,
their working continues to
their answer of 7.69 which
is correct to 3 significant
figures for this power. They
are awarded a follow-
through mark resulting in
full marks for this part of
the question.

Mark for (b) = 0 out of 2

Total mark awarded =
1outof 5

How the candidate could have improved their answer

* In part (a), the candidate should have written down Newton’s second law for the car as DF — 650 = 1800 x 0.5 and
this would have led to the correct sign in both terms. When the equation P = F'v was used, this would then give the

correct value of P =31000 .

« In part (b), although the candidate was awarded full marks due to the follow-through mark, they would have

obtained the correct answer if they had used P = 31000.

8
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Example Candidate Response — low

2 A car of mass 1800 kg is travelling along a straight horizontal road. The power of the car’s engine is
constant. There is a constant resistance to motion of 650 N.

(a) Find the power of the car’s engine, given that the car’s acceleration is 0.5 m s™2 when its speed

. -1 —— =05

is 20ms™. 650 -S> .\c/L; 2 [3]
........... IR I

.............. P60t e O
.................. = 13000 L) |

(b) Find the steady speed which the car can maintain with the engine working at this power. [2]

................. 101 o B = O N % Y < S
v
12000 1200¢

....................................... V—réée;aousrvesoe
132000 = 9O +650

w\? ..............................................

SRRSO K.Y~ X SOOI

1550
..................................... ch.?)g?
.......,..".........................-......‘ﬁ....?....g.c, ms..\,{ ................................

Examiner comments

n In the equation
P = Fv, the candidate uses
F’ as the frictional force and
does not take into account
the acceleration. They are
not awarded the method
mark.

@ However, the candidate
uses the equation P = Fv
with the value of F = 650
and the correct value of
v =20, so the B1 mark is
awarded.

0 Due to the earlier error,
the candidate does not
achieve the correct final
answer.

Mark for (a) = 1 out of 3

o The candidate includes
the effect of acceleration
here in their term
1800 x 0.5, but in this
part of the question the
car moves with constant
speed. The right-hand side
of this expression should
be 650 only, so no method
mark is awarded, and no
further marks are available.
Mark for (b) = 0 out of 2

Total mark awarded =
1outof 5

How the candidate could have improved their answer

* In part (a), the candidate should have written down Newton’s second law and used the given acceleration. This

would have led to the correct driving force.

* In part (b), the driving force used included a contribution from the acceleration. However, the acceleration used
only applied to part (a) since in part (b) the wording refers to constant speed. If the candidate had used the correct
driving force of 650 N in part (b), then they could still have scored full marks despite their error in part (a). This is a
question where a follow-through mark can be awarded provided candidates have used the correct method.

Common mistakes candidates made in this question

* In (a), using the driving force as 1800 x 0.5 — 650 rather than the correct form where both terms are positive.

»  Omitting the frictional effect.

» Using forces other than friction in part (b). It was vital that the driving force was the friction force only.
» Using acceleration in part (b) even although the question involved constant speed and hence zero acceleration.

9
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Question 3

Example Candidate Response — high Examiner comments

3

mkg

A block of mass m kg is held in equilibrium below a horizontal ceiling by two strings, as shown in the
diagram. One of the strings is inclined at 45° to the horizontal and the tension in this string is T'N.,
The other string is inclined at 60° to the horizontal and the tension in this string is 20N.

Find T and m. , v S , 51

................................................................................................................................................................

0 The candidate correctly
resolves the vertical forces.

9 The candidate resolves
horizontal forces correctly.

e The value of the tension
is correct to 3 significant
figures.

0 The candidate makes a
correct attempt to solve the
equations to find the mass
m.

e The candidate gives an
answer for m but only to
2 significant figures and
so the final mark is not
awarded.

Total mark awarded =
3 outof 5

How the candidate could have improved their answer

The candidate gave their answer correct to two significant figures but the rubric states that all answers should be

given to three significant figures unless otherwise specified.

10
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Example Candidate Response — middle Examiner comments

3
120N
1 ,QOS-; néo
(Cv.')'b 3 ~. Q0 0% Lo R
N i
A block of mass mkg is held in equilibrium below a horizontal ceiling by two strings, as shown in the
diagram. One of the sirings is inclined at 45° to the horizontal and the tension in this string is TN.
The other string is inclined at 60° to the horizontal and the tension in this string is 20 N.
Find T andm. . , : 5]

rdosnborTemys =W O @ -

aoceséc:TcaS%"GC%@ ....... . ..............................

.......................................................................................

0 Vertical forces are
resolved correctly but given
in terms of weight W which
must, at some stage, be
written in terms of mass.

e The candidate resolves
horizontal forces correctly.

@ The candidate solves
the horizontal equation to
find 7. It is over specified
(more than 3 significant
figures are shown) but as
it is correct to 3 significant
figures, the mark is
awarded.

0 The candidate simplifies
their vertical equation but
still does not include mass
and so is not awarded the
accuracy mark.

e The candidate does not
answer the question fully
since it is the mass that is
required.

Total mark awarded =
3 out of 5

How the candidate could have improved their answer

The work of the candidate was correct, but incomplete as the request in the question was to find the mass of the
block. The candidate did not use mass but gave their final answer as a weight. If the candidate had replaced their W

by mg and then solved for m, all marks could have been awarded.

1
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Example Candidate Response — low

. {Om
A block of mass m kg is held in equilibrium below a horizontdl céiling by two strings, as shown in the
diagram. One of the strings is inclined at 45° to the horizontal and the tension in this string is T'N.
The other string is inclined at 60° to the horizontal and the tension in this string is 20 N. :

Find T and m. - )

Examiner comments

n The candidate provides
a correct vertical resolution
of forces involving tension
and mass.

e The candidate makes
an incorrect attempt to
resolve forces horizontally.
Although the two forces on
the right-hand side of the
equation are correct, the
left-hand side introduces
the weight which is a
vertical force.

e The candidate solves
the two equations for
tension, 7, and mass, m,
but one of the equations
has an incorrect term.

o The solution for T'is
incorrect.

e The solution for m is
incorrect.

Total mark awarded =
2 out of 5

How the candidate could have improved their answer

The candidate included the weight, a vertical force, in an equation that was balancing the horizontal forces. If the
weight term in this equation had been omitted, the equations would have been correct, and they could have been
solved to obtain the correct answers.

Common mistakes candidates made in this question

Confusing sine and cosine when resolving the forces.
Using the weight and not writing this as mg in order to find the required mass.

Using mass instead of weight, leading to equations that were not dimensionally correct.

12
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Question 4

Example Candidate Response — high Examiner comments
4
v (ms™h)
A
20 2ims’
f 2
3
v _
|
I o
5} < i S \| -
o7 K >1(s)

The diagram shows a velocity-time graph which models the motion of a car. The graph consists of
four straight line segments. The car accelerates at a constant rate of 2ms™2 from rest to a speed of
20ms™! over a period of T's. It then decelerates at a constant rate for 5 seconds before travelling at a
constant speed of V'ms™ for 27.5s. The car then decslerates to rest at a constant rate over a period

of 5s.
(@) FindT. 1]
N SN e SO
v
ORI S OO .o~ N OO
t @ The candidate uses
........................................................................................................................................................ the Col’rect Constant
T=.20 0 acceleration equation with
................... L the given information and
........................................................................................................................................................ finds the correct value of
T=10.
o OSSR Mark for (a) = 1 out of 1

13
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Example Candidate Response - high, continued Examiner comments

(b) Givén that the-distance: travelled up to-the-pdint at whicﬁ the.car begins to move with constant
speed is one third of the total distance travelled, find V. 4]

(2.7 ,\_xloxlo X ,1.x§wa+v) ¥. A.xxlxtﬂ&r?:lﬂ ......
2 2 . 2 . e T

o Sor 2BV, =\ eSer3nSy) ©
k)

e The candidate finds
the distance travelled up
to the point at which the
car begins to move with
constant speed.

e The candidate correctly
represents the distance
travelled after the car
begins to move at constant
speed.

@ The candidate makes a
numerical error adding 100
and 50 to obtain 1050.

6 Despite the error,
the candidate uses a
correct method with the
information given in the

question and the % factor

positioned correctly.

@ Although the candidate’s
method is correct, the
earlier numerical error
means that their final
answer for V'is incorrect.
Mark for (b) = 3 out of 4

Total mark awarded =
4 out of 5

How the candidate could have improved their answer

In part (b), the candidate’s only error was a numerical one.

14
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Example Candidate Response — middle Examiner comments
4
v (ms™1)
A
20
14 ¥ : l
, |
X S !
{ i
p . {
0.. ,\A.‘.. i N o :t(S)
0 Lo o AR S

The didgram shows a velocity-time graph which models the motion of a car, The graph consists of
four straight line segments. The car accelerates. at a constant rate of 2ms™2 from rest td a‘speed of
20ms~! over a period of T's. It then decelerates at a constant rate for 5 seconds before travelling at a
‘constant speed of Vms™! for 27.5s. The car then decelerates to rest at a constant rate over a period
of 5s. -

(a) Find T. [1]

(,L ccelevadon

0 The candidate correctly

................ . Q = }__O__;Qo uses the given acceleration

t ‘ in the constant acceleration

............ - — % formula to find the required
= 10¢ - value of 7.

Mark for (a) 1 out of 1

15
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Example Candidate Response — middle, continued Examiner comments

(b) Giveén that the distance travelled up to the point at which the carbegins to-move with-constant
speed is one third of the total distance travelled, find V. [41

';C‘)l_'x;@,xzo ..... £, -éx@G*V))C5)+V?(S ............... e ssasssssinns

e The candidate correctly
expresses the distance
travelled up to the point
at which the car begins to
move with constant speed
by using the area under the
graph from¢=0to ¢ = 15.

@ By using the area under
the graph from =15 to
t =47.5, the candidate
correctly expresses the
distance travelled from
the time at which the
car begins to move with
constant speed until it
comes to rest.

o The candidate uses the
given information relating
the two distances which
were found earlier. The

1
fraction of — used is not
1
correct as the 5 stated in

the question relates to the
‘total distance travelled’
fromt=15tot=47.5.In
the method used here, the

% should in fact be % when

linking the two distances
which they have used.

e The candidate’s answer
is incorrect because of the
earlier error.

Mark for (b) = 2 out of 4

Total mark awarded =
3 out of 5

How the candidate could have improved their answer

1 1
If the candidate had used the factor 5 rather than E , they could have obtained the correct answer. In questions such

as this, when a fraction or ratio relates different distances, a diagram can be a great help.

16
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Example Candidate Response — low
4
v (ms™1)
A
20
v \
i
]
| ¢
\
0 - i : > 1(S
6 . . T 55 yhg 3308 ®

The diagram shows a velocity-time graph which models the motion of a car. The graph consists of
four straight line segments. The car accelerates at a constant rate of 2ms ™2 from rest to a -speed- of
20ms™! 6ver a period of Ts. It then decelerates at a constant rate for 5 seconds before travelling at a

constant speed of Vms~ ! for 27.5s. The-car then decelerates to rest at a_constant .z rate over a perjod
of 5s. —

(@) FindT. ’ . [1

(b) Given that the distance travelled up to“the point at which the: car begins to.move with constant
speed is one third of the total distance travelled, find V. 4]

Y 9-
................................................................ R (gm 5 Y. ) N
> Y 3 )
R T S ST A .12 A
o
........... LT A= Ao =T 0= T A
0 :
...................... ! OO—-‘é,,%v
N 2
...................... VR 0O .
g0
= 378 me e

Examiner comments

n The candidate
expresses the acceleration
correctly using the gradient
of the line from =0 to
t = T and finds the correct
value of T'as 10.

Mark for (a) = 1 out of 1

@ The candidate produces
a correct expression
representing the distance
up to the point at which the
car begins to move with
constant speed.

Q The candidate
introduces the factor

— incorrectly in this

expression. It is not
required until they find the
total distance travelled.

@ The 22.5 is incorrect
since these two terms do
not represent the distance
travelled after the car
begins to move at constant
speed.

e The wrong factor of%

introduced earlier leads to
an incorrect equation and
hence their final value of I/
is not correct.

Mark for (b) = 1 out of 5

Total mark awarded =
2 out of 5

17
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How the candidate could have improved their answer

1

* Here, the candidate tried to introduce the — factor too early in the calculation when they had only found part of the
required distance. 3

» Also, when calculating the distance travelled, they did not consider one of the areas (which represented distance).

1
A simple diagram showing how the g relates to the distances would have been useful in attempting to set up the
equation.

Common mistakes candidates made in this question
» Using the wrong factor to relate the distances. If total distance is related to distance up to when the car travels
at constant speed, then the correct factor is l If the two distances before and after it begins to travel at constant

1
speed are used, then the factor is 5

* Omitting some of the areas needed to evaluate the required distance.

18
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Question 5

Example Candidate Response - high 1 Examiner comments

5

A particle is projected vertically upwards with speed 40 ms™ alongside a building of height Zzm.

[4]
,"£° ......... uzdo.... ve0. .1 =99
N euret

ahc?«%@tcwb ........ /:w”m N W
B Y AN |

........................................................................................................................................................

a The candidate correctly
finds the time taken to
reach the highest point.

@ The candidate uses
the information given
in the question to find that
the time taken to reach
the top of the building is 2
seconds.

@ The candidate uses
a constant acceleration
equation to find the height
of the building.

o The candidate’s
evaluation is correct.
Mark for (a) = 4 out of 4

19
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Example Candidate Response — high 1, continued Examiner comments

(b) One second after the first particle is projected,. a second particle is projected vertically. upwards
from the top of the building with speed 20ms™.

Denoting the time after projection of the first particle by ¢s, find the value of ¢for which the two
particles are at the same height above the ground: [4]

6 The candidate correctly
expresses the height of
the first particle above the
ground after ¢ seconds.

e The candidate correctly
expresses the height of
the second particle above
the ground after ¢ seconds.
Note their correct use of

t-1).

@ The candidate equates

o ' . the two expressions for
or/ﬂfos Mﬁﬁc[g = height to find the time at
-3 /5/: 720 which the particles are at

------------ the same height.

(&Z/V' l ﬂ&é g G The candidate makes

A4 an error in simplifying: the
—5 on the right-hand side

M has already been included
--------- o | inthe =35 term.
C -fa :..120 C{«—’ l) ’Rf’”
a e 9 As a result of the
--------------- error, the final answer is
incorrect.
Mark for (b) = 3 out of 4

Total mark awarded =
7 out of 8

How the candidate could have improved their answer

* In part (a), the candidate used one of several possible different approaches and their response was totally correct.

* In part (b), the method used by the candidate was correct, taking particular notice of the time lag of one second by
using the term (¢ — 1). Their error occurred when manipulating their equation and so the final answer was incorrect.
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Example Candidate Response — high 2, continued Examiner comments

5. A particle is projected vertically upwards with speed 40mis™ alongside.a building of height Am.
(a) Giyen that the particle is above the level-of the top of the building for 4, find 7. ’ [41

The time taken for
the particle to reach the

......... ?L%mou}:/‘f'fg“mm [l\ [P L R R OTOON h|ghest point is Correcﬂy
. , ‘ evaluated.

9 The candidate correctly
uses the information given

l’\%«fﬂ’ Pmmt 4t. (2 ......... él 9.z 3(: ......... S, " | to determine the time taken

...................................................... L2479 for the particls o reach the
IS top of the building.

L\%(’s ....... WLA ........... AZ ..... [4 ..... - %:Ze ........................ © The cancidste o

fseemsascssrinssssasrrnernnensnrorcosetnrcssssrensherloriiiac e esrecennay, a Constant aCCeIerathn
equation with the value
t =2 as found earlier.

o ' S @ The height of the
L\ T N et eeee st building is correctly

S’O ~ 10 :60:"1 [4) } evaluated.

reremeenennserssnnsensa¥nmmnennn 0 L LT Mark for (4) 4 out of 4
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Example Candidate Response — high 2, continued Examiner comments

5.(b) One sécond. after the first particle is projected; a second particle is projected vertically upwards e The candidate uses the
from the top of the building with speed 20 ms~. ‘ alternative method outlined

Denoting the time after projection of the first particle by ¢s; find the value of # for which the two in the_ mark scheme, finding
particles are at the same height above the ground. [41 the d_lstance_ tra\_/elled py
) the first particle in the first

ettt e e s ettt sere s ene s asaasaees SUSSURNIVINTSRTRNIy ¥ # PNy £ SOOI PR second of motion.

@ The candidate’s
S S .4 b bO calculation is incorrect as
T ' this should be 40 — 5 = 35,
..... . not 37.5.

) Th didate finds th

= 375 particle after one second of
.................................. ‘BMG motion.

— e This is the distance
....................................................................................................... V—L,0~70 ') travelled by the first

= 3om/ @ particle in t, seconds after
e eeteteserereneeseseatgr e tesbenen et arsas s renescebnrsane % the second particle is

= >6~ tz 9 projected.
R

eeigeeereenresessstaeansteesansruess ieaseteseesnsensasns eenrenebrns " rrterrtenserienraarronsssanesinsenassrsorenes 9 The candidate
Ny : calculates the distance

i Ll e riersereeneesssensenes iessrrssateesesesaronns . travelled by the second
< =7204L - _5/&7' +[é0~77’}-5')° particle in the first 7,

........................................... | ORI, K * A SUNRURURRRIROE, T8 40 =N AUt s SO . h
Cail seconds of its motion. The

517/0[',‘6— f{ 1+ 2 5\ .......................................................... distance in the bracket is
the distance between the
L PP TE T PTPT PRI .Z emrarireteeesrueserresatttsarentsesess iitiautsiatestsiriassntrnsenrnaery Teerieesreinnivestsstorsnerersere partlcles after one Second
2 0(7‘ - §£k = 1o - {é}t +27 J‘@ _____________________ which means that the two
......... g Tk e ‘ expressions for s can be
LY/ a2 equated. Their error of 37.5
is carried through.
5L,Z'l§‘§ .................................................................................................

@ They equate correctly
the two expressions for
........................................................... distance but 22.5 should be

= B 126, @ | =

@ The candidate’s final
answer is incorrect due to
their error earlier.

Mark for (b) = 2 out of 4

Total mark awarded =
6 out of 8

How the candidate could have improved their answer

* In part (a), the candidate correctly found the required height of the building.

* In part (b), the candidate used an alternative method which was to find where the first particle was at the instant
the second particle was projected. To do this, they found the distance travelled in one second and the speed of
the particle after one second. The candidate correctly evaluated the speed but made a numerical error in finding
the distance travelled. The method they used was correct throughout, but the numerical error meant that it was not
possible to achieve the correct result.
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Example Candidate Response — middle Examiner comments

5 A particle is projected vertically upwards with speed 40ms™! alongside a building of height A m.

(a) Given that the particle is above the level of the top of the building for 4, find . [4]
Dw o @
C"— ’ 4= 40 V2wt Qas
Y =0 0=¢doz+aco)s @@
o a=-1o Ros= tboo
{ £ 6 s<Som @
o I
U= 40 = ut + ok
Ve d-= “xD) + 5 (-10)2* e
A= -0 d-svs—20
£= 2¢ d= o

h= 30w —0own 0
's&em

(b) One second after the first particle is projected, a second particle is projected vertically upwards
from the top of the building with speed 20 m sl

Denoting the time after projection of the first particle by ¢s, find the value of ¢ for which the two

particles are at the same height above the ground. [41
sz.S 25720
WHO U2
A e

........ " . e

......... — e

Scx T Ho-TE* @) = 20680 ~5 (62 - 2c+D 120
...... B0t s o575
e
RN AE AT T XSS,
Yo -s€t =20k-s25 @
% {’S = 20}C e,
Us=20t

o This is correct use of
a constant acceleration
equation to find s, the
distance to the highest
point.

e The candidate evaluates
the height correctly.

@ The candidate uses
t =2 but does not explain
fully where this value comes
from. They find d which is
not shown on a diagram.

Q The candidate subtracts
80 — 60 but gives no
reasoning. This does not
represent the required
height.

Mark for (a) = 2 out of 4

e The candidate obtains a
correct expression for the
displacement of the first
particle from the ground
after ¢ seconds.

© In the candidate’s
equation, the right-hand
side shows the correct
displacement of the second
particle from its starting
point after ¢ seconds, with
correct use of (£ — 1).
However, the 20 on the left-
hand side is their incorrect
value of the height of the
building.

@ The candidate uses a
correct method to equate
the two displacements,
but the equation involves
an error as they use 20
instead of 60 for d.

@ The final answer is
incorrect because of their
earlier error.

Mark for (b) = 3 out of 4

Total mark awarded =
5 out of 8
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How the candidate could have improved their answer

In part (a), the candidate found the maximum height correctly as 80 m. They did not explain where their value of

t = 2 came from, then they used this value to find d which they did not explain. The final incorrect answer comes from
subtracting 80 — 60. If they had explained that ¢ = 2 was the time taken to reach the top of the building, and then used
this to find the height of the building, they could have obtained the correct answer. They did find the correct height of
the building, d = 60, but should not have subtracted it from 80.
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Example Candidate Response — low

5  Aparticle is projected vertically upwards with speed 40ms™! alongside a building of height £ m.

(a) Given that the particle is above the level of the top of the building for 4s, find A.

(b) One second after the first particle is projected, a second particle is projected vertically upwards
from the top of the building with speed 20ms™.

Denoting the time after projection of the first particle by s, find the value of £ for which the two
patticles are at the same height above the ground. 4]

[41

Examiner comments

0 The candidate correctly
evaluates the time taken to
reach the highest point.

e The candidate uses
t = 4 correctly to find the
greatest height reached by
the particle.

@ Further work is needed
to find the required height
of the building. The
candidate does not use
the information given in
the question relating to
the time that the particle is
above the building.

Mark for (a) = 2 out of 4

o A correct expression
for the distance travelled
by the first particle after ¢
seconds.

@ The candidate attempts
to find the distance
travelled by the second
particle after ¢ seconds.
This is incorrect since
(t=1) should appear in
both terms, not only the
first one.

G The candidate states
incorrectly that the
distances travelled by both
particles are the same.
These distances should
differ by 60 m which is the
height of the building, but
they did not find this in part

(a).

ﬂ Because the candidate
uses the incorrect
relationship S, = S, their
value of ¢ is incorrect.
Mark for (b) = 1 out of 4

Total mark awarded =
3 out of 8
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How the candidate could have improved their answer

In part (a), the candidate correctly found the maximum height of the particle. However, they did not continue beyond
this. They should have used the information given in the question that the particle spent 4 seconds above the building
and interpreted this as taking 2 seconds going upwards and 2 seconds going downwards. They could have used this
to find the distance the particle would fall from rest at its highest point in 2 seconds: 20 m. By subtracting this from 80,
they would have found the required height of the building: 60 m.

Common mistakes candidates made in this question

* In part (a), using 4 seconds (given in the question) as the time it took for the particle to reach its highest point. In
fact, this referred to the total time that the particle spent above the building.

* In part (b), errors in finding the distance travelled by the second particle. This was often because they did not use
the fact that the particles were projected 1 second apart. They could incorporate this by using the time (¢ — 1) for
the second particle instead of using the same ¢ value for both particles.

» Equating the two distances travelled by the particles but, in fact, they started their motion 60 m apart as found in
part (a).

26
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Question 6

Example Candidate Response — high Examiner comments

6 Ablock of mass.5 kg is placed on a plarie inclined at 30° to thechorizontal. The. coelﬁcxent of frictioh
between the block and the plane is p: :

- (ay

Fig. 6.1

When. a force of fiaghitude-40 N is applied to.the block, acting up the plane parallel to a line of
greatest slope, the block begins to slide up the plane (see Fig. 6.1).

Show that 4 < 1\/—

................................ RSO

60530 0 _ A a The candidate provides
S o a correct expression for the
normal reaction.

9 All the candidate’s
terms are correct but since
motion is taking place, the
equals sign should be a >
sign.

e The candidate uses

F = mu x R correctly but
with an equals sign rather
than an inequality.

@ The candidate states
the given answer without
providing a convincing
argument.

Mark for (a) = 3 out of 4
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Example Candidate Response - high, continued Examiner comments

6 (b)

3

. ¥

LU
P

6 The candidate provides
a correct expression for the
normal reaction.

‘When-a force of magnitude 40N is.applied horizontally, in a vertical plane containing a line of
greatest slope, the block does not move (see Fig. 6.2).

6 The candidate’s

Show- that, correct to 3 decimal places, the least possible value of p is:0.152. 4] expression for the friction
. Co - ‘ term is correct and they
z S
R 204 20005300 use F = 11 x R.

......................................................................... @ The candidate
- rearranges the above
............................................... ‘ equation correctly.

e 4 © Al the candidate’s
frerersiesestars e sbesteshn s asnares teergfeoranions@eoinnnn QY7 FRTIPP rereres e bererbeane Working is correct, and

. M their answer is correct to 3
decimal places as required.
Mark for (b) = 4 out of 4

Total mark awarded =
7 out of 8

How the candidate could have improved their answer

In part (a), the candidate assumed that no motion was taking place which was incorrect, hence they formed an
equation rather than an inequality. When resolving forces along the slope, the equation should be stating that the force
acting up the slope is positive. This would then lead to the correct inequality which is given in the question.
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Example Candidate Response - high, continued Examiner comments

6  Ablock of mass 5kg is placed on a plane inclined at 30° to the horizontal. The coefficient of friction
between the block and the plane is p.

(@

Fig.6.1

When a force of magnitude 40 N is applied to the block, acting up the plane parallel to a line of
greatest slope, the block begins to slide up the plane (see Fig. 6.1).

1
Show that u < 143. 4] © The candidate gives a

correct expression for the
normal reaction on the
block.

9 The candidate resolves
the forces along the block
correctly for a case of no
motion, but as motion is
taking place the equals
sign needs to be an
inequality.

e The candidate uses
F = p x R for friction
correctly but introduces an
incorrect inequality.

0 There is an attempt to
state the given inequality,
but it should read < rather
than >.

Mark for (a) = 3 out of 4
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Example Candidate Response - high, continued Examiner comments

6 (b)

Fig. 6.2

When a force of magnitude 40 N is applied horizontally, in a vertical plane containing a line of
greatest slope, the block does not move (see Fig. 6.2).

Show that, correct to 3 decimal places, the least possible value of pis 0.152. 41

9 The candidate resolves
forces parallel to the
slope correctly, giving the
frictional force.

@ The candidate resolves
forces perpendicular to the
slope, giving the correct
normal reaction.

a The candidate links the
values of F'and R using
F < p x R and substitutes
the numerical values
correctly.

© The value of the
coefficient of friction is
correct to 3 decimal places
as requested.
Mark for (b) =4 out of 4

Total mark awarded =
7 out of 8

How the candidate could have improved their answer

* In part (a), the candidate used an incorrect inequality throughout the question, and this meant that they were not
awarded the final mark. The candidate needed to make a statement that motion would take place when
40 > F' + 5g sin 30, leading to F' < 15. This would have resulted in the given inequality.

* The candidate’s response to part (b) was fully correct.
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Example Candidate Response — middle Examiner comments

6  Ablockof mass 5kg is placed on a plane inclined at 30° to the horizontal. The coefficient of friction
between the block and the plane is p.

(@)

Fig. 6.1

‘When a force of magnitude 40.N is. applied to. the block, acting up.the.plahe parallel to a line of
greatest slope, the block begins to slide up the plane (see Fig. 6.1). 0 The candidate correctly

Show thatp< 1v3. 4] | evaluates the normal
reaction.

@ The candidate suggests
that the forces acting along
the slope are in balance. In
fact, there should be a net
force acting up the plane
which should be shown by
replacing the = sign with a
> sign.

e The candidate reaches
a correct extreme value of
the coefficient of friction,
but they do not provide a
convincing argument that
this is the maximum value.

S Mark for (a) = 3 out of 4
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Example Candidate Response — middle, continued Examiner comments

6 (b)

 Fig.62

‘When a force of magnitude 40N is applied horizontally, in a vertical plane containing a line of
greatest slope, the block does not move (see Fig. 6.2).

Show that, correct t& 3 decimal places, the least possible value of p is 0.152. 4]

o The candidate attempts

o ata e to find the normal reaction
.................................................... . = F o bUt the Sign Of the term
40 sin 30 is incorrect.
: Y N ~ = 220 .
.............. %/"L..m TLELR. J'; RO, ...7.-.. e Although the Candldate
________ g =233/ does not state this, the first
o two terms of this equation
........ A..;%Q..%méc%,::—.hR..=...._..S.<5c;o.< R 22N represent the friction term.
. R oo TASTEeIERN
............................................. bry ESAN A - e The cand|date uses the
("5 W — _ e YR TR relationship /=y x R
but with an incorrect
........... .%QCGs.%Q.—Z,%.- LSRN 3 s ST OO UU AR SURTOT expression for the normal
TS - SN U - ; W reaction R.
S e eees s ee et ee s eem et ee et e er e omst st sa s sn e sr s h st [RTTN e The candidate does
B not find a final value of the
...;...........!—..LC).CQ.‘%%.Q....-‘k'...tf.,‘.—..‘.r.'...&&.........:..’.Q..‘.., ................................................................ Coeﬁ:ICIent Of frlCtIOﬂ as
........... Bt =202 E 2 et requested.
A Mark for (b) = 2 out of 4
................... ' UQCQ$§Q+L~33”‘1$=®G
eJs = 2au0ces30 Total mark awarded =

....................................................................................................................................................... 5 out of 8

How the candidate could have improved their answer

* In part (a), the candidate made no attempt to show that motion was taking place. All their equations related to
equilibrium. If they had stated that the force acting on the block up the slope was positive, this could have led to the
required inequality.

* In part (b), the candidate found an incorrect value of the normal reaction R because of a sign error in resolving
forces perpendicular to the slope. A better diagram showing all forces might have helped them correct this. They
could have attempted to find the coefficient of friction at the end.
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Example Candidate Response — low Examiner comments

6 A block of mass 5 Kg is placed on a plane inclined at 30° to the horizontal. The coefficient of friction
between the block and the plane is . -

(a)

I3 P Qe = hev Fig. 6.1

‘When a force of niagnitude 40 N is-applied to the block, acting up-the plane parallel to a line of
greatest slope, the block begins to slide up the plane (see Fig. 6.1).

Show thatp < 1y3. 93¢ o172 ' [41
......... R 1.

(1] © The candidate gives a
............ ‘ e Sorrect value for the hormal
....... hotmad. Cohponenk Y7 20 Mg cas® 2. Qrﬁ/ﬂ?a reaction.
enkXigrion 2 (stm@)*)eli‘ww\’-) ...... (25) © The candidate does

‘ —_— not explain that they are

.................................. ' DA resolving along the slope.

the given answer without

proof.

...................................... Q\ e © The candidate states
Y T —
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Example Candidate Response - low, continued Examiner comments

(b)

Fig.6.2

‘When a force of magnitude 40 N is applied horizontally, in a vertical plane containing a line of
greatest slope, the block does not move (see Fig. 6.2).

Show that, correct to 3 decimal places, the least possible value of is 0.152. [4]
@Y/ﬂ ....... OB £103.525.00. 7. 00530 @
........................... D L2320
eoerrrenueees . e --------------------------------- o The candidate attempts
S TAT I AR JEA A, to find the normal reaction
...... @.£.2.... pgsda.. L. o find the normal react

.................................................................................................... 40 sin 30 is incorrect.

-------- ey @ The candidate attempts
to find friction but the force
of 4 N should be 40 N.

F = v _ @ The candidate states
................................................ e ancwor without oot

Mark for (b) = 1 out of 4

(M):) Sy = Total k ded
""""" PRl otal mark awarded =
// ......... 2 out of 8

How the candidate could have improved their answer

* In part (a), the candidate needed a clear explanation of resolving forces along the plane. Once friction had been
found in the form F < 15, they could have used F' = u x R to prove the given inequality convincingly. This means
showing all working when an answer is given.

* In part (b), they made a sign error in finding the normal reaction and they did not use the correct forces when

F
finding the friction term. If they had done this, they could have evaluated the coefficient of friction as — leading to
0.152 to three decimal places. R

Common mistakes candidates made in this question

A common error was to find the required value in part (a) but not offering a convincing proof that it was a maximum.
This was generally due to using an equals sign instead of the correct inequality.

» Using the same normal reaction in part (b) as in part (a) instead of a two-term expression.

» Sign errors in the evaluation of friction and normal reaction.

» Using sine and cosine incorrectly in the components when resolving forces.
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Example Candidate Responses — Paper 4

Question 7

Example Candidate Response — high Examiner comments

7  Aparticle P moves in a straight line, starting from a poi'nt O with velocity 1.72ms™!: The acceleration 0 The candidate .
ams2 of the particle, t s after leaving O, is given by a = 0.1t%. integrates correctly to find
V.

(2) Find the value of r when the velocity of P is 3ms™L. [4]

e The candidate obtains
the constant of integration
correctly.

@ The candidate attempts
to solve the equation to
find the time at which the
velocity is 3 metres per
second. Their method is
correct but a numerical
error led to 73.28 rather
than 32.

o The candidate gives an
incorrect final answer.
Mark for (a) = 3 out of 4

© The candidate
integrates correctly to
find an expression for the
displacement.

@ The candidate finds
the correct constant of
integration.

ﬂ The candidate uses
the value ¢ = 2 to find the
required displacement.

@ The candidate’s value of
s is correct.
Mark for (b) = 2 out of 3

Total mark awarded =
6 out of 7

How the candidate could have improved their answer

* In part (a) they could have checked for arithmetical errors in order to obtain the correct answer of ¢ = 4.
* In part (b) their solution was fully correct.
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Example Candidate Response - high, continued Examiner comments

7  Anparticle P moves in a straight line, starting from a point O with velocity 1.72ms™!. The acceleration
ams™? of the particle, ¢s after leaving O, is given by a = 0.1t%.

(a) Find the value of 7 when the velocity of P is 3ms™. [4]

© The candidate
integrates correctly to find
V.

e The candidate uses
an initial condition to find
the constant of integration
correctly.

e The candidate sets up
an equation to find the time
at which v = 3.

0 The candidate attempts
to solve the equation.

6 The candidate’s solution
is correct.
Mark for (a) = 4 out of 4
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Example Candidate Response - high, continued Examiner comments

(b) Find the displacement of P from O when ¢ = 2, giving your answer correct to 2 decimal places.
\ 3]

@ The candidate
integrates correctly to find
the displacement.

0 The candidate uses the
correct limits. When =0
the expression equates to
Zero.

@ The candidate evaluates
both terms correctly.

© The candidate’s final
answer is only given to 2
significant figures whereas
the rubric requires 3
significant figures.
Mark for (b) = 2 out of 3

Total mark awarded =
6 out of 7

How the candidate could have improved their answer

* The answer to part (a) was correct.

* In part (b) all the working was correct, but the candidate should have given the final answer as 3.57 (correct to 3
significant figures) rather than as 3.6 (to 2 significant figures). The rubric for this paper states the requirement to

give all non-exact answers to 3 significant figures.
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Example Candidate Response — middle Examiner comments

7  Anparticle P moves in a straight line, starting from a point O with velocity 1.72ms™!. The acceleration 0 The candidate crosses

ams™? of the particle, s after leaving O, is given by a = 0.1133?. out their work and replaces
it so the replacement work
(a) Find the value of £ when the velocity of Pis 3ms™!. [4] is marked.

e The candidate attempts
to integrate to find v but
makes an error in the
coefficient of the first term

which should be i rather

than i
15

@ The candidate uses the
correct method to find the
value of t when v =3, but

1
the incorrect — is seen
here. 5

0 The candidate’s final
answer is incorrect due to
the earlier error.

Mark for (a) = 2 out of 4

e The candidate uses
the correct method of
integration to find the
displacement but their
earlier error results in an

2
incorrect coefficient —
75

which should be i
175

6 The candidate applies
the given limits correctly
to the expression for
displacement.

0 The candidate’s error
in part (a) results in an
incorrect final answer.
Mark for (b) = 2 out of 3

Total mark awarded =
4 out of 7

How the candidate could have improved their answer

» The candidate attempted to integrate but although the power of the first term was correctly increased by one, the
coefficient of this term should have been divided by the new power of 2.5 which would have led to the correct
expression for displacement. Their method used to solve for ¢ was correct. If they had carried out the initial
integration correctly, they could have obtained the correct answer of 1 = 4

* In part (b) the error meant that, although they used the correct method, their final answer was incorrect.
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Example Candidate Response — low Examiner comments

7 Aparticle P moves in a straight line, starting from a point O with velocity 1.72ms™!. The acceleration 0 The candidate’s

ams™? of the particle, s after leaving O, is given by a = O.It%. _expressiqn for acceleration
is a function of ¢ but the
(a) Find the value of 7 when the velocity of Pis 3ms™1. 4] | equation for constant
acceleration is wrongly
......................................................................................................................... used.
3‘73
........................... O.. n"-’p.O"tz‘ .
. ™| @ Although the candidate
..................... st ook m AFR 5 0A%S @ | Uses the condition at
‘ t =0, their original method
............................... Bttt e et et e ees e esese e is incorrect and cannot be
NG SRS B> N S0 38 2 SO awarded any marks.
-3 .
.................................... e N SO .. OO 0 The candidate’s answer

is incorrect due to earlier
........ : B e Emlqz\‘ﬁge errors.

Mark for (a) = 0 out of 4

(b) Find the displacement of P from O when ¢ = 2, giving your answer correct to 2 decimal places.

31 O Although the candidate
found v by incorrect
O VT = B G T methods, they attempt to
find displacement using
the correct method of
integration.

........................................................................................................................................................ © Atthough the
candidate’s expression for
.....ﬁ—..?.-..D..,..<.§..'—_.-:..Q..%.......C.F:—.CO..........‘......‘.....................‘.................m................. displacement iS inCOI‘reCt,
they use correct limits.

k-3

........... 9«‘ e AR R T T et et 6 The candidate’s final

> answer is incorrect as they
............. @ Ho0d the wrong method 1o

- = - 4. 2 1,82 N oo 30 @B find v. However, they are

k2 P 82 ARR SR K g B B 3.6 D) e allor eV are
here.
Mark for (b) = 2 out of 3

Total mark awarded =
2outof 7

How the candidate could have improved their answer
« In part (a), acceleration was given as a function of time, so the candidate should have used integration to find the
velocity. If they had integrated and then applied the initial condition, they could have set v = 3 and solved for ¢.

* In part (b) they used the correct method of integration but with their incorrect expression for v found in part (a). If
they had used the correct v, the method they used here would have produced the correct solution.

Common mistakes candidates made in this question

* Using the equations for constant acceleration when the acceleration was not constant. Whenever a problem
involves acceleration as a function of time, then integration techniques must be applied.

» Solving the equation in part (a) which involved a fractional power.

* Not including all the terms in the expression for v in part (b), usually because the constant of integration for v had
not been found correctly.
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Question 8

Example Candidate Response — high Examiner comments

8

A
@

03kg

Two particles A and B, of masses and@respecuvely, are attached to the ends of a light
inextensible string. The string passeés over a fixed smooth pulley which is attached.to a horizontal
plane and to the top of an inclined plane. Thé particles are initiz ly&z/ith A on the horizontal
plane and B on the inclined plane, which makes an angle of(30% with the horizontal. The string is
taut'and B can move on a line of greatest slope of the inclined plane A force of magmtudedis
applied to B acting down the plane (see diagram), )

(@) Given mo?t B]oth planes are smooth, find the tension in the string(and'the acceleration of B [5]
......... 8.2 0smd = (000 (sin3e) 2 2SN
.......... et A
......... W“\%Jr%SCOB*OQqa
B Yo S R

& = 09

%-?S

0 The candidate applies
Newton’s 2nd law to the
system of two particles so
does not need the tension.
The equation is stated
correctly.

@ The candidate solves
the equation correctly and
gives the correct value of a.

@ The candidate attempts
to apply Newton’s 2nd law
to particle B. However, they
do not include the driving
force of 3.5 N which acts
on B. Also, the signs of the
terms on the left-hand side
are incorrect.

o The candidate finds a
value of T but it is incorrect
because of errors in their
equation above.

Mark for (a) = 3 out of 5
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Example Candidate Response - high, continued Examiner comments

(®) 1tis given instead that the(fwodplanes are rough, When each pasticle has moved a distance of © The candidate finds the
om rest, me@/w,@( done against friction is(L11.) 0 work done by the driving

o : force correctly.
Use an energy method to find the speed of B when it has moved this distance down the plane.

[You should assume that the string is sufficiently long so that A does not hit the pulley when it ) .
moves 0.6 m.] [4] e The candidate finds the

loss of potential energy
correctly.

@ The candidate evaluates
the kinetic energy gained
and correctly includes the
effect of both particles.

© The left-hand side of the
candidate’s work-energy
equation consists of the
effect of the driving force
and the potential energy.

9 The right-hand side of
the candidate’s equation
correctly shows the effect
of the work done against
friction and the increase in
kinetic energy. All terms in
the equation are correct.

@ The candidate solves
the equation correctly to
find the correct speed of
particle B.

Mark for (b) = 4 out of 4

Total mark awarded =
7 out of 9

How the candidate could have improved their answer

In part (a), the candidate used the system equation correctly and this enabled them to find the acceleration. They
needed to set up an equation for 7 from either of the two particles and they chose particle B. They stated correctly that
the acceleration of 7.5 is down the plane, but two of the forces used in their equation have the wrong sign and they
omitted the driving force. The correct equation would have been 3.5 + 0.5g sin 30 — 7'= 0.5a. Using the value of a they
found earlier would have led to the correct value of the tension as 2.25 N.
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Example Candidate Response - high, continued

Examiner comments

Two particles A and B, of masses 0.3 kg and 0.5 kg respectively, are'attached to the ends of a light
inextensible string. The string passes over a fixed smooth pulley which is attached to a horizontal
plane and to the top of an inclined plane. The particles are initially at rest with A on the horizontal
plane-and B-on the inclined plane, which makes an angle of 30° with the horizontal. The string is
taut and B can move on a line of greatest slope of the inclined plane. A force of magnitude 3.5 N is
applied to B acting down the plane (see diagram).

. (a) Given that both planes are smooth, find the tension in the string and the acceleration of B.  [5]

i @+3~§~7’= O-qu colen Be03

- Tt 6- 0335 @ .
T:0%a.@........ 62080

(2% @

...... [0.3x128 e
...... IREL LV 5 T

0 The candidate applies
Newton’s 2nd law correctly
to particle B.

@ The candidate applies
Newton’s 2nd law correctly
to particle A4.

e The candidate sets up
an equation and then solve
simultaneously using the
substitution method.

0 The solution is incorrect
due to a numerical error in
the calculation.

e The candidate
substitutes the value of a in
order to find 7. The method
is correct, but they use
their incorrect value of a.
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Example Candidate Response - high, continued Examiner comments

(b) Itis given instead that the two planes are rough. When each particle has inoved a distance of
0.6 m from rest, the total amount of work done against friction is 1.17J.

Use an energy method to find the speed of B when it has moved this distance déwn the plane:
[You should assuine that the string is sufficiently long so that A does not hit the pulley when it
moves 0.6 m.] - [4]
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@ The candidate evaluates
the kinetic energy of the
system correctly.

ﬂ This is correct for the
potential energy of the
system.

@ The candidate uses the
work-energy equation. On
the left-hand side is the
work done by the driving
force and the work done
against friction.

© On the right-hand side
of their equation is the
kinetic energy and potential
energy.

@ All terms in the work-
energy equation are correct
and with the correct sign.

m The candidate solves
the equation and finds the
correct speed of particle B.
Mark for (a) = 3 out of 5
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Example Candidate Response - high, continued Examiner comments

8 If you use the following lined page to complete the answer(s) to any question(s), the question number(s)
must be clearly shown.

@ Rough work is crossed
out and not marked.
Mark for (b) = 4 out of 4

Total mark awarded =
7 out of 9

How the candidate could have improved their answer

* In part (a) the candidate has shown two relevant equations for the particles 4 and B correctly. They made an error
in solving the equations 6 + 0.8 is in fact 7.5 and not 1.25 as the candidate stated. This error affected their value of
T which should have been 2.25 N.

» In part (b) they used the work-energy equation correctly and obtained a correct answer.
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Example Candidate Response — middle

Examiner comments

_e
0‘3;kg
2
55
-51\‘

Two partlcles A and B, of masses 0.3kg and 0.5kg respecuvely, are attached to the ends of a light
inextensible string, The string passes over a.fixed smooth pulley which is attached to a horizontal
plane and to the top-of. an inclined plane. The particles are initially at rest with- A on the horizontal
plane and B on the inclined plane, which makes an angle of 30° with the horizontal. The string is
taut and.B can move on a line of greatest slope of the inclined plane. A force of magnitude 3.5 N is
applied to B acting déwn the plane.(see. diagram).

(a) Given that both planes are smooth, find the tension in the string and the acceleration of B,  [5]

© The candidate applies
the correct system
equation.

@ The candidate’s value of
a is incorrect.

Q The candidate applies
Newton’s 2nd law correctly
to particle B.

o Since the candidate’s
value of @ was incorrect,
their value for T is also
incorrect.

Mark for (a) = 3 out of 5
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Example Candidate Response — middle, continued Examiner comments

(b) Itis given instead that the two planes are rough. When each particle has moved a distance of
0.6 m from rest, the total amount of work done against friction is 1.17J.

Use an energy method to find the speed of B when it has moved this distance down the plang.
[You should assume that the string is sufficiently long so that A does not hit the pulley when it
moves 0.6 m.] [4]

v “Od bj’ d( \I\y\_ﬂ Foﬂ:g,— ((Aé bj regqhve FO\'Q&—- S_C\ln; . |<€
+ 9.2in irgpe

e The candidate finds the
kinetic energy of particle
B but this work-energy
equation must also include
the effect of the kinetic
energy of particle 4 which
moves with the same
speed.

The candidate finds
the potential energy loss
correctly.

0 The candidate’s final
two terms include an
undefined mass m and
so, at this stage, it is not
possible to see what these
terms represent.

e The candidate’s final
work-energy equation does
not include the kinetic
energy of particle 4. There
is also no consideration of
the work done by the 3.5 N
driving force.

@ Due to missing terms in
their work-energy equation,
the candidate reaches an
incorrect answer.

Mark for (b) = 1 out of 4

Total mark awarded =
4 out of 9

How the candidate could have improved their answer

* In part (a), the candidate has stated the system equation correctly. Their error appeared when combining the two
terms on the left-hand side of the equation, resulting in an incorrect value of a. If they had simplified the equation
to 6 = 0.8a and solved for a, they would have obtained the correct value of 7.5. They also stated the equation
involving T correctly and, had they used a as 7.5, would have obtained the correct value of the tension as 2.25.

* In part (b), two terms are missing from their work-energy equation. They should have included the kinetic energy of

1
particle A4, 5 x 0.3 x 2, and the work done against friction, 3.5 x 0.6 in order to obtain the correct value of v as 2.5.

46



Example Candidate Responses — Paper 4

Example Candidate Response — low Examiner comments
8
A .
03kg
8. ¢ The candidate attempts
L I g He b to apply Newton’s 2nd law

horizontally to particle 4

: . but incorrectly includes the
Two particles A and B, of masses 0.3 kg and 0.5kg respectively, are attached to the ends of a light vertical force O.3g .
inextensible string. The string passes over a fixed smeoth pulley which is attached to a horizontal
plane and to the.top of an inclined plane: The particles are inifially at Test with A on the horizontal . .
plane and B on the inclined plane, which makes an angle of 30° with the horizontal. The sring is | @) The candidate applies
taut and B can move on a line of greatest slope of the inclined plane. A force of magnitude 3.5N is Newton’s 2nd law correctly
applied to B acting down the plane (see diagram). to particle B.

(a) Given that both planes are smooth, find the t,ension‘ in the string and the acceieraﬁon of B. [5] .
The candidate attempts

v sttt st e b s st et et te s eseenene to solve the two equations

\/W {Br 3 - P (;wg . simultaneously but the

e et e RO e RS s oA bEeReR Pe e aee e et e eSO R E SR 48 0aESbmeennennnen senteessaesresserana equation for 4 is incorrect.

T- 039034 @ V7 r 0895y T - 0-Sa @

o Consequently, the
candidate’s value of a is
also incorrect.

The candidate’s solution
for T uses the incorrect
value of a and so their
value of T is incorrect.
Mark for (a) = 1 out of 5
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Example Candidate Response - low, continued

8 (b) It is given instead that the two planes are rough. When each particle has moved a distance of
0.6 m from rest, the total amount of work done against friction is 1.17.

Use an energy method to find the speed of B when it has moved this distance down the plane.
[You should assume that the string is sufficiently long so that A does not hit the pulley when it
moves 0.6m.]. [4]
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Examiner comments

@ The candidate uses the
correct potential energy
loss.

a The candidate makes an
error in finding the kinetic
energy. They use the
0.3 kg particle, but also
a 0.4 kg particle which
should be 0.5 kg.

e The candidate’s work-
energy equation uses the
incorrect kinetic energy and
does not include the effect
of the work done by the
driving force 3.5 N. It also
omits the given work done
against friction of 1.1 J.

9 The candidate’s value of
v is incorrect.
Mark for (b) = 1 out of 4

Total mark awarded =
2 out of 9

How the candidate could have improved their answer

+ The candidate’s equation for 4 in part (a) included an extra weight term (0.3 g). Their equation should have been
T = 0.3a. The equation for B is correct. Solving two correct equations would have led to the correct values a = 7.5

and 7=2.25.

1
« In the work-energy equation for part (b), the candidate’s kinetic energy of particle B should have been 5 (0.5)v?

1
rather than 5 (0.4) v2. The candidate omitted two terms from this equation: the work done by the 3.5 N force

(3.5 x 0.6) and the work done against friction, given in the question as 1.1 J. With all these correct terms in the

equation, they could have reached the correct solution of v =2.5.
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Common mistakes candidates made in this question

Applying Newton’s 2nd law to the horizontal motion of particle 4 but wrongly including the vertical force 0.3g.
Errors in the components of the 0.5g weight.
Numerical errors when combining the forces and when solving the simultaneous equations.

In part (b) omitting the effect of some of the forces acting on the system. The question required a specific method
of using energy principles and almost all candidates followed this method. However, many did not include the
kinetic energy of particle A which moves with the same speed as B. Some also forgot to include the effect of the
work done by the 3.5 N driving force. Although the work done against friction was given as 1.1 J, some candidates
did not include this information in their working.
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