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Introduction

Introduction

The main aim of this booklet is to exemplify standards for those teaching Cambridge O Level Physics
(5054), and to show how different levels of candidates’ performance relate to the subject’s curriculum and
assessment objectives.

In this booklet a range of candidate responses to questions in Papers 2 and 4 have been chosen as far as
possible to exemplify grades A, C and E. Each response is accompanied by a brief commentary explaining
the strengths and weaknesses of the answers. This booklet does not cover Paper 1 as it contains multiple-
choice questions where the mark scheme provides sufficient detail and the candidate answers do not
require examiner commentary to expand on how the marks were gained.

Grades are given to each answer in this booklet, however in the examination the whole candidate script is
graded on the overall mark awarded, not on each question. It is therefore possible that, for some questions,
lower grade candidate answers are awarded the same or similar marks to higher grade candidate answers.

For ease of reference the following format for each paper has been adopted:

( Mark scheme )

Example candidate
response

<

(Examiner comment)

An extract of the mark scheme used by examiners, is followed by examples of marked candidate responses,
each with an examiner comment on performance. Comments are given to indicate where and why marks
were awarded, and how additional marks could have been obtained. In this way, it is possible to understand
what candidates have done to gain their marks and what they still have to do to improve their grades.

Past papers, examiner reports and other teacher support materials are available on Teacher Support at
http://teachers.cie.org.uk
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Assessment at a glance

Assessment at a glance

Paper 1: Multiple Choice

40 compulsory multiple-choice questions of the direct choice type. The questions involve four
response items.
40 marks

Paper 2: Theory 1 hour 45 minutes

This paper has two sections:

Section A has a small number of compulsory, structured questions of variable mark value. 45 rmarks
in total are available for this section.

Section B has three questions. Each question is worth 15 marks. Candidates must answer two
questions from this section.

There is no compulsory question on Section 25 of the syllabus (Electronic systems). Questions

set on topics within Section 25 appear only in Paper 2 and are always set as an alternative within a
question.

75 marks

Paper 3: Practical Test 2 hours Paper 4: Alternative to Practical 1 hour
This paper has two sections. A written paper of compulsory short-answer
Section A has three compulsory questions and structured questions designed to test

each carrying five marks and each of 20 familiarity with laboratory practical procedures.

minutes duration.

Section B has one question of 15 marks and is
of one hour’s duration.

30 marks 30 marks

Teachers are reminded that the full syllabus is available at www.cie.org.uk

Cambridge O Level Physics 5054 3
htips://xiremepape.rs/



Paper 2 Theory

Paper 2 Theory

Question 1
Mark scheme

1 (a) (i) D and either lorry accelerates (forward) or resultant force is forward

(i) air resistance or (air) drag or friction (between tyres and road)

(b) (i) 30000kg

(ii} (a=) F/m algebraic in any form or numerical
0.5(0) m/s*

(c} direction or velocity is changing or acceleration or force is sideways or towards centre
(of circle)

4 Cambridge O Level Physics 5054
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Paper 2 Theory

Example candidate response — grade A

1 Fig. 1.1 shows a Io‘rryr accelerating'in a straight line along a horizontal road.

Fig. 1.1

(a) The driving force on the lorry in the forward direction is D and the total backward force on the
lorry is B.

(i) State and explain whether D or Bis the larger force.
*ﬁdﬁmr\z@fmbfﬂjaﬂ*@raiiwaﬂhﬁe [1]

(ii) Suggest one possible cause of the backward force B.

A Faickioe. bdiwosn the voad ond Mes: . [1]

(b) The weight of the lorry is 300000N.
The gravitational field strength gis 10N/kg.

(i) Calculate the mass of the lorry.

- D e
Waibe 25 mass = ka 11

(i) The resultant force on the lorry is 15000N, Calculate the acceleration of the lorry.
1>

= e
a = F = B0 o
™ ——

Do ocn
" Accclercfion - 0.5 g acceleration = ... :82..00f@ e [2]
= S.6 s

(c) Later, the lorry turns a corner at constant speed.
Explain why the lorry accelerates even though the speed is constant.
Soines. e valaah q&)"‘\w\mf ¢=\"=~rj=‘=(-="~>="'ﬂ>c\-qf*3e%
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Paper 2 Theory

Examiner comment — grade A

(a) A well-reasoned explanation has been produced explaining why D is larger than B and the frictional force
has even been correctly describes as being between the road and the tyres, which was not essential but
shows understanding. (2/2)

(b) The formulae are both stated correctly in algebraic form before the insertion of numerical values and the
units are correct for both of the final answers. The detail given is often helpful to the examiners. (3/3)

(c) The candidate correctly states not only that the velocity changes when turning the corner but that this is
because the direction has changed, showing a good understanding of circular motion at this level. (1/1)

Total mark awarded = 6 out of 6
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Example candidate response — grade C

1  Fig. 1.1 shows a lorry accelerating in a straight line along a horizontal road.

Fig. 1.1

(a) The driving force on the lorry in the forward direction is D and the total backward force on the
lorry is B.

(i) State and explain whether D or B s the larger force.

mh,f....tmm Saste. E; a0 ]

(ii) Suggest one possible cause of the backward force B.

(b) The weight of the lorry is 300000 N.

i)

The gra\fitationa! field strength gis 10N/kg.

(i) Calculate the mass of the lorry, o Sc?o DR s
W= ony J= 1ON k9
guoosm oz 2

Y o000
o L o S
Cﬁ mass = EOQODR

(i) The resultant force on the lorry is 15000N. Calculate the acceleration of the lorry.
F= ma.
3ooo00- [Seop= Dooo A A,
225000 2
2RTOOO e acceleration = G\‘S‘m\g

. [1]

. [2]

3oooo
(c) Later, the lorry turns a corner at constant speed.

Explain why the lorry accelerates even though the speed is constant.
.. ;53 ;!&ma&;%aﬁhméou&:rm&a—h

-]

Cambridge O Level Physics 5054
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Paper 2 Theory

Examiner comment — grade C

(a) The simple statement that the lorry is accelerating is enough to explain why D is the larger force in (i) and
the choice of air resistance is suitable for the backward force B in (ii). (2/2)

(b) The correct equation was used to find the mass from the weight in (i), even though there is an extra zero
in one value quoted for the weight. Although the correct formula was used to find acceleration in (ii) and
the final unit is correct, the force to be used in F=ma should always be the resultant force. In this answer,
the candidate has wrongly attempted to combine weight and the resultant force and was not awarded full
marks. (2/3)

(c) Not enough knowledge was shown of circular motion and the answer merely repeats aspects of the
question. Candidates should realise that repeating the question does not earn any credit and reduces the

space for the actual answer. (0/1)

Total mark awarded = 4 out of 6
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Paper 2 Theory

Example candidate response — grade E

1  Fig. 1.1 shows a lorry accelerating in a straight line along a horizontal road.

Fig. 1.1

(a) The driving force on the lorry in the forward direction is D and the total backward force on the
lorry is B. '

(i) State and explain whether D or Bis the larger force.
DI I LY S (VT O S S —

. 1]

(i) Suggest one possible cause of the backward force B.
(b) The weight of the lorry is 300000N,
The gravitational field strength gis 10N/kg.

(i) Calculate the mass of the lorry.

L=y
200000N= m { fo N i)
m="lo oo bk . mass = .o 2OROD KRG e [1]

(i) The resultant force on the lorry is 15000N. Calculate the acceleration of the lorry.
p:m&

500N = (3o 000lkg) &
erz 2 ms ACCRIOTATON = vooo e LS ereeseessssesssissons [

(¢) Later, the lorry turns a corner at constant speed.

Explain why the lorry accelerates even though the speed is constant.

DM&#%H@Q@{*%WWMW@%W
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Paper 2 Theory

Examiner comment — grade E

(a) The candidate has stated in (i) that D is the larger force but has not explained how the question shows
that it is the larger force, for example by stating that the lorry is accelerating in the forwards direction.
A reasonable suggestion was made as to the cause of the backwards force, although the friction is not
within the tyres but between the tyres and the road. (1/2)

(b) The correct formula and calculation was used to find the mass of the lorry but in using the formula F=ma
there has been an arithmetic mistake and the final unit is also incorrect. The candidate does, however,
show knowledge of the formula and so one mark was awarded in (ii). (2/3)

(c) No understanding was shown of circular motion. (0/1)

Total mark awarded = 3 out of 6

10 Cambridge O Level Physics 5054



Paper 2 Theory

Question 2

Mark scheme

2 (a} (i} (P=)F/A algebraic in any form or numerical [C1]
33N/cm? or 3.3 x 10°N/m? [A1]
(ii} 170 N or 167 N or 166.7 N or (i} x 5 with unit B1]

(b} volume (of oil) remains the same
or oil passes from small(er) to large(r) area

or work = Fd and force large so distance small B1]

(c} output + input or fraction or percentage of work mentioned [C1]
complete definition, e.g. useful work obtained + (total) work put in [A1]

[6]
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Paper 2 Theory

Example candidate response — grade A

2 Fig. 2.1 shows part of a hydraulic jack used to lift the front of a car.

‘ force exerted
by operator

- - large’ o;l. small

£ : ~handle
cylinder piston piston

pivot
[} son
Jom

Fig. 2.1 (not to scale) -

The operator pulls the handle and causes a force of 50N to act on the small piston. The force
exerted by the oil on.the large piston increases by F. The large piston moves and rotates the arm
about the pivot. This raises the front of the car.

The cross-sectional area of the small piston is 1.5cm?2.
The cross-sectional area of the large.piston is 5.0cm?.

(a) Calculate

(i) the pressure in the oil caused by the force on the small piston,

<E = 3331p
A ——

= E@ yi : S

5 5 pressure = 3335?& 2]
(i) the value of F.
p= i P = 23.33X0
S s b-b5N
33-33° —

(b) Explain why the large piston moves through a shorter distance than the small piston.

W dage piton g larger, o when wompdred Yo M wiall piston:
the. wlume of  lowe giton Wat  wowd v o be epud fo Mo volmd

L L L OSSOSO )

(c) The efficiency of the jack is 75%. Explain what is meant by efficiericy.
Efticleny. . menns . wal webd erogy outpul. over Yo otal  eney leput
nutighied vy 100 Jo. W dbo meant e jerrartape of welnest: o
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Paper 2 Theory

Examiner comment — grade A

(a) The equation for calculating pressure was correct but the final unit should have been N/cm? and not Pa as
the area used in the equation was in cm? and not m?. The area could have been changed to 1.5 x 10 m?
if the answer had to be in Pa but there is no need to make this change. In (ii) the candidate realised
that the pressure was the same on both pistons and successfully calculated the answer to earn full
marks. (2/3)

(b) It was not sufficient to just state that the large piston has a larger cross-sectional area but this answer
successfully goes on to explain that the volume of the oil that passes from the smaller to the larger piston
is the same and thus the piston moves through a smaller distance. (1/1)

(c) The candidate provides a good definition of efficiency, which was sufficient and mentioned useful energy
output rather than total energy output. There was no need to relate the efficiency to the actual efficiency
of the jack itself. (2/2)

Total mark awarded =5 out of 6
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Paper 2 Theory

Example candidate response — grade C

2 Fig. 2.1 shows part of a hydraulic jack used to lift the front of a car.

\ " force exerted

by operator

o small
piston

large
cylinder Piston

handle

pivot

Fig. 2.1 (not to scale)

The operator pulls the handle and causes a force of 50N to act on the small piston. The force
exerted by the oil on the large piston increases by F. The large piston moves and rotates the arm
about the pivot. This raises the front of the car. :

The cross-sectional area of the small piston is 1.5cm?2,
The cross-sectional area of the large piston is 5.0cm?.

(a) Calculate

(i) the pressure in the oil caused by the force on the small piston,

P~ ¥7a
= Yo = 15
pressure = ..... 32® Po [2]
(i) the value of F,
P~ F/m - | Fr Pad
S-0«338 = ¢
[65 N

(b) Explain why the large piston moves through a shorter distance than the small piston.

Sinte ‘e force execking on large picton i larqey

an ke fovce @f&"'{"-'\"& o[-m S vl Ft'slro\n? fe la—*"a-e
o e Monhin dohio e T
preion W&Q‘wﬁ&o&mﬂ%Auﬁfomlafﬁeﬁ%f“‘“

(c) The efficiency of the jack is 75%. Explain what is meant by efficiency.
. — . e = N .
Sl L R R I W e s, )

.2
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Paper 2 Theory

Examiner comment — grade C

(a) The candidate used the formula correctly but the unit should have been N/cm?with the values that were
used. The calculation of force in (ii) was correct using the actual value for pressure calculated in (i). (2/3)

(b) The candidate realised that the force on the smaller piston was larger but, in comparing the distance
moved by the two pistons, did not relate these forces to the work being done on the two pistons but
incorrectly stated that the smaller distance of movement was due to the larger pressure. (0/1)

(c) Some understanding was shown of efficiency in the statement provided but the full answer required the
understanding that useful output energy (or power) is involved. (1/2)

Total mark awarded = 3 out of 6
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Paper 2 Theory

Example candidate response — grade E

2  Fig. 2.1 shows part of a hydraulic jack used to lift the front of a car.

\ , : ) force exerted

by operator

oil small

large |
cylinder piston pisltcm handie
\

pivot

Fig. 2.1 (not to scale)
The operator pulls the handle and causes a force of 50N to act on the small piston. The force
exerted. by the oil on the large piston increases by F. The large piston moves and rotates the arm
about the pivot. This raises the front of the car.

The cross-sectional area of the small piston is 1.5cm?2.
The cross-sectional area of the large plston is 5.0cm?.

(a) Calculate

(i) the pressure in the oil caused by the force on the small piston,

?YWVQ 2 __g__?_- & Aia N

v« <
pressure = ?23 ............................... [2]
(ii) the value of F.
F= CoN . oW
$-o
F2 oo \D N s

(b) Explain why the large piston moves through a shorter distance than the small piston.

e HCe. Aaxge.. .....%wceu emexked  en..
Te  \& ?\s%\ﬁ .. Aeise. e )V“"()
CaX... /&o :[‘L—Ce‘ Smal (‘?\S)Yb\r'\ have. . &m%ﬁl ﬁl‘“*’f‘ln]

Ack O
(¢) The efficiency of the |'ack is 75%. Explain what is meant by efficiency.

JEld e e S QZ{C@/&J’ i
% P:’%QY ‘33 ﬂﬂ- Jy] C/kf Bicaisiinis g\j tg 2]
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Paper 2 Theory

Examiner comment — grade E

(a) Knowledge was shown of the formula for calculating pressure by the use of the correct numbers but
the attempt at giving the unit for the final answer only produced the unit of N for the pressure. In this
particular question, the unit can be worked out from the data used as N/cm?. In (ii) the candidate is not
using the same pressure calculated as in (i) and so no mark could be awarded. (1/3)

(b) No attempt is made to compare the distance of movement of the two pistons. Rather the answer appears
to try and explain why one force is larger than the other. (0/1)

(c) No real understanding was shown of efficiency. Had the answer suggested that efficiency is the
percentage of the power of the jack that is output, or better that efficiency is the percentage of the input
power that becomes useful output power, then marks would have been awarded. (0/2)

Total mark awarded = 1 out of 6
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Paper 2 Theory

Question 3

Mark scheme
3 (a} (i} any sensible example where expansion is useful
(ii} any sensible example where expansion causes a problem
(b} (molecules) move fast(er) or vibrate fast(er) or have more (kinetic/potential/internal)
energy
(molecules) move apart or distance between molecules increases or vibration has

larger amplitude or vibration takes up more space or bonds stretch

(c} slightly smaller
much larger

18 Cambridge O Level Physics 5054
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[B1]

[B1]

[B1]

[B1]
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Paper 2 Theory

Example candidate response — grade A

3

Most substances expand when they are heated.
(a) (i) State one example where expansion is useful.
Cﬂo}qnﬁﬁuc.za(_ (1]
(ii) State one example where expansion causes a problem.

S%ga@&@éﬂﬁl—mlﬂanpgkm [1]

(b) Explain, using ideas about molecules, why solids expand when heated.
Lhen...alids....are.... heated, the. molecules in the.cids
gosn.. )qm(:;c energy..and. begn... ... ibrate. mare...
W Qmu.c .............. ﬁi‘ j pas) Lions. In. clomﬁ L.

@&d‘l W[ﬁcuia f?amfm hnﬂba eﬁgr (?e’)
ﬁhbomhﬁfmiﬁ glma(u ..... we%ﬁhéh'gle, Fc?r‘cgz 2

(c) \Rfﬁen equal volumes are heated through the same temperature rise; the expansmns of solids,
liquids and gases are different.

Complete each of the two sentences using one of these expressions:

much larger slightly larger much smaller slightly smaller
1. The expansion of a solid is . .Sb 5}1{:3[ m,a,ﬂer . than the expansion of a liquid.
2. The expansionofagasis. Wd" laxfa’ﬁf .- than the expansion of a liquid.

(2]

Examiner comment — grade A

(a)

(b)

(c)

In (i) it was not clear how expansion is involved in the cooking of food. Had the example suggested that
water expands and sets up a convection current that would have been sufficient. The example quoted
in (if) was sufficient as the problem was clearly expressed as the sagging of electrical cables. Many
answers merely suggested, for example ‘electrical cables’ or ‘railway tracks’, which was not sufficient but
this example gave the detail that ensures that expansion is a problem. (1/2)

The idea of a more vigorous vibration with more kinetic energy was well expressed but there was no
clear link to an increase in the separation of the molecules, only that the force of attraction between the
molecules is weaker. (1/2)

Both answers were correct. (2/2)

Total mark awarded = 4 out of 6
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Paper 2 Theory

Example candidate response — grade C
3 Most substances expand when they are heated.

(a) (i) State one example where expansion is useful.

(i) State one example where expansion causes a problem.

Ty 15 L5\l do seden D) bedC Aotk edpwet Q‘“M s [1]

(b) Explain, using ideas about molecules, why solids expand when heated.

ey Taad®d) o ondenidan W o A0G | weva ok, may
3"3, b ““‘"‘MKM B 0‘180) *Q’“\ff"
W (»m“m e, Yoo wotutes S dha g oppand .

2]

(c) When equal volumes are heated through the same temperature rise, the expansions of solids,
liquids and gases are different.

Complete each of the two sentences using one of these expressions:

much larger slightly larger much smaller slightly smaller
1. The expansion of a solid is . 5\\'@W ‘51"“";1 : . than the expansion of a liquid.
2. The expansion of a gas is M\g‘”}” than the expansion of a liquid.

¢ & 2

Examiner comment — grade C
(a) The statement is too brief for it to be clear that expansion is involved. Slightly more detail is necessary,

such as heating the top on a bottle to separate it from the bottle in (i) and a railway track may buckle and
not come back to its original form. (0/2)

(b) The answer clearly states that molecules move faster and so the first mark can be awarded. However it is
not clear for the second mark that the molecules move apart. The molecules themselves do not expand;
they stay the same size but the distance between them increases. (1/2)

(c) Both answers are correct and so both marks are awarded. (2/2)

Total mark awarded = 3 out of 6
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Paper 2 Theory

Example candidate response — grade E
3 Most substances expand when they are heated.

(a) (i) State one example where expansion is useful.

.............. D) O O & |
(i) State one example where expansion causes a problem,
e A MR BRI T

(b) Explain, using ideas about molecules, why solids expand when heated.
Decauce.. ihen. the. Solid. melecnss. geaked K.
..c_s,;s..z.ﬂ.;.\”S.‘\ﬁl&ﬁg.....e,na::.g._q.....tb..@.....ma.l.e.gwi.g:......\z.{.Jn.ml:m.g.._............
wafdtaitnd..be. The. . melgcieles. e xpand.sahen. heat.e.d..
.I.:E;...c}c‘.thh....:amczugb.....erm.ef.g.3.......1“.49....Joxﬁﬁa.ls....I:.h..t.’}....ﬁczm.eg..?fl‘.....-,.....

(c) When equal volumes are heated through the same temperature rise, the expansions of solids,
liquids and gases are different.

Complete each of the two sentences using one of these expressions:
much larger slightly larger | }r:l%tch smaller slightly smaller
S y T

19
1. The expansion of a solid is ....heESIT

+.|.£¢9€Y ... than the expansion of a liquid.

2. The expansion of a gas is .....s.l.igh.t.iﬂ...s.mg_ﬂ.d.... than the expansion of a liquid.
2]

Examiner comment — grade E

(a) The situation where expansion is useful is not stated at all in (i) and in (ii) it was necessary to state a
clear situation where expansion was a problem. No mark was earned because no useful or problematic
examples were given. The examples stated needed to have a clear link to a use for expansion, e.g.
mercury expanding in a thermometer or a problem such as railway tracks bending. (0/2)

(b) The first mark could be clearly awarded for the recognition that the kinetic energy of the molecules
increases. There is also the indication that the molecules are vibrating more, although it would not be
helpful to say that molecules start to vibrate. The mark would not be awarded for the idea that molecules
themselves expand but here it appears that a change of state was being described as the molecules
break free from each other. This clearly meant the second Tmark could not be awarded. (1/2)

(c) Both ideas were incorrect and so no mark was earned. The answer suggested that solids expand more
than liquids and that gas expands less than liquid. (0/2)

Total mark awarded = 1 out of 6
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Paper 2 Theory

22

Question 4

Mark scheme

4 (a} (i) up anddown clear, e.g. by double headed arrow or down
(ii} any correct distance between consecutive points in phase

(iii} correct distance

(b} measure number of oscillations/count waves (passing) in a stated time or time at least
one oscillation
show how to calculate number of oscillations per second

(e} moves (hand or rope) with slow(er) speed or rate/less frequency / less times per sec

Cambridge O Level Physics 5054
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[B1]

[B1]
[B1]

[B1]
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Paper 2 Theory

Example candidate response — grade A

4  Fig. 4.1 shows part of a long rope used by a student to show a transverse wave.

- Y
Utae clior .
EL rrcmgscecy |

Fig. 4.1
(a) OnFig.4.1,
(i) mark the direction of movement of the student’s hand, [1]
(ii) mark and label the wavelength 4 of the wave, (1
(iii) mark and label the amplitude A of the wave. (1]

(b) Describe how the frequency of the wave is found using a stopwatch.

e @odert wowes, e hard and The c:.tbpuﬂtc:h
e @mted & ond The ey h ¢ eoppd ”"m
e cornplate wave & p)Oduced 'ﬁYZn e

Pth;ﬂnmysﬁuﬂbaouﬂ?ﬁqﬁmep@ 3} in e Eﬂw‘z f i/T @)

(c) Using the same rope, the student produces a wave of a longer wavelength than that shown in
Fig. 4.1.

State how the student does this.
moving e hanal wiim  much peoie aueched aope

BN e e e e )

Examiner comment — grade A

(a) The direction of the arrow was drawn correctly and labelled clearly as were the amplitude and wavelength.
Some care was taken with the diagram as shown by drawing the middle line. (3/3)

(b) There was a reasonable description of finding the time for one wave and using this to find the frequency
of the wave. For full marks, candidates needed to time more than one wave and then calculate frequency
or notice how many waves passed a point in a time greater than one second and then calculate the
number per second. (1/2)

(c) The candidate has made two suggestions, neither of which will increase the wavelength of the wave on
the rope shown. (0/1)

Total mark awarded = 4 out of 6
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Paper 2 Theory

24

Example candidate response — grade C

4

Fig. 4.1 shows part of a long rope used by a student to show a transverse wave.

Fig. 4.1
(a) On Fig. 4.1,
(i) mark the direction of movement of the student’s hand, (1]
(ii) mark and label the wavelength 4 of tﬁe wave, (1]
(ili) mark and label the amplitude A of the wave. [1]

(b) Describe how the frequency of the wave is found using a stopwatch.

3& ""“‘*'-G o clopwatch, ﬁ‘c z[tﬂ-{uwcg u clfzv”*w”“’/ e I
4. wive “u_govmed avd fhe sodlongits s vmgnuned &

Qe i rearded by dopostth By dividegvaluel fuquoncy i
laned . for acwate vewdh, avudge b ke .

(c) Using the same rope, the student produces a wave of a longer wavelength than that shown in
Fig. 4.1.

State how the student does this.

Toe. S'tl.ktiém.,t MBI LLU W‘-t\d’ Mf]wQA-CJ &.up( back
!b ‘“«*Hﬁ‘l Pw‘tw"‘ w O (9"‘50 WU!*WU ?}H”‘e RiiosaTl

Examiner comment — grade C

(a)

(b)

(c)

The candidate drew a double headed arrow to show the direction of movement of the hand in making
a transverse wave. A single arrow downwards would also be correct as the hand is moving downwards
in the part of the cycle shown. The answer to (ii) shows a length that is from top to bottom of the wave
rather than from the top to the middle. Some candidates drew the middle line to make the correct
distance clear. The mark in (iii) was not awarded as the arrow drawn is too short. A little more care was

needed to draw a line from one trough to the next. (1/3)

There is no clear idea of how the stopwatch is used to time at least one wave and then calculate the
frequency. Most candidates did at least describe how to measure the period of time for one wave. (0/2)

The candidate gave a sensible and well described account of taking longer to make one wave and thus

increasing the wavelength. (1/1)

Total mark awarded = 2 out of 6
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Paper 2 Theory

Example candidate response — grade E

4 Fig. 4.1 shows part of a long rope used by a student to show a transverse wave.

Fig. 4.1
(a) On Fig.4.1,
(i) mark the direction of movement of the student’s hand, (1]
(ii) mark and label the wavelength A of the wave, (1]
(iii) mark and label the amplitude A of the wave. 1

(b) Describe how the frequency of the wave is foundyusing a stopwatch
F‘jjﬂh{m kg 0 M2 ::ﬂ
e wdV  come 4@ ‘”A»f :
c[!j( aﬂbo cone. wLu.c,ﬂ.. Mju»vqso.aa v
‘)IL}?O GY‘(JX e QQCL C“HJ@J e s

(c) Using the same rope, the student produces a wave of a longer wavelength than that shown in
Fig. 4.1.

State how the student does this.

Examiner comment — grade E

e

(a) The direction of movement shown was incorrect for a transverse wave in (i) and the length drawn to
represent the amplitude was twice the required length. However the wavelength was drawn with some
care and accuracy. (1/3)

(b) The description of how to find the time for one wave has been attempted but it is not clear enough for
even one mark. A description of finding the time for the hand to move up and down at least once or the
time for, say, 10 waves to pass a point would have improved the answer considerably. It was recognised
that a calculation was necessary to convert the ‘time of the wave’ to frequency but the calculation was
not explicit in the relationship quoted. (0/2)

(c) Neither of the two suggestions quoted in the answer will produce a wave of larger wavelength. It is
sometimes counterproductive to quote two answers when only one is required because if one is clearly
wrong, in this case by suggesting that changing the direction of the hand alters the wavelength, then no
mark may be scored even if the other answer is correct. (0/1)

Total mark awarded = 1 out of 6
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Paper 2 Theory

26

Question b

Mark scheme

5 (a} ultraviolet and infra-red

(b} blue refracts /bends/deviates more
blue slows more (than red when entering glass) or blue and red have different speeds
(from each other in glass)
blue and red have different refractive indices
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Paper 2 Theory

Example candidate response — grade A

5 Visible light, radio waves, X-rays, gamma rays and microwaves are some of the components of the
electromagnetic spectrum.

(a) State two other components of the electromagnetic spectrum.

Bvaitol ek Ao o e

(1]
(b) White light is a mixture of different colours.

Fig, 5.1 shows a ray of white light entering a glass prism.

The white light separates into a number of colours. Only the blue light.and the red light are
shown.

glass
prism

red
blue

white

Fig. 5.1
Explain why the blue light and the red light separate as shown.

Use the term refraclive index'in your answer.

.......... The.... blee.. &@\* hens. 4. )\a..h@/\ {fq,v "ls haa..
whe.ted... bt Ts.. Jrois '.."‘ ﬁ chseras .
bors.... oM. ded.. Gifat... M elc. jﬁl n\@

'@ ﬂha\ch\fﬂ Jadlex.. ﬁm 62&7@ ﬁogh‘l' iS...o00e. i?e‘-"lﬁ

............... achve. . inclex. M. red.. bopt-. T speed ..
ﬁ mofe ham/ﬁhﬁhe fod @1-744}- pree

Examiner comment — grade A

(a) Both infra-red and ultra violet are the acceptable extra components of the electromagnetic spectrum.
(1/1)

(b) The candidate clearly understands that the two colours have different refractive indices and explains
further that this is because the speed decreases more for blue than red light and it is taken that this
decrease is as the light enters the glass. Some initial statements about frequency and wavelength,
although correct are not the reason for the decrease in speed. The answer would have improved by
describing how the difference in refractive index causes the separation to differ; indeed separation is not
mentioned in the answer. (2/3)

Total mark awarded = 3 out of 4
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Paper 2 Theory

Example candidate response — grade C

5

Visible light, radio waves, X-rays, gamma rays and m[crowa\.-'es are some of the components of the
electromagnetic spectrum.

(a) State two other components of the electromagnetic spectrum.

2. R wﬁ»s .

‘ [1]
(b) White light is a mixture of different colours.
Fig. 5.1 shows a ray of white light entering a glass prism.

The white light separates into a number of colours. Only the blue light and the red light are
shown.

glass
prism

red
blue

white

Fig. 5.1

Explain why the blue light and the red light éeparate as shown.

Use the term refractive index in your answer.

s Aug el gt eatos 10 o desse waedivn Cprism) frou,

lese dlevses wedivs (214) TE ,\?«awmbwdsmtotu
ol pudz,xﬁi{) s, e woldfe  Lighd Loern ol

w,l'o -i: M s I leaus e Fﬂ:m

Bw z,ﬁw /gzr)wm M 0 el

Examiner comment — grade C

(a)

(b)

Although both the components stated are in the electromagnetic spectrum, the mark cannot be awarded
because X-rays have already been mentioned in the question and are not another component of the
spectrum. (0/1)

A sensible description of refraction and the separation has been given but the question asks for an
explanation of the separation, using the term refractive index. There is no mention that the refractive
index of red and blue are different or that this causes blue to refract more as it enters or leaves the prism.
There is, however, some indication that blue and red light travel at different speeds. It would have been
more helpful if the dispersion had happened as the light enters as well as leaves the glass and had the
difference in speeds been clearly in the glass as there was some indication that the difference in speeds
may have been after leaving the prism; however there was enough indication that the separation was
caused by the different speeds of the two colours to award one mark. (1/3)

Total mark awarded = 1 out of 4
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Paper 2 Theory

Example candidate response — grade E

5  Visible light, radio waves, X-rays, gamma rays and microwaves are some of the components of the
electromagnetic spectrum.

(a) State two other components of the electromagnetic spectrum.
1o Wha L viole b g

I o Y R R A Y
(1]

(b) White light is a mixture of different colours.
Fig. 5.1 shows a ray of white light entering a glass prism.

The white light separates into a number of colours. Only the biue light and the red light are

shown.
glass
prism
white red
blue
Fig. 5.1
‘ Explain why the blue light and the red light separate as shown.

Use the term refractive indéx in your answer.

The ke, N oo s fleshimd

Q/{ﬂm“ﬂ!wﬂf\%\«%lﬁwm@

. [3]

Examiner comment — grade E

(a) Although ultra-violet is another part of the electromagnetic spectrum, sound is not and no mark
was awarded. (0/1)

(b) The candidate has not quite suggested that the different colours in white light have different refractive
indices in the glass and has, unfortunately, confused refraction and reflection. (0/3)

Total mark awarded = 0 out of 4
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Paper 2 Theory

Question 6
Mark scheme
6 (a} (i) any single value between 0 and 5.6 cm or a range all of whose values are correct
(iiy any value beyond 5.6cm
(b} (i} ray through optical centre undeviated
other ray correct through or to axis 2.8 cm (+ % small square) from lens
(i} lines drawn meet after 11cm or rays do not meet (on page) or rays almost parallel

(iii}y inverted, magnified, real all 3 needed and none wrong
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Paper 2 Theory

Example candidate response — grade A

6 (a) Abeam of parallel light strikes a converging lens of focal length 2.8cm.

The width of the beam before it reaches the lens is 1.0cm. The width changes on the other
side of the lens.

State a distance from the lens where the width of the beam is

(i) lessthan 1.0cm,

(ii) more than 1.0cm.

(b) An object is placed 3.0cm from a converging lens of focal length of 2.8cm. Fig. 6.1 is an
incomplete, full-scale ray diagram for this arrangement.

lens

SEEniiisEeniniininnan:
object“i'. S _:::I“_;::' '.‘.:::,_:.‘_.:.-,
el TR
agns BE, -4 ANEIN G
- Biiey asuslysEtauciadst
L

L B

St em P EEERGEH £ o

Fig. 6.1 (full scale)

(i) On Fig. 6.1, draw the paths of the two rays after they pass through the lens. 2]

(ii) Explain how your ray diagram shows that the image is more than 11cm from the lens.

BRI TNOME o O s anuﬁ*aﬂ»j
outedde | e

(iii) Underline three of the following ’gs which describe the image.

diminished inverted magnified real upright virtual (1]
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Paper 2 Theory

Examiner comment — grade A

(a) A correct answer was given in (i) but not in (ii). Very good answers often showed that candidates had
sketched a beam as it struck a lens and continued the beam on the other side of the lens to establish that
the beam becomes wider than 1.0 cm at a distance more than 5.6 cm from the lens. (1/2)

(b) The correct ray diagram was drawn in (i) and some care was taken to make sure that the rays were drawn
correctly. A long rule helps in drawing the rays correctly. In (ii) it is not true to suggest that rays are only
converging outside the diagram as the rays are actually converging at all points on the diagram, but this
answer was taken as indicating that the rays do not actually meet on the diagram and was awarded a
mark in (ii). In (iii) it is impossible for the image to be both diminished and magnified. (3/4)

Total mark awarded = 4 out of 6
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Paper 2 Theory

Example candidate response — grade C

6 (a) Abeam of parallel light strikes a converging lens of focal length 2.8cm.

The width of the beam before it reaches the lens is 1.0cm. The width changes on the other
side of the lens.

State a distance from the lens where the width of the beam is

(i) lessthan 1.0cm,

............ Vo B s s3]
(ii) more than 1.0cm.
B S, e e IR N (1]

(b) An object is placed 3.0cm from a converging lens of focal length of 2.8cm. Fig. 6.1 is an
incomplete, full-scale ray diagram for this arrangement.

i ; : T
I - . !_
1 L ‘
I ] ] . 'Ii:: 1T 11 &
1 i
: 4 * . - B i
+ e o T N 4
Fig. 6.1 (full scale)
(i) On Fig. 6.1, draw the paths of the two rays after they pass through the lens. [2]

(i) Explain how your ray diagram shows that the image is more than 11.cm from the lens.
. L] O [=} o

by calcwatgTe distanmce between Inaofe

- R N, Rzan Rdiomte Sl R R0 detotl & e IR 1
and lens gnd uk t;—fma.«.uauj ‘t«om Len . (1]
(iii) Underline three of the following words which describe the image.
diminished inverted magnified real upright virtual 1]
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Paper 2 Theory

Examiner comment — grade C

(a) Any single value between 0 and 5.6 cm was accepted in (i) and the value quoted is in this range. However
the value quoted in (ii) was not beyond 2f from the lens and so the beam would still have been smaller
than 1.0 cm in width. (1/2)

(b) The diagram in (i) clearly attempted to draw a ray undeviated through the optical centre of the lens and
that was accepted even though it is slightly bent as it passes through the lens. The second ray through
the focal point was not accurately drawn as it intersects the principal axis at 2.5cm rather than 2.8cm
from the lens. The answer in (ii) does not use the ray diagram in the suggestion. The three underlined
words clearly show that the candidate realised the correct properties of the image, even though it had not
been shown on the ray diagram. (2/4)

Total mark awarded = 3 out of 6
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Paper 2 Theory

Example candidate response — grade E
6 (a) Abeam of parallel light strikes a converging lens of focal length 2.8cm.

The width of the beam before it reaches the lens is 1.0cm. The width changes on the other
side of the lens.

State a distance from the lens where the width of the beam is

(i) lessthan 1.0cm

e CJJB‘I;GIMCQ.. 8. W ................... (1]

(ii) more than 1.0¢
5 cﬁs’mm P 1 e . o T

(b) An object is placed 3.0cm from a converging lens of focal length of 2.8cm. Fig. 6.1 is an
incomplete, full-scale ray diagram for this arrangement.

lens

°bject‘.._., RSRaEans |18

Fig. 6.1 (full scale)
(i) On Fig. 6.1, draw the paths of the two rays after they pass through the lens. [2]

(i) Explain how your ray diagram shows that the image is more than 11cm from the lens.

S e ﬁm LQJJ"S h’ WOJQ& W‘-ﬂjﬁl -

(iii) Underline three of the following words which describe the image.

diminished inverted magnified real upright virtual (1]
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Paper 2 Theory

Examiner comment — grade E

(a) The distances suggested in (i) and (ii) are not actual values. If the candidate had suggested that the
distance was less than one or two focal lengths from the lens in (i) and more than 2f from the lens in
(if) then those answers would have been correct. (0/2)

(b) Neither of the two rays drawn in the answer was correct and so no mark could be awarded in (i). The idea
is clearly and correctly expressed in (ii) that the rays do not meet within 11cm from the lens. However in
(iii) the image is not upright and, indeed, the candidate’s rays would clearly have met in an inverted image
and so no mark was earned in the last section. (1/4)

Total mark awarded = 1 out of 6
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Paper 2 Theory

Question 7

Mark scheme

7 (a) (i) horizontal arrow to right (by eye) B1]
(ii} forces/resultant causes moment or (turns because) force is not at pivot [B1]

(b} mark made at one end/pole/direction of compass (on paper) [B1]
move compass so that other end of compass is on mark and remark B1]

join marks made as compass moved on in some way (to draw line) [B1]

[5]
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Paper 2 Theory

Example candidate response — grade A

7 Fig. 7.1 shows a compass needle near a bar magnet. Magnetic poles are shown on the compass
needle and on the magnet.

A finger stops the compass needle from turning.

Fig. 7.1 (not to scale)
(a) (i) The magnet causes a force on the S-pole of the compass needle.

On Fig. 7.1, draw an arrow from the S-pole of the compass needle to show the direction
of this force. 1]

(i) Explain why the compass needle turns when the finger is removed.
Tl‘\ £..oa gt 'h ; 9% PQJ Y oo A8 QH‘qut...ﬂ £ LOMPATS

nPP(l lP .......... [1]

(b) A small compass is used to plot the magnetic field lines of the magnet.

Describe how the compass is used to plot magnetic field lines on a piece of paper.

We take T Plﬂtklhj. cgmpas.:,, . W"M .............
ond..o. par. mag nel..We.. ¢.pl ace.the. ima. 9. m:t Dh..
'tl:xe ARLE..... andw.. plmce.....the ..... (ompass. #&2 ..... T Ae
5'5th E.\nd Tke LDmp as.i pom‘l!.;hn d;re:fmm Qnd
we place. a,. Aot on. ‘l’-LtEJm Naw Ml Place the..

Combass e)core Fﬂ det and ma Ke anot we hen
Joinall the dots teshow the maghetic ‘f:eld lines.
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Paper 2 Theory

Examiner comment — grade A

(a) In (i) the needle is drawn as though the S-pole is attracted to the S-pole which is wrong. The S-pole of the
compass is attracted to the N-pole of the magnet and repelled by the S-pole. The resultant force is not
towards one of the poles but is horizontal. In (ii), the question states that there is a force on the S-pole
and asks why the needle turns. It does not ask why there is a force on the needle. The answer should
refer in some way to the turning effect of the force, its moment or that the force does not pass through
the pivot. This answer tries to explain why there is a force and not why it turns. (0/2)

(b) Thisis a good clear logical answer that sets out the experimental procedure clearly. Not only is the end of
the compass marked but the movement of the compass is clearly described in words. The diagram drawn
is also helpful as it shows two positions of the compass with the second compass aligned with the dot
made by the first compass. (3/3)

Total mark awarded = 3 out of 5
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Paper 2 Theory

Example candidate response — grade C

7 Fig. 7.1 shows a compass needle near a bar magnet. Magnetic poles are shown on the compass
needle and on the magnet.

A finger stops the compass needle from turning.

bar
magnet Sl

Fig. 7.1 (not to scale)
(a) (i) The magnet causes a force on the S-pole of the compass needle.

On Fig. 7.1, draw an arrow from the S-pole of the compass needle to show the direction
of this force. (1]

(ii) Explain why the compass needle turns when the finger is removed.

Wl Y. 5890138 Nenove o dut... needle.
_mMQMLmMMmMMMMm%% .....

(b) A small compass is used to plot the magnetic field lines of the magnet.

e e A st s . e el s e A B S S8

Describe how the compass is used to plot magnetic field lines on a piece of paper.
ey
P DD &
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Paper 2 Theory

Examiner comment — grade C

(a) Although the arrow drawn on the S-pole in (i) is not perfectly horizontal or straight, the intention to draw
the resultant force is clearly shown and this was awarded a mark. In (ii) there is some indication that
the answer attempts to explain why the needle turns, but the answer would have improved with more
explanation as to what causes a compass to align with the magnetic field. When a question asks for an
explanation it is helpful to mention the relevant physical principles, in this case as to why an object turns.
(1/2)

(b) The answer shows that the end of the compass needle is marked while the magnetic field is plotted and
so this answer can score the first mark. The diagram seems to indicate that the compass is moved on
but it is not explained in the text that the compass, or its end, is placed over the previous mark and the
diagram shows compasses placed very far apart and so the second mark was not earned. There is no
indication on the diagram or in the text that the marks made at each compass position are joined together.
(1/3)

Total mark awarded = 2 out of 5

Cambridge O Level Physics 5054 41



42

Paper 2 Theory

Example candidate response — grade E

7 Fig. 7.1 shows a compass needle near a bar magnet. Magnetic poles are shown on the compass
needle and on the magnet.

A finger stops the compass needle from turning.

Fig. 7.1 (not to scale)
(a) (i) The magnet causes a force on the S-pole of the compass needle.

On Fig. 7.1, draw an arrow from the S-pole of the compass needle to show the direction
of this force. (1]

(ii) Explain why the compass needle turns when the finger is removed.

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

...... T e e e e B

(b) A small compass is used to plot the magnetic field lines of the magnet.

Describe how the compass is usad to plot rnagnetIc field Ilnas on a piece of paper.

W"V"M”""" N itk T
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Paper 2 Theory

Examiner comment — grade E

(a)

(b)

Although horizontal and showing the resultant force, the arrow drawn in (i) is in the wrong direction. This
was a fairly common mistake. In (ii) the question asks why the needle turns and not why there is a force.
The detail given about the force is too vague. The use of the word ‘it suggests that the whole compass
is attracted to the N-pole. (0/2)

There was an indication that the end of the compass was marked but there was no statement or illustration
that showed the compass being placed at different positions and so only the first mark could be awarded.
(1/3)

Total mark awarded = 1 out of 5

Cambridge O Level Physics 5054 43



Paper 2 Theory

44

Question 8

Mark scheme
8 (a} (i) electron(s)and proton(s)

(ii) neutron(s) and proton(s)

(b} (i) top box 14
bottom box 7

(c} (i} sensible halving seen, e.g. 2.4 — 1.2 or two halves clear or 7z x V2 seen
11400 or 11000 years

Cambridge O Level Physics 5054
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Example candidate response — grade A

8 (a) An atom consists of electrons surrounding a nucleus made up of protons and neutrons.

State which of these particles

M

(ii)

have an edual and opposite charge,

have almost equal mass.

hetuimg. amd pbos ... o

(b) The nuclide notation for carbon-14 is 1;0. Carbon-14 decays by beta emission to a stable
isotope of nitrogen (N).

U}

(i)

Write numbers in the empty boxes below to show the nuclide notation for this isotope of

nitrogen. *

14
sC - N+ @
| 2

The half-life of carbon-14 is 5700 years.

A sample of wood from a living tree contains 2.4 x 1072 atoms of carbon-14.

A similar_sample of the safnz?e,si}g_lmaken from an old piece of wood. It contains

6.0 x 101! atoms of ca

—

Calculate the age of the o%iece of wood.

Q- O — 1 w1 gx10'_ @ 346"

1545 —C)_75410" st

" of yioed = 5700x5

-
w7y (I e
B

moke an 3@55391 easl

age = d%@ojﬁiw [2]

Paper 2 Theory
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Paper 2 Theory

Examiner comment — grade A

(a) The candidate has quoted neutrons as having a charge in (i) and suggested that electrons and protons

have nearly the same mass in (ii) and so no marks were awarded for this knowledge of the structure of
the atom. (0/2)

(b) The values quoted for the proton number and nucleon number of the decay product were correct and full
marks were earned in (i). The calculation in (ii) showed a series that started by halving the initial number
of atoms and this was sufficient to earn the first mark. Unfortunately the halving continued past the final
number of atoms and so the number of half-lives and the final answer was incorrect. (3/4)

Total mark awarded = 3 out of 6
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Example candidate response — grade C

8  (a) An atom consists of electrons surrounding a nucleus made up of protbns.and neutrons.
State which of these particles
(i) have an equal and opposite charge,

e BRRERAND ...oooooeee s ssssssasesssssssssessssssssmeseneneens [1]

(ii) have almost equal mass.

(b) The nuclide notation for carbon-14 is 50 Carbon- 14 decays by beta emission to a stable
isotope of nitrogen (N).

(i) Write numbers in the empty boxes below to show the nuclide notation for this isotope of

nitrogen.
14~ M
C - N + ‘3

(2]
(i) The half-life of carbon-14 is 5700 years.
A sample of wood from a living tree contains 2.4 x 10'2 atoms of carbon-14.

g A similar sample of the same size is taken from an old piece of wood. [t contains
& 6.0 x 10! atoms of carbon-14.

Calcu‘liate the age of the old piece of wood. "

M‘C&o\-rbm—m 18 $100 -
Sample wood .Y x\s™

as & have wmert dge G o e
a8 1+ Geoxle" '

S (Gime
I+ wiy 'o\wh 23 Hme.

age = ,,_..__l.gaam ..... eaxrald 2]

Paper 2 Theory
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Paper 2 Theory

Examiner comment — grade C

(a) The answer needed to say both proton and electron in (i) and neutron and proton in (ii). Only one of these
particles was quoted in each case and so no mark was awarded. (0/2)

(b) The values quoted were correct and so full marks were earned in (i). Although not necessary in this case
it is worthwhile to show working within the answer and this may have helped in producing the correct
answer to (i). The working shown in (ii) seems to suggest that the sample decays, possibly by a factor of
two, 32 times rather than twice to reduce 2.4 x 10'2 to 6.0 x 10". It is advisable to show the halving simply
as a series of stages, e.g. 2.4 x 10> — 1.2 x 10> — 6.0 x 10" in this case to show that two half-lives have
passed. It was not clear how the number 32 had been obtained and so no mark was awarded. (2/4)

Total mark awarded = 2 out of 6
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Example candidate response — grade E

8 (a) Anatom consists of electrons surrounding a nucleus made up of protons and neutrons.
State which of these particles
(i) have an equal and opposite charge,
(ii) have almost equal mass.

" (b) The nuclide notation for carbon-14 is '¢C. Carbon-14 decays by beta émission to a stable
isotope of nitrogen (N).

(i) Write numbers in the empty boxes below to show the nuclide notation for this isotope of

nitrogen.
14 (9
'GC — . N + ﬁ

2]

(ii) The half-life of carbon-14 is 5700 years.
A sample of wood from a living tree contains 2.4 x 102 atoms of carbon-14.

A similar sample of the same size is taken from an old piece of wood. It contains
6.0 x 101! atoms of carbon-14. .

Calculate the age of the old piece of wood.

8% BESS [N
€1 2

P

Vo
f SO0

Y| veso

|y
g 15 VU7 € x booate

age = S{S’SQ) [2]

Paper 2 Theory
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Paper 2 Theory

Examiner comment — grade E

(a) The candidate has suggested particles which are not mentioned in the list provided. When provided with
a list, it is important to choose items from that list as the question asks candidates to use the particles
stated. (0/2)

(b) The candidate appears to understand that the nucleon number is unchanged in beta decay but the proton
number has been decreased and not increased by one. Overall in (i) one mark was earned. The candidate
attempted in (ii) to halve the half-life a number of times and this was a common mistake. Candidates
should expect to halve a count or, in this case, a number of atoms several times to find out the number
of half-lives involved. (1/4)

Total mark awarded = 1 out of 6
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(@)

(b}

(c)

(d)

(e)

(f)

straight line from (0, 0)to (3, 2.4)
horizontal line from 3s to 8s
straight line from end of a horizontal line to zero in 1s

constant/same increase in velocity or constant change in velocity
constant/same increase in velocity per sec/unit time

occurs in a short(er) time
or acceleration took 3s and deceleration took 1s

(d =) speed x time numerical or algebraic or area under graph clear
1.2x3or3.6(m)or2.4x5or12seen
15.6mor 16 m

(i mgh seen in any algebraic or numerical form, e.g. 30 x10x 1.6
480 J

(ii} heat or thermal energy or sound produced
or work done against friction/ air resistance

at least two distances and corresponding times mentioned

how the actual measurement is made, e.g. (any one from)

e make mark on ground every second and measure distances

* note video position every sec and use a scale to find distances

* make mark on ground every meter and measure/take time as girl passes

how constant speed is proved using measurement, e.g. {(any one from)
¢ same distance between each position for the same time interval

» same time interval for equal distances

e Ad/At constant or slope of distance-time graph constant

[B1]
[B1]
[B1]

[C1]
[A1]

[B1]

[C1]
[C1]
[A1]

[C1]
[A1]

[B1]

[C1]

[A1]

[B1]

[15]



Paper 2 Theory

Example candidate response — grade A

9 A children’s ride consists of a steel cable that runs between two posts of different heights, as
shown in Fig. 9.1.

steel cable

Fig. 9.1

A girl starts and finishes the ride at rest. Her horizontal motion can be taken as
*  an initial uniform acceleration for 3.0s, followed by

* aconstant speed of 2.4m/s for a further 5.0s and

«  afinal uniform deceleration that lasts for 1.0s.

(a) On Fig. 9.2, draw a speed-time graph of the horizontal motion.

4— P e e e e .
’ NENNEEE N RS HNSTEE BN A E R E 00 R e
“mis i T asgangs '::r: ESEEEIEE SRERERARS EEsn
0 IS5 EE NN EENEN SRS E TR |
rre 1 0 \ B
A HH NG
0 + i 4 I . b
0 3 a & % \0
time/s
Fig. 9.2 3]

(b) Explain what is meant by uniform acceferanon.
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(c) The final deceleration is larger in size than the initial acceleration.

.. gt . yoduint of

Explain how the data shows this.

1]
(d) Calculate the horizontal distance travelled by the girl in the first 8.0s.
}fm&z e e
distance = 15'4“% 3]

(e) (i) The girl has a mass of 30kg and falls a vertical distance of 1.6 m during the ride.

The gravitational field strength gis 10N/kg.

Calculate the decrease in gravitatior!al potential energy of the girl.

9pe = wg h
20 ¥ 10 X1* (49
decrease in potential energy = 4_8&:[ [2]

(ii) The gain in kinetic energy of the girl is less-than the decrease in her potential energy.
Suggest one reason for this.

g Socgans e polinlind o9y o A to .
Aowe gy o Kok o WL .

»

1]

(f) A group of pupils make measurements to show that the girl’s speed is constant during the
middle section of the ride.

Suggest what measurements are made and how they sho.w that the speed is constant.

Oue. sliddonk oy the dolowe of ot middelle. tdini, wang .
tope manos - Tt othes, Uil wows he Gimi. o her..
aicle duun th, f;wo(atée ol mw:fgq atqp waddh. Tyt
@Jm&ut Wa?mo(mpyw ualsi. /paeo( o&wfﬁmw.

Ho _qu.m aptrclel mczu PV ocoé"”"‘

. [8]



Paper 2 Theory

54

Examiner comment — grade A

(a)

(b)

(c)

(d)

(e)

(f)

The graph drawn has used the data in the question correctly. The axes contained sensible numbers and
the value at 2.4 m/s was plotted correctly. A common mistake was to plot this point as 2.8 m/s. The graph
has an initial straight line portion and the final deceleration is uniform. The line drawn is neat and has been
drawn using a ruler. Full marks were awarded. (3/3)

The initial statement about forces was ignored as it is a correct statement but does not answer the
question, which asks ‘what is meant by uniform acceleration’ and not how it is produced. The second
sentence was awarded only one mark as there is an indication that there is a constant change in velocity.
However it is not clear that there is the same change in velocity per unit time as a car whose ‘velocity is
changing constantly with time' may be speeding up and slowing down all the time and not necessarily
having the same change in speed per second. (1/2)

Although the candidate does not compare the gradient of the graph during the acceleration and
deceleration sections explicitly, it is clear that the correct comparison is being made and the mark was
awarded. (1/1)

The correct calculation and result has been produced in this answer, by dividing the motion into two
sections. The formulae themselves were not given and it is advisable to give the actual formulae used
before inserting the numerical values. However it is clear that the correct formulae have been used and
the answer and unit are correct, so full marks were earned. (3/3)

In this section the calculation shown in (i) was excellent. The formula was stated with a left-hand side
(g.p.e.) as well as a right-hand side (mgh). Numbers were inserted and the final answer was given the
correct unit for energy. If the candidate had made any simple mistake, such as an arithmetic mistake,
then, as the working is so clear, then as much credit as possible would have been given. In (ii) the
candidate has correctly identified that this question is asking where the missing energy has gone. Many
candidates gave more detail such as a description of the friction that caused the apparent loss in energy
but the answer provided here was sufficient to be awarded the final mark. (3/3)

To show that the speed is constant in the middle section, at least two distances and their corresponding
times need to be measured. This answer only seemed to measure one distance, the “distance of the
middle section” and thus only one speed could be measured. Had the candidate suggested that the
middle section was divided into parts and the time for each part was measured, then the answer would
have been much improved. It was also not clear whether a distance was actually measured as the tape
measure was just used to “mark the distance of the middle section” A little more detail about marking
made on the ground or the cable at specific distances or times with the use of a tape measure would
have allowed the second mark to be scored. As the measurements were not clear, the experiment did
not seem to show that several speeds would be found to be equal, and the third mark was not earned,
even for the statement speed = distance/time. (0/3)

Total mark awarded = 11 out of 15
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Example candidate response — grade C

9 A children’s ride consists of a steel cable that runs between two posts of different heights, as
shown in Fig. 9.1.

steel cable

Fig. 9.1

A girl starts and finishes the ride at rest. Her horizontal motion can be taken as
* an initial uniform acceleration for 3.0s, followed by

= aconstant speed of 2.4m/s for a further 5.0s and

« afinal uniform deceleration that lasts for 1.0s.

(a) On Fig. 9.2, draw a speed-time graph of the horizontal motion.

speed Saa maas
m/s 1= 5 B
?_,,q Ssaasat

time/s

Fig. 9.2 3]

(b) Explain what is meant by uniform acceleration.
L n'-*ru1m ot e)epoXion 'S {'\n..:!— o \')’i(_d‘ 55 moving

with conitent velouity LNene ox moviag with

""“M—“’?Q“'d““l"i"‘kv"’\‘ﬂ 2

Paper 2 Theory
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Paper 2 Theory

(c) The final deceleration is larger in size than the initial acceleration.

Explain how the data shows this.
'J““Q"" N M.L..e/\m&'k"ﬁﬂ Aol o % P"""Lﬂ—v‘!‘h ond om actent- ,‘rd%‘

cd—-'(\\lz_ micl.—"\\-@./) c\q-.ejv‘{d_mjt'ﬂﬂ u'.\ O&st“d —[1]

ulate the horizontal distance travelled by the girl in the first 8.0s.
ea vaded e borve = § 4 (g45)42M
2

— T B

distance = . 2 E D 8]

The girl has a mass of 30kg and falls a vertical distance of 1.6 m during the ride.
The gravitational field strength gis 10N/kg.
Calculate the decrease in gravitational potential energy of the girl.
Eg=rmah
= %29 1B 2\r

decrease in potential energy = M%Q}J 2]

The gain in kinetic energy of the girl is less than the decrease in her potential energy:
Suggest one reason for this.

Beranre Ae @i\ 15 Aoling Lidn greades anoeqy

S0 € tatrentat ond Podenticdamerqy 1y s

roup of pupils make measurements to show that the girl's speed is constant during the
dle section of the ride.

jgest what measurements are made and how they show that the speed is constant.

Nooguting .'\‘,\\o_\_,&/\q't\'\ 5 o,{‘_[xm‘% ::'L wtee) Do .
Re. Tepe e ol .\’)e-m? M&u-«f{_(‘\_/bq "r\—bm °{\'0-
Uase S LA q\-\fm\ a ’h{. weg A ~%~r M%%-\w—-\m i\\cku_

Mu‘rr-_,d" o %e,:'c\-rmg_,i}x

\3 &N e»-wxnu}‘c& G\-{Mg\ [3]
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Paper 2 Theory

Examiner comment — grade C

(a) Only the first section of the graph drawn was correct and, even then, including 2.6 on the speed axis
makes this axis non-linear as 0, 2.4 and 2.6 m/s are equal distances apart on the y-axis. However it is
clear that the initial acceleration phase is uniform and ends at (3,2.4) and so one mark was awarded. The
general shape of the graph is correct with a straight line and a decelerating section, but the constant
speed section ended at 5 rather than lasting for 5s and the final deceleration phase took 3's, rather than
the 1s given in the question. (1/3)

(b) The answer confuses constant acceleration and constant velocity and does not indicate what is meant by
acceleration at all, and so no mark can be awarded. (0/2)

(c) No comparison of the deceleration and acceleration has been made. Had the candidate suggested that
the acceleration took 3s as well as stating that the deceleration takes 1s then the answer would have
made a correct comparison. (0/1)

(d) The calculation was very good. A correct formula was used and it was clear that the area under the graph
was calculated using a formula for a trapezium. Full marks were earned. (3/3)

(e) The formula was again given well in (i) and the left-hand side of the equation, E_, is a good symbol to use
for potential energy, in this case for gravitational potential energy. Full marks were earned. The answer to

(ii) does not explain why the increase in K.E. is less than the decrease in PE. and seems to suggest that
total energy is increasing as the girl falls. No mark was earned for (ii). (2/3)

(f) No sensible measurements of at least two distances and times were made and the measurements could
not have been used to show that the speed was constant in part of the ride. (0/3)

Total mark awarded = 6 out of 15
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Paper 2 Theory

Example candidate response — grade E

‘9 A children’s ride consists of a steel cable that runs between two posts of different heights, as
shown in Fig. 9.1.

steel cable

- post

Fig. 9.1

A girl starts and finishes the ride at rest. Her horizontal motion can be taken as
an initial uniform acceleration for 3.0s, followed by

*  aconstant speed of 2.4m/s for a further 5.0s and

* a final uniform deceleration that lasts for 1.0s.

(a) On Fig. 9.2, draw a speed-time graph of the horizontal motion.

: G SN E NN S UEE RN W SN EE N RN EGE WA B )
T T 4=t e | o T | ¥t '
speed Gl s=nmaa ’ e e e e
m7s SEa2ERFE1 ERST] HHVR FESUA RONE VETR O RS R
i L 1
6 4
time/s
Fig. 9.2 (3]

(b) Explain what is meant by uniform acceleration.

(,Um? chs yomaccelosndfon. meams that-. Sud.den.

Change....3™. Qpeui‘fm,t- e hﬂ(){hmuta Po..om.. mliocm
0% ComuABmt-  soli... e AW v i Sl
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(e) The final deceleration is larger in size than the initial acceleration.

Explain how the data shows this.

@.16 bolwo@ 2k, %L'hm omd. ‘he.&mg—% 0.2

(d) Calculate the horizontal distance travelled by the girl in the first 8.0s.

distance = &_@"m [3]

(e) (i) The girl has a mass of 30kg and falls a vertical distance of 1.6m during the ride.
The gravitational field strength gis 10N/ kg.‘

Calculate the decrease in gravitational potential energy of the girl.

decrease in poténtial energy = H%QJ [2]

(ii) The gain in kinetic energy of the girl is less than the decrease in her potential energy.
Suggest one reason for this.

_l:"f ‘& M%o hW Tem movmmi-..'rf‘hal.—mo.d.e. Nee......
JimetSe.. LIy &e:m‘c%hm SOOOOOON & )

(f) - 'A group of pupils make measurements to show that the girl’s speed is constant during the
middle section of the ride.

Suggest what measurements are made and how they show that the speed is constant.

A. Dreup. ok PU-(MLD Lo mnedia W\rw .....
Sy okengy . SXop. M. anel.... Bay Ao i e
\o’('-&dwg; ﬂ'\k‘[”(\g_w Maak. ‘{'hnhlfg-&& does.. P'x?
e o200 Lm0 hy. c_hu,ﬂcmg %W
Onnd..diddocs. 0.k Haa.. 'fmnpw(,a

. [3]
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60

Examiner comment — grade E

(a)

(b)

(c)

(d)

(e)

(f)

There was an attempt in this answer to draw an initial straight line on the speed-time graph and a further
horizontal portion. However the values plotted on the time axis were wrong for each section, the initial
acceleration lasting for less than one second and the constant speed section being less than 5 s. The time
axis was non-linear with two squares representing the first second and then 2 seconds thereafter. This
meant that no mark was earned. (0/3)

Although not well expressed, uniform acceleration is clearly defined as constant change in speed for the
first mark and the idea that the speed increases at a constant rate introduces the idea that the increase
is constant with respect to time and so two marks were awarded. (2/2)

The candidate mentions that the graph should be used but does not say how. Had he compared the
steepness of the initial and final accelerations then a mark could have been awarded. (0/1)

The answer provided is wrong and there is no working shown and so no credit could be given for this
answer. If the candidate had even provided a simple formula such as speed = distance/ time then a mark
would have been awarded. It is always sensible to show working and give an initial formula. (0/3)

The answer provided is correct in (i) and so full marks were awarded, even without the formula or
working, although it is advisable to provide working. The statement in (ii) does not explain the difference
between the two values for energy and shows no understanding of the conservation of energy and
different types of energy. (2/3)

The candidate does not provide any detail about the measurements that were made. It would not be
possible to follow the directions given in the answer to obtain a speed or show that the speed was
constant. It would be helpful if, when describing an experiment, candidates provide a logical list of the
readings to be taken, how they are taken and then how they are used to calculate the result or in this case
to show that the speed is constant in the middle section. (0/3)

Total mark awarded = 4 out of 15
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18 (a) (i)

(ii)

(b} (i)
(ii)

(e} (i)

(ii)

(iii)

(conduction occurs) through or in metal/pan or from water to metal/pan
or molecules vibrate or molecules collide
or (free) electrons (in metal) move

vibration/energy/heat passed from molecule to molecule clear

or energy passed on by electrons colliding (with atoms/molecules or electrons)

hot air or air over water rises or hot water rises
hot air or hot water expands or hot air or water less dense

black objects radiate heat more (than white)

(both) graphs higher (after start)
or temperature falls less (in same time)/slower
or takes longer to cool

less evaporation occurs or less convection

heat/energy to change the temperature by 1° C/unit temp
heat/energy to change the temperature of 1 kg/unit mass by 1°C /unit temp

long time to warm/boil water/cook
or scalds/burns when touched
or more energy needed (to warm water)

1. 34(°C) or 9460 seen
(m=) Q/cAT algebraic or numerical with any clear Q or AT
0.5(042) kg

2. 0.50 x 4200 x 54
110 000 or 114(353)J

[B1]

[B1]
[B1]
[B1]

[B1]

[B1]

[B1]

[C1]

[A1]

[B1]

[C1]
[C1]
[A1]
[C1]
[A1]

[15]



Paper 2 Theory

Example candidate response — grade A

10 Two metal saucepans contain the same mass of hot water at the same initial temperature.
Pan A is white and pan B is black, but otherwise the two saucepans are identical.
Both saucepans are uncgfe’?é‘d and cogl under the same conditions.
The cooling curves for the two saucepans are shown in Fig. 10.1.

100
ok

Iy
’

temperature/°C : X
80 p s

60 L = pan A (white)

1

40 ~ pan B (black)

20
0 T2 4 6 8

time/minutes

Fig. 10.1

(a) Describe how the water in a pan loses heat by

(i) conduction,

Covobuturs (oJus place w thy ool . ?Tu;uubml%g ,pmwm,

(if) convection.

Whase Wit wolsy woms ua wonbod wilh o - 9t Lo it evdy,
o, . itk Dewoy Wk, lun olowat ol wttn: ol ain tplos.
k. Tk puoww. conbinuses owol wolin Lrys dusk: o

(b) (i) Explain why pan B cools faster than pan A.

A !:l.onb/cu_au belle., Wffcm P
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(i) Describe and explain how Fig. 10.1 is different when the pans are covered and the
experiment is repeated.
o &

Lﬂm WMTAM A:wm?@fbwulﬂb& qpﬁméa
uo%mmﬁawlwéwmé WWL»WM

(c) The specific heat capacity of water is 4200J/ (kg °C).

() Explain what is meant by specific heat capacity.

Yk omam Ue W@’&m&ﬁ@wj mquna
t Ma the WWM % e umk  mess

I?J L ‘%f - 2]

(i) The specific heat capacity of water is very high. Suggest one disadvantage of this when
. water is used for cooking.

Aot of wole bles vey Lovg Gmi & boil ol ..
kbith, fool  moy st fe ool on Ul

(iii) The water in pan A cools for 8 minutes, as shown in Fig. 10.1. During. this time, the water
loses an average of 9000J of thermal energy per minute.

1. Calculate the mass of water in pan A.

(2 'l"ﬂtcnb@(
e
M= -
. DG
w = —
42,00 (Q4--60)
1| 42300

MaSS = .veverersrereas O §2} 6?3 kﬂ-

2. The mass of water in pan B is the same as that in pan A.

Calculate the thermal energy lost from the water in pan B during the 8 minutes.
2= mch®
006D R A 200 X 54

loss of 1h;'—:rmal-energy = ll\_p—%%“"a‘ 2]



Paper 2 Theory

64

Examiner comment — grade A

(a)

(b)

(c)

The candidate has produced a well-reasoned argument in (i) that explains the molecular nature of
conduction, in which molecular collisions pass on energy from one particle to the next. It is also clear
that this energy is being conducted through the metal pan. In reality, much of the conduction within a
metal will be due to electron movement but this molecular explanation was accepted for full marks.
The explanation in (ii) shows a good understanding of convection and realises that it is convection in
the air that takes heat away from the hot water. Many answers described convection in the water itself,
which was also accepted as it is part of the process. This answer also clearly explains that the air, when
heated, expands and becomes less dense and the answer does not rely on molecular explanations; such
explanations that state that a molecule itself becomes less dense when heated may not be accepted.
(4/4)

The answer in (i) merely states that black is a good emitter of heat, and the mechanism of the heat
loss was not stated. The answer would be improved by stating that black surfaces are better emitters
of infra-red radiation or radiate heat better than white surfaces. In (ii) the candidate has decided that,
when covered, the black surface cools faster than the white surface, whereas the obvious difference, in
the actual graphs, is that both pans will cool slower than in the original experiment. There is no physical
explanation provided for the candidate’s assumption that, when covered, black surfaces emit less heat
than white surfaces. (0/3)

The definition provided in (i) was accepted for full marks. There is, in this answer, a mixture of statements,
such as “unit mass” rather than 1 kg and “1°C’ rather than “unit temperature rise” Either of these different
forms or a mixture was accepted. In (ii) a sensible practical occurrence was described when it was
suggested that water will take a long time to boil. The extra detail, that food may not be cooked on time,
was not necessary, but shows that the candidate was considering the practical situation and was not just
relying on knowledge of a definition. The calculation in (iii) 1. was set out very well with a formula and
with numbers taken from the graph clearly set out. The only error was not to realise that the total energy
supplied is 8 x 9000 and not 9000 alone. Because the calculation was set out so clearly, only one mark
was lost for the omission of the factor 8. The value of the mass calculated in (iii) 1. was used in (iii) 2.
to calculate the loss in thermal energy. Full marks can be scored in a section that relies on numbers
calculated in an earlier section and so this answer scored full marks. The answer is quoted to far more
significant figures than can be justified by the data in the question or by the numbers read from the graph,
but there was no penalty exacted. (7/8)

Total mark awarded = 11 out of 15
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Paper 2 Theory

Example candidate response — grade C

10 Two metal saucepans contain the same mass of hot water at the same initial temperature.
Pan A is white and pan B is black, but otherwise the two saucepans are identical.
Both saucepans are uncovered and cool under the same conditions,
'!;he oo_olling curves fqr the two saucepans a{m- shown in, !:ig. 10.1.
T PR T s T 4

100 TTIE
1 '.: F ] T - I L ‘ B i ;
}% :

temperature/°C N

/i

60 ik ns = pan A (white)

i

40 : =

-pan B (black)

20 ; '
0 2 4 6 . 8

Aime/minutes ;
Fig. 10:.1
(a) Describe how the water in a pan loses heat by

(i) conduction,

4ondusher 5s woy o heat. Meelliog: Toiic: beak . ’wawzl

B
TN

E’a"f&b:gh ""’u_ L&Hat‘bn =} mdﬁuxh. ﬁ;‘\\n\nh m]gud-es v,LJal'E,‘Lb’
tolide , kinatie car\e_ijj nciegun 92 & 1@3,d& QD&& Ci) head ™

(if) convection.
T corvethon begd 1o danenitad ‘b\@na fab . 'h) qnan*‘d ﬂ'\rmj’k
The ‘rmovensit cbm{.:wlm 4, e rgleniles W?ﬂim} %:;J Letome
lets o\-ensx, 122 0 Thdephes, mﬂkmipww'ﬁm
b (1) * Explsiin'why pari B gools fastartian panA. g
= Y (8 foser clua’. ot mm'mwh& ol \ack
o &ufhﬂw ‘ot e C@QOQ‘ abiod-ed. 3 KotV lam) o (1]
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Paper 2 Theory

(ii) Describe and explain how Fig. 10.1 is different when the pans are covered and the
experiment is repeated.

Wwren ot will ke Cﬂ“ﬁf&ﬂlﬂ»\mhwiﬁm?@oscbw
wireak ol B2 LM mn. ?ﬂ“k Re ] 5w o A

wil b abioked
ul enealy hirderent  aod in fAn.. 1=y #&JE"“F will inoseast

NABL A
(c) The specific heat capacity of water is 4200J/{kg °C).

(i) Explain what is meant by specific heat capacily.

Brooock g et Srelny s “EJ“D@R*"- oo
R g DS Sebtane b Ak D0 b meatered

(ii) The specific heat capacity of water is very high. Suggest one disadvantage of this when
water is used for cooking.

Qﬁ‘: uoull t:j)l‘ _.mote cyuic,k-‘j ue\'ﬁ;\car\c! M?&At ;Feco

(iii) The water in pan A cools for 8 minutes, as shown in Fig. 10.1. During this time, the water
Iases an average of. 8000J of thérmal energy per minute.

1. Calculate the mass of water in pan A.
@ = ro 0 2D
Yoooe N0 X 8
Gooe =R DL
nﬁﬁ = MY

34,00 ‘
e .‘_TP‘; b mass = @he.%‘;@@am [3]

2. The mass of water in pan B is the same as that in pan A.

Calculate the thermal energy lost from the water in pan B during the 8 minutes.

@ ze) b
D= @DV A 200 X8

Q= 5o

1 -

oo 832, 2]

loss of thermal energy = ... R i e,
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Paper 2 Theory

Examiner comment — grade C

(a) In (i), the answer clearly describes the vibration and collision of the molecules but it is not clear that
energy is passed on from one molecule to the next during such a collision and so only one mark was
scored in (i). It was also not clear whether the molecules involved were in the water or in the metal and
it is helpful for candidates to apply descriptions to the actual situation involved in the question. Similarly,
and more importantly, in (ii) it is not clear whether the molecules involved in the convection of heat are
in the water or in the air and this is not a full answer and also only scored one mark. (2/4)

(b) In (i), the candidate has stated that black is a good absorber of radiation. Whilst true, the question is about
the emission and not the absorption of heat. More thought about the question and more experience
with practical situations might have helped the candidate to realise the difference between these two
processes. In (ii), the question asks for a description and an explanation. The candidate finishes with a
partial attempt at a description by stating that the temperature in pan B “will increase more” Had the
answer stated that the final temperature in pan B is higher than in the original experiment this would be
accepted but this answer clearly suggests that the temperature in pan B has been rising and not falling
and this was not accepted. The answer starts with an explanation that covered pans radiate less heat but
the major reason is that less heat is lost by convection or evaporation and this explanation was not given
a mark. (0/3)

(c) The definition was given full marks in (i). The temperature rise was quoted as 1K° rather than just 1K
but this was accepted. Candidates should be careful, however, to quote temperatures as, for example,
10°C rather than 10 C°. The unit quoted for specific heat capacity was incorrect but this detail was not
asked and was not considered to contradict the definition. In (ii) the candidate has wrongly stated that
the water will boil more quickly. In (iii) the first mark was awarded for the formula but it appears that the
time quoted was taken as the rise in temperature and so no further marks were given. No unit was given
for the answer and the answer was rounded incorrectly from 0.2678 to 0.267; candidates should always
give a final unit in a calculation and attempt to round correctly. The same types of error occurred in (iii)
and there was also an arithmetical mistake in the final calculation. (3/8)

Total mark awarded =5 out of 15
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Paper 2 Theory

Example candidate response — grade E

10 Two metal saucepans contain the same mass of hot water at the same initial temperature.
Pan A is white and pan B is black, but otherwise the two saucepans are identical.
Both saucepans are uncovered and cool under the same conditions.
The cooling curves for the two saucepans are shown in Fig. 10.1.

100

AL
y

temperature/°C ~
80 s

60 z ==t nan A (white)

40 .| pan B {black)

20
o 2 4 6 8

time/minutes

Fig. 10.1
(@) Describe how the water in a pan loses heat by

(i) conduction, -

Thewwtmat?amta@sheaibﬂcwduwwThe
nead emergat ok Jhe waler malecrls 14 absorbed by
e wall o€ caueo pom omd. escapes. i e Aurvoundigs

(ii) convection,

The. walex i o ml%%hemb%cmw&wfwwww

aventA ave et i widdey due 4o diflremen o clomst Mg
Cuvyvets .
ok Vavioud Paris o waky . Heat 14 \och due Ao conveckion . . [2]

(b) (i) Explain why pan B cools faster than pan A.
Do 8. cools. fasler because it 14 Black and .

Rlack calguy emit4 oore head o4 comfoved o while . )
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(i) Describe and explain how Fig. 10.1 is different when the .pans are: covered and the
experiment is repeated.

PA_dhe Coms. would e caered s head 14 los+M+o dhe
/Stu’vawndmra'&- Pon B will coof ia&l&y ecause Pom B £

cgucyed whth 4wl absord. more. head amd. il lem@.

will {mevease -
(c) The specific heat capacity of water is 4200J/ (kg °C).

(i) Explain what is meant by specific heat capacity. — .
L The amam 4+ of heat. emergy veduived 40 +he
Yaide. the temp of . lh% ot a. Aubslona bAd - usibmu,g

aaspecilic. hegjcafag,l-d s umit (& TIRGE.. amol'sam"f’gﬁ-’“*c

(ii) The specific heat capacity of water is very high. Suggest one disadvantage of this when
water is used for cooking.

LT boidk. exy. U\%rom&l—ué CQMW& harm
X0 e SUWGWdW*;K NN £

(ili) The water in pan A cools for 8 minutes, as shown in Fig. 10.1. During this time, the water
loses an average of 90004J of thermal energy per minute.

1. Calculate the mass of water in-pan A.

cools Lov b mimg cools Lov Gonins
Quoo T lmim 400a T ) min
o600 = G =1 Zooc §
2000
mass = 12 aao
{oe0
="2
ass = ‘12% [3]

2. The mass of water in pan B is the same as that in pan A.

Calculate the thermal energy lost from the water in pan B during the 8 minutes.

s E’mu’ﬂ% dicsi pakd= T2RT

G mimg Erwﬂ'&a Log+ BQ Pap- — Pon B
1000 3 %% 12060 — Y4ooo
|6 co0 T2
‘booo N
loss of thermal energy = léﬁﬂﬂj 2]
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Examiner comment — grade E

(a)

(b)

(c)

The answer in (i) clearly indicates that heat is absorbed by the wall of the saucepan and this was taken
as a description of conduction through the metal pan and awarded the first mark. There was no further
description of the process and candidates, when answering a question worth two marks, should give
more than the simple detail that is present in this answer.

The answer in (ii) starts by repeating the question which does not earn any credit and reduces the space
for the actual answer. A difference in densities was mentioned but this was not sufficient as the particular
difference in densities was required. The question asks for a description and this should involve, in this
case, what might be observed to happen. (1/4)

The answer in (i) needed to mention radiation or infra-red, rather than just black emits more heat. The
answer in (ii) wrongly suggested that pan A cools faster when covered. There was an attempt at an
explanation by the statement that ‘heat is not lost’ but more detail was required, for example that there
is less convection of heat or less evaporation. (0/3)

The definition in (i) was well expressed and earned full marks. The idea expressed in (ii) was incorrect
and the candidate might have thought more carefully as to the real meaning of specific heat capacity. In
the calculations in (iii) the formula was not quoted and neither was the graph used to find the difference
in temperature and so no mark was awarded. (2/8)

Total mark awarded = 3 out of 15
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11 (a} ammeter and voltmeter correct symbols
ammeter in series with lamp
voltmeter in parallel with lamp

(b} R limits or reduces the current/voltage
otherwise lamp blows
or more of the 50 () can be used to adjust voltage/current

(c) (i)

(ii)

(d) (i)

(ii)

(iii)
(iv}

12V, 0.25A correctly plotted (by eye)
curved line from origin

correct curvature — decreasing slope
straight line (for fixed resistor)

lamp has changing temperature or changing resistance
or fixed resistor has constant temperature or constant resistance

(I =) V/R in any algebraic or numerical form, e.g. 12/50
0.24A

0.49A
6(.0)V

12(.24)Q

[B1]
[B1]
[B1]
[B1]
[B1]
[B1]
[B1]
[B1]
[B1]
[B1]
[C1]
[A1]
[B1]
[B1]
[B1]

[15]
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Example candidate response — grade A

11 A student sets up the circuit shown in Fig. 11.1.

SN
"/
R
—_ il
i8v. ! movable
i 8 contact
—
508 %
- filament
lamp
Fig. 11.1

R is a fixed resistor in the circuit. The filament lamp is marked 12V, 0.25A.

The circuit is used to produce a current/voltage graph for the filament lamp. The ammeter and
voltmeter needed are not shown.

To obtain different readings, the student changes the position of the movable contact.
(a) On Fig. 11.1, draw the symbols for an ammeter and a voltmeter in the correct positions.  [3]

(b) Expiain why it is sensible to include the resistor R in this circuit.
I o .brfevenkt e \ax-qe ommounk o urrewk i oo SO

1€ahw4e mank k Q’f\&me& \MP 4-&- Qwﬂ\f¢ ma e
l“mv ’ DR 0 T U

(c) (i) On Fig. 11.2, sketch a current/voltage graph for the lamp.

0.25
current/A 3. /
o'if:
o
ooy
0+ - - -
0 4 8 12
voltage/V
Fig. 11.2 (3]
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(i) State and explain how a current/voltage graph for a fixed resistor is different from the
graph for a filament lamp. .

wust b
ﬁL 5 - E X'rcﬂ-i‘lvlj: Qwr\e L BeStTo ?Mi ;v\cﬁ "Edwo“eﬂ

Ssnows & o UYYE -

- [2]

(d) Fig. 11.3 shows the position of the movable contact when.the voltage across the lamp is 12V
and the current in the lamp is 0.25A.

R
— i
18V !
— -
50Q
T 12V, 0.25A
Fig.11.3
Determine
(i) the currentin the 50Q resistor,
V= IR
T 1
c—»—%-é—Pr 2—‘1
current= ............ 0 ﬂ - 12}
(i) the currentin R,
\} = |ﬁ
1= ‘qu‘o

azeh OB

CUrrent = ..iiccisiainiasicenn

(iii} the potential difference (p.d.) across R,

p.d. 1]

(iv) the resistance of R.

Wt 2S5

TBSISTANCE = ..iviisssssrosseissssissairsssnssisnmssrnssnsnsrivsoves [ 1]
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Examiner comment — grade A

(a)

(b)

(c)

(d)

The correct circuit symbols for an ammeter and voltmeter were both shown and the voltmeter was
correctly placed across the lamp. However the ammeter does not measure the current in the lamp itself
and so only two marks were awarded. (2/3)

The candidate sensibly suggested that the resistor reduces the current in the lamp but a little more detail
was required for full marks, for example why it is necessary not to exceed the lamp rating. Really good
answers suggested that the resistor limits the maximum voltage that can be placed across the lamp or
that all of the variable resistor can then be used to make adjustments, rather than only 2/3rds. (1/2)

The graph drawn in (i) earned two marks for showing a point that was taken as (12,0.25) and being
curved. The graph however curves in the wrong direction and would involve a decrease in resistance with
an increase in temperature. In (ii), there was a statement as to how the graphs differ, one being curved
and the other not but there was no explanation and so only one mark was awarded. Candidates when
asked in a question to state and explain should know the difference between these two command words
and structure their answer accordingly. (3/5)

In (i), the correct formula was quoted and the correct values used. Many candidates incorrectly used
18 V as the p.d. across the lamp. In (ii), the same answer was quoted as in (i), whereas the current in
the resistor R is the sum of the current in the 50Q resistor and the current in the lamp. Other answer in
(iii) and (iv) were correct given the error that had been made in (ii) and scored full marks. (4/5)

Total mark awarded = 10 out of 15
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Example candidate response — grade C

11 A student sets up the circuit shown in Fig. 11.1.

R
—_ T :
8V | movable
e S af contact
500 4/—?
i filament
5N lamp
o/
Fig. 11.1

R is a fixed resistor in the circuit. The filament lamp is marked 12V, 0.25A.

The circuit is used to produce a current/voltage graph for the filament lamp. The ammeter and
voltmeter needed are not shown.

To obtain different readings, the student changes the position of the movable contact.
(a) On Fig. 11.1, draw the symbols for an ammeter and a voltmeter in the correct positions.  [3]

(b) Explain why it is sensible to include the resistor R in this circuit.

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

| I N o 0‘“’“’“’0“{"}
............................... T iR W . (e Al - - SUEE

(¢) (i) On Fig. 11.2, sketch a current/voitage graph for the lamp.

A »
0.251 ‘,/-

current/A /

voltage/V

Fig. 11.2 (3]
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(i) State and explain how a current/voltage graph for a fixed resistor is different from the
graph for a filament lamp.

Lo e e e SR W VWt S S
DO e W gt b Rxed eed Aoy
R e e s s ]

(d) Fig. 11.3 shows the position of the movable contact when the voltage across the lamp is 12V
and the current in the lamp is 0.25A. '

!

R
— i
18V !
—_— -t
50Q
T 12V, 0.25A

Fig.11.3
Determine

(i) the current in the 50Q resistor,
Ve T
g =T xS

s R B v St = i oo S B [2]

P

) 50
(i) thecurrentin R,

current

o R ST |

(iii) the potential difference (p.d.) across R,

Rere, O

p.d.

(iv) .the resistance of R.
V= TR -
\§ = 026 xR
\$ Rz 90 .

= ',: ¥\ fesistarice = ST e s [
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Examiner comment — grade C

(a) The circuit symbols for both the ammeter and voltmeter were correct and both were in the correct place.
The candidate clearly understands that these meters will be measuring the correct quantities for the lamp
itself and full marks were awarded. (3/3)

(b) The explanation provided was not clear enough. Had the answer suggested that there would be a greater
range of movement of the moveable contact to achieve 0 to 12V then credit would have been given but
the resistor does not itself affect the accuracy of any reading on the meters; indeed it will reduce the
current and decrease the percentage uncertainty in the reading. (0/2)

(c) The graph drawn in (i) was given one mark as it was taken to pass through the correct working p.d. and
current for the lamp. It was not however curved, as it should be for a lamp and this affected the answer
to (ii) which could not be given any credit. (1/5)

(d) The calculation in (i) uses the correct formula and was given the first mark but, unfortunately, the
calculation uses the whole of the e.m.f. of the battery as being across the 50Q resistor and so full marks
were not earned. In (ii), the same answer was quoted as in (i), whereas the current in the resistor R is
the sum of the current in the 50Q resistor and the current in the lamp. The candidate needed to consider
more carefully the p.d. across the various components in a series circuit as the full 18V cannot be across
one component, as was stated in (iii). The final calculation in (iv) correctly used the values obtained by
the candidate in previous sections and was awarded the mark. (2/5)

Total mark awarded = 6 out of 15
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Example candidate response — grade E

11 A student sets up the circuit shown in Fig. 11.1.

£
&) ]
R
'_+_ §
18V : ovable
= contact
50Q
filament
lamp
Fig. 11.1

R is a fixed resistorin the circuit. The filament lamp is marked 12V, 0.25A.

The circuit is used to produce a current/voltage graph for the filament lamp. The ammeter and
voltmeter needed are not shown.

To obtain different readings, the student changes the position of the movable contact.

(a) OnFig. 11.1, draw the symbols for an ammeter and a voltmeter in the correct positions. 3]

(b) Explain why it is sensible to include the resistor R in this circuit. ok
orediboctaatll... Croedle....cx..... peenlice . chilfesdtie... To... prerenk. sowy...
(ullrol&.@ Canomk... czﬁ....fwrenf fﬂxk’@} thsa@t(/z fha.. ﬁfammf

......... 0 SR RS VA R L PV S SR g ST |
(c) (i) On Fig. 11.2, sketch a current/voitage graph for the lamp.
A
0.251
current/A
0 y ; v
0 4 8 12
voltage/V
Fig. 11.2 (3]
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(ii) State and explain how a current/voltage graph for a fixed resistor is different from the
graph for a filament lamp.

Jyorpamrml }f’f ik@ Cf,wrenh ba} !%amnlr Jamp cf@ow c’»}:rgf 0£m5

Joh
Jew co it Slogs...olechon.. How. whan . hocdest einel_yollecge Ao &7 o1
Cxeeectec.
(d) Fig.11.3 ﬁi:ows the posmon of the movable contact when the voltage across the lamp is 12V
and the current in the lamp is 0.25A.
" T
==
18V " ! T
sl ~
. 509 |-
7|_ 12V, 0.25A ; "
| | T B ke
Fig. 11.3
Determine Q-'f I x V/
(i} the currentin the 50 Q resistor,
R= Rt Ra
Roe= L X l6v
I:%& & o '7; :7 current = %2‘784 [2]
(if) the currentin R,
current = g’O%A 1]
(iii) the potential difference (p.d.) across R,
(iv) the resistance of R. '
resistance = 59;841“ 1]
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Examiner comment — grade E

(a)

(b)

(c)

(d)

One mark was awarded for both the correct circuit symbols for an ammeter and a voltmeter, but no more
marks could be awarded as these meters were both in the wrong position. (1/3)

The candidate made a suggestion along the correct lines, but the resistor R does not control the current
in the lamp, it limits or reduces this current. Control of the current is undertaken by moving the contact
on the 50Q resistor. (0/2)

The graph drawn in (i) was given one mark as it was taken to pass through the correct working p.d. and
current for the lamp. It was not however curved correctly, being two straight lines; it was expected that
any initial straight line would not continue past 10 V. Mentioning ohm’s law in (ii) was not helpful, but it
was clear that, for a fixed resistor, that current is proportional to voltage and this was taken as indicating
that the fixed resistor should produce a straight line graph. The explanation of what happens in a filament
lamp was not accepted as the rise in temperature at higher voltages was not clear and the description
that electron flow is stopped or that voltage flows was unclear. (2/5)

The formula used relating current, voltage and current was incorrect in (i). It is sensible for candidates to
start by writing down initially the formula that they are sure of and then rearranging it later, if necessary.
No credit was earned from such a wrong start to the question. The candidate did however earn a mark in
(ii) as the answer given was the sum of the value given in (i) and the current in the lamp. The working has
not been shown but it appears that the candidate has understood that the current splits at the junction of
the lamp and 50Q resistor. The calculations in (iii) and (iv) had no working and were incorrect or had the
wrong units. (1/5)

Total mark awarded = 4 out of 15
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Paper 4 Alternative to Practical

Question 1
Mark scheme
1 (a} (i} correctlength clearly marked B1]

(ii} any one from B1]
rod moves in the water
does not float vertically
sides of the beaker obstruct
clear explanation of why parallax error occurs here

(iii} Practical method stated, e.g. [C1]
1. mark water level on stick
2. mark scale on stick
3. ruler held in clamp/close to beaker/close to rod
4. length measured using a caliper

Clear practical detail, e.g. [A1]
1. +remove and measure
2. + before placing in water/note water level
3. +view perpendicularly/subtract two readings
4. + depth measurer on caliper

(b} (i} axes labelled quantity and unit B1]
scales linear y-axis: 2cm = 1¢cm B1]

x-axis; 2cm = 2

points plotted accurately within %2 small square [B1]
best fit straight line drawn [B1]
(i) negative gradient/decreases as N increases inverse relationship B1]
AN a Allinear/straight line/constant gradient [B1]

(i) 11 [B1]

(c} any one from
same mass/weight [B1]
mass/weight increases by same amount each time
fair test/fair comparison

[12]
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Example candidate response — grade A
1 A student investigates a floating wooden rod.

The wooden rod is placed in a tall beaker. A rubber band around one end of the rod makes it float
vertically, as shown in Fig. 1.1.

rod— |||\,

rubber ~

band B |

water
e | ___tall beaker

Fig. 1.1 (not to scale)

(a) (i) On Fig. 1.1, mark and label the length [ of the rod above the water. (1]
(if) Explain why it is difficult to measure L.

TTheaoole oF M. condaiond.. 052 adedr.. Sl .
o ded Loved A N,Qs., ABe ) oo neal fp&%...u]

welel wo\\o v
(iii) Describe a method of measuring !aocurately

D5t fndee.. ook Kool os close.onpesai e/
o o sMe. ok beake (uad Seallneag e ok St Mipdaly

....-&?.gm&n, kAt ol weonile. Ho... be. Hov-ol. Bpases.2)
ToRee (08 | kpediva eye otCiasecs #+#N
(b) The sludant increases the number N of rubber bands on the bottom of the rod and measures
[ for each value of N. Fig. 1.2 shows the student’s results.

N I/cm
1 8.5
3 6.8
=P TETET i ]
5 5.1
7 3.5
9 1.6
Fig. 1.2
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(i) On Fig. 1.3, plot the graph of /cm on the y-axis against N on the x-axis.
Start your graph from the origin. Draw the line of best fit.

£

T

¥ =l

N [4]

Fig. 1.3

(i) Describe the relationship between and N.
As IV imcresser L JdextosraR . Linad giath
mm‘r\wmaﬂg Qe pokdouad o 2]
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()

(iii) Use the graph to estimate the smallest number of bands needed to sink the rod.

number of bands = \\.[1]

Explain why it is important to use identical rubber bands.

..... WS TRV EE VPPN LN S N TN N
&Wm&w%lwﬁ%%& ..... OSN3 L O N

01

Examiner comment — grade A

(a)

(b)

(c)

This candidate gave an excellent response to this question and scored full marks.

(i) The length of the rod was clearly marked with one arrow just touching the water and the other at the
same level as the top of the rod. It is advisable to use a sharp pencil when indicating a length as the
examiner is looking for precision.

(i) An explanation of how the sides of the beaker obstruct the measurement was given.

(iii) A practical method was explained with detail i.e. the ruler is held close to the beaker and the line of
sight is perpendicular to the scale. There are two marks for the question and the candidate should
be looking to make two valid points here. (4/4)

Full marks were scored for the graph — the axes are labelled correctly, a sensible and linear scale is used
on both axes, points are plotted accurately within half a square and the line of best fit is acceptable. Again,
a sharp pencil is advisable when plotting points and a precise cross is better than a dot as some dots are
too big and lose the mark. The trend of the graph is fully and correctly described in part (ii) i.e. the graph
was linear but not showing an inversely proportional relationship. Some candidates incorrectly stated that
the relationship was inversely proportional and so they lost the second mark here. The candidate then
correctly extrapolated his graph in (iii) to estimate the number of bands needed to sink the rod and also
realised that his answer must be a whole number greater than the point at which his line met the x axis.
(7/7)

The examiner is looking for the idea of a fair comparison here. Many candidates stated that the accuracy
or the reliability of the experiment would be improved but this was not awarded a mark unless a further
correct comment was made. This candidate explains that the identical rubber bands will have the same
mass and does gain the mark. (1/1)

Total mark awarded = 12 out of 12
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Example candidate response — grade C
1 A student investigates a floating wooden rod.

The wooden rod is placed in a tall beaker. A rubber band around one end of the rod makes it float
vertically, as shown in Fig. 1.1.

rod“““ﬂ‘u

rubber—__ |

band \i

water
= | tall beaker

Fig. 1.1 (not fo scale)

(a) (i) On Fig. 1.1, mark and label the length [ of the rod above the water. (1]
(i) Explain why it is difficult to measure L

...]hi.:a....J.%......he.c:.c.l.s.l..&e.....?(h&...:I.Qd...mﬁtu..mst.l\.j...hci%...u? Q?gam .
..iE...m....}.m.z;h...khe,....mnﬁ.a.i...mju.udgﬁ..[.dug...Ln..miw...... e k(1]

(iii) Describe a method of measuring [accurately.
Place. Ahecod in. e waaler.. Motk Yoo end ok e ...
susface... Coming.ouk...of. dhe. maler... w0 Lwﬁk'pfaoﬂ..mgim

mark,

Toke..ouk. Yee. xad..and.. wshon . seole_mencufe. law BULmedkec4. (2]

(b) The student increases the number N of rubber bands on the bottom of the rod and measures
[ for each value of N. Fig. 1.2 shows the student's results.
* 2

N em
1 8.5
3 6.8
5 5.1
7
9

35
1.6

Fig. 1.2
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86

(i) On Fig. 1.3, plot the graph of I/cm on the y-axis against N on the x-axis.

Start your graph from the origin. Draw the line of best fit,

AT T P ;
- ?.- e - ] " 1 = " 3 . Y
S m
SN 4 -
g EEENEHE T H
[ [ N A+ L
. ] .
- [Tl "_’r-r' ! i
= ISEREE
L& 2 - I[ il £ +HH H
N
TR i, { B EE =
5’ : 0B 1 :”
Wl en N -
H HH
18 T =8
§ids H EEHHHHHH
,-.,..% ) ! i
P ] mas :
\U | T t 1 u
<5 afHHT : : -
3 A i ] 1T 5 E ‘
O 1 TI1T IH_ 1 1
HHH - +
T :1*”:“ IBEEE . o )
Yl s amaneznns suEme nes " :
FT T ! : B i I
secdiiH ehiteees ] F
16 N -] : 3 1
- 2 » ! 1
T T I it am
e v SRS BERssamnna
i i ] T i £ i I
! A __T : = [' r | B S
HEEaSAE i B AN SRR 5 aizn
0- ! 1 [ T : S a1 i e
L SO SR TR BT S S R DINE SRT T ¢

N
Fig. 1.3

(i) Describe the relationship between {and N.

(4]

.........L....l.s......i.f.\.\!g.(&.&l.éﬁ.....@ingni..’ﬁoncﬁ Yo N __and  the
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(ii) Use the graph to estimate the smallest nymber of bands needed to sink the rod.
aucber of bonds needed are 1L _

AUMBEF OF BANGS = .vvvvvvereseese ke Arurerscnsssnsemssssessessssssssssssess 1]

(c) Explain why it is important to use identical rubber bands.

s deperdank. o...ose. fdecheal rubber. bands.. In......
otdec....to. %&b oa...asumole. (equa) vgadfngqﬁiﬂ&mnh..{%ﬁ&...
0% xuoles... ane\b ey hove.. d«{&ﬂenE 0N85%. 0. sloLUrT\%i
Lt coulch Q,%’Eetlf& ‘“A@f ‘i‘e.cndlﬂ%b IS )

Examiner comment — grade C

(a) (i) The mark was not awarded here as the tip of the arrow is seen to be higher than the top of the rod.

(ii) The candidate has clearly explained that the movement of the rod will make it difficult to measure
the length and the mark was awarded.

(iii) The candidate described a practical method of measuring I correctly and scored both marks. (3/4)

(b) This candidate scored three out of the four available marks for the graph. The axes are clearly labelled and
a sensible, linear scale is used on both axes. The points are precisely plotted with small dots gaining the
third mark. However, the line of best fit does not score the mark. The candidate should aim to draw his
line as close to as many of the points as possible. Sometimes this may result in the line missing some
points in which case, the line should aim to have as many points below as above it. However, in this
case the line could be drawn to go through (or very close to) the majority of the points and this should
have been done. One mark is awarded in part (ii) for describing the relationship as inversely proportional.
This is not strictly correct and would have prevented the candidate gaining both marks if he had scored
another correct marking point. However, it does show some understanding that one variable increases as
the other decreases so it is given one mark. The candidate correctly extended his line in part (iii) to meet
the x-axis and correctly recorded his answer as 12. This gained the mark (error carried forward). (5/7)

(c) The candidate stated that it is important to use identical bands to get an accurate reading. This is not
enough to get the mark. However, he goes on to explain that different bands may have different masses
and so gains the mark. (1/1)

Total mark awarded = 9 out of 12
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Example candidate response — grade E
1 A student investigates a floating wooden rod.

The wooden rod is placed in a tall beaker. A rubber band around one end of the rod makes it float
vertically, as shown in Fig. 1.1.

rod—__ | L

Lo
rubber
band T4

water
T |_—tallbeaker

Fig. 1.1 (not to scale)

(@) (i) On Fig. 1.1, mark and label the length [ of the rod above the water. (1]
(ii) Explain why it is difficult to measure L

............... I+;3J¢th¢rJ&ewvm ...
(H)l('l—f-p ..... @n naf&ﬂf’)akﬂz%closzﬁf)&um

(iii) Describe a method of measuring { accurately. verdicaly besoz the
..................B.;l......béb.;ﬁﬂa ........ a..gukr... Veém@um ....... Yad
............ J’Wnﬁ.zi'S@.uafeAG)ij. D%&l’ﬁpﬂﬂa’/
............ D%Jﬂul’ndﬁﬂa{du&t&ow‘ﬂkmﬁrm

(b) The student increases the number N of rubber bands on the bottom of the rod and measures
L for each value of N. Fig. 1.2 shows the student’s resuilts.

N l/icm
1 8.5
3 6.8
5 8% |
7 35
9 1.6
Fig. 1.2
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Paper 4 Alternative to Practical

(i) On Fig. 1.3, plot the graph of I/cm on the y-axis against N on the x-axis.
Start your graph from the origin. Draw the line of best fit.

N ' [4)

Fig. 1.3
(i) Déscrﬂaemezlaﬂonsmfpbémnland:) ok g e o olecftwa
Q = A EYeaAl. ... L7

| ] .1'5. 9 ;@J)(?ﬁﬁrnnql f}. .. 2
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Paper 4 Alternative to Practical

90

(c)

(iii) Use the graph to estimate the smallest number of bands needed to sirik the rod.

number of bands = .2[1]

Explain why it is important to use identical rubber bands.

S T S LI T W VLo =179 S
wammfnfaiecre%zmknjﬂiakove
wp,tefo][ﬁ ......-m.-....i.f....f.ncreuq»z«e‘s.....s;zcc.um%.....aﬂ.........

Examiner comment — grade E

(a)

(b)

(c)

(i) The mark was not awarded here as the tip of the arrow is seen to be higher than the top of the rod.

(ii) Parallax error alone would not have scored the mark here but the candidate goes on to explain that
this is because the ruler cannot be placed close enough to the rod and so gains this mark.

(iii) One mark was given here for using a ruler beside (close to) the rod to make a measurement.
However, the use of set squares as described would be difficult in this case and the candidate has
not explained how the length measurement would be obtained so the second mark was not given.
(2/4)

This candidate gained one mark for labelling the axes on the graph correctly. The x axis scale is divided
up in increments of 1.5 and this makes it almost impossible to correctly plot points. Consequently,
the following two marks cannot be awarded. Candidates should aim to use a sensible scale (avoiding
multiples of 3, 7 etc.) and to fill as much of the graph paper as possible. The mark for the best fit line was
not awarded as more points are above the line than below it. The candidate correctly described the trend
as Nincreases / decreases but does not gain the second mark. No mark is awarded in part (iii). (2/7)

The candidate states that identical rubber bands will increase the accuracy of the experiment which does
not gain the mark. (0/1)

Total mark awarded = 4 out of 12
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(@)

(b}

(c)

(d)

(e)

current cao

any one from

(low resistance) does not decrease current (much)

high resistance would decrease the current

(low resistance) ammeter reads a large(r) value (than high R ammeter)
current is high(er)

very little p.d. across it

0.67 A cao

any one from

no parallax error

needle does not stick

easier to read / measure (current)
easier to change range

lower resistance

(i) currentis same in series circuit/no junctions/single loop

{ii} any one from
meters not identical /exactly the same
zero error in meter
different calibration/calibration error

[B1]

[B1]

[B1]

[B1]

[B1]

[B1]

[6]



Paper 4 Alternative to Practical

Example candidate response — grade A

2 A student investigates the use of ammeters in a circuit.
(a) State the quantity measured with an ammeter. _
(b) Explain why it is important for an ammeter to have a low resistance. ‘

(¢) Fig. 2.1 shows an analogue ammeter.

- ™

+ O 0.5
' O 0 A 1.0

Fig. 2.1

State the reading on ng ammeter.

_ reading = O{??A[ﬂ

(d) A school has both ‘cﬂrg‘ital and analogue ammeters.
Suggest one advantage of using a digital ammeter rather than an analogue ammeter.

W{a AS
.tf&%qm :’_—iﬁhr ﬁe&&% st el se. dged. oua e

(e} Fig. 2.2 shows a simple circuit.

.

P Fig. 22 !

g o
A student c::;nnec.‘;:’s’r t;r;e similar ammeters at X, atyY and at Z. The ammeters give slightly
different readings.
(i) Explain why all the ammeters should give the same reading.
Shoad 4ot Sane tead iy o dn.. 84 10 L SR GRY YL
cuntenk doen oot deydde aud \s sac.. ffpeqhond “‘*&um[ﬂ.
(if) Suggest a reason for the slight differences in the th ree readings.

e Leds. won base..... sV ZTrel.... et 1 e R lec
Wese.. ok M\mu} 2040, e Rt e ety RV ININ A .[1]
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Paper 4 Alternative to Practical

Examiner comment — grade A

(a) Correct answer of current. (1/1)

(b) The response required here is that a high resistance would decrease the current and this candidate has
clearly stated this. (1/1)

(c) The candidate needed to read the scale accurately to gain the mark here. No margin of error was allowed.
(1/1)

(d) The candidate correctly stated that there would be no parallax error possible with a digital meter (this
would not be the case with an analogue meter). (1/1)

(e) The candidate is expected to recognise in part (i) that this is a series loop in which the current will
be the same throughout. In part (ii) the candidate is expected to give a reason why the readings may

differ slightly. This can only be due to a difference in the meters and not anything else in the circuit. This
candidate correctly suggested a zero error in the meter. (2/2)

Total mark awarded = 6 out of 6
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Paper 4 Alternative to Practical

Example candidate response — grade C

2 A student investigates the use of ammeters in a circuit.
(a) State the quantity measured with an ammeter. :
(b) Explain why it is important for an ammeter to have a low resistance.
S dhel.... Cutent...cun.. Cosi l/ FJM
c:mc.J ammtf R TROMAE T T ]

(c) Fig. 2.1 shows an analogue ammeter.
4 A

+ O 05
O 0 A 1.0

Fig. 2.1
State the reading on the ammeter.

reading = Oé?‘l\ﬁ]

(d) A school has both digital and analogue ammeters.
Suggest one advantage of using a digital ammeter ralher than an analogue ammeter.

s ajaéb %ﬁj—aﬂ 34@5 Aeunle. (eaafmfm

(e) Fig.2.2 shows a simple circuit.

Fig. 2.2

A student connects three similar ammeters at X, at Y and at Z. The ammeters. give slightly
different readings.

(i) Explain why all the ammeters should give the same reading.
ki e EA.... CilXHEL... nai
Sﬁfﬂﬂ oL u((eﬂ?l ]0 jam.s ........... Jﬁ.ujh..awt. %...S86€A..... r_;m.ui ........
(ii) Suggest a reason for the slight differences in the three readings.
The ;ﬂ;@oP sisdor.. sed... K cames..
.......... J’Eeaisj'ancgga = amm?ér fﬂadi, S.. aécrgﬁm

P e L N LojU. N P P  T RT S )’q TIFF AT
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Paper 4 Alternative to Practical

Examiner comment — grade C

(a) The quantity is correctly stated as current. (1/1)

(b) No mark is awarded here. The statement that the current can flow easily is not incorrect but it does not
define the relationship between current and resistance. (0/1)

(c) The scale was read correctly and the mark is gained. (1/1)

(d) Many candidates think (incorrectly) that digital meters are more accurate than analogue meters. A digital
meter is easier to read and therefore the candidate is less likely to err in taking a reading but this does not
mean that the instrument is more accurate. No mark awarded here. (0/1)

(e) The candidate gained the mark in part (i) for correctly identifying that the current is the same throughout
the series loop. However, the mark in part (ii) is not gained. The fixed resistor would have had the
same effect on all three ammeters. The difference can only be explained by a difference in the meters
themselves. (1/2)

Total mark awarded = 3 out of 6
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Paper 4 Alternative to Practical

Example candidate response — grade E

2 A student investigates the use of ammeters in a circuit.
(a) State thé quantity measured with an ammeter.

(b) Explain why it is important for an ammeter to have a low resistance.
s i.f be[nq_-,a 'rf Lhe ([,urr?r\l_- ‘IJ 100 (bn-;pcued L

Yhr resct,ame . 'ts\en 'I-kr_'_.-g il l;a ne rmc}:rlj

.[1]

(¢} Fig. 2.1 shows an analogue ammeter.

- N

% O 0.5
O 0 i 1.0

Fig. 2.1

State the reading on the ammeter.

reading = ag-gg"qﬁ]

(d) A school has both digital and analogue ammeters.
Suggest one advantage of using a digital ammeter rather than an analogue ammeter.

more CeC LA Cinck Gasgy 1o gt "chd]"\s‘g , 4]

(e) Fig.2.2 shows a simple circuit.

Fig. 2.2

A student connects three similar ammeters at X, at Y and at Z. The ammeters give slightly
different readings.

(i) Explain why all the ammeters should give the same reading.
'Ih) 5 IS‘ becm—.. JE the Some Current g

5'0\9[9\&6 J:b -H\e ohele Circait. - . (1]

(i) Suggest a reason for the slight differences in the three readings.

This is because the cc,rf ent that oeni th(oug )y
T T e R L TR Y -rh" ta ﬁﬁﬂ\raa EG ALl vy .
fesister  fram  the boktery cohen wmmj out “‘9['1?6“"
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Paper 4 Alternative to Practical

Examiner comment — grade E

(a) This candidate has not understood the difference between a quantity and its unit. This error was not
unusual on this paper. (0/1)

(b) This response indicated a low level of understanding of the relationship between current and resistance.
(0/1)

(c) The correct answer only could gain the mark here. This candidate was close but the needle was clearly
halfway between 0.66 and 0.68 in the diagram so 0.67 A is the correct answer. (0/1)

(d) This candidate incorrectly thinks a digital meter is more accurate but goes on to explain that it is easy to
get the readings. This gets the mark for ‘easier to read’. (1/1)

(e) No mark is awarded in either part of this question. The candidate has a poor understanding of the circuit.
(0/2)

Total mark awarded = 1 out of 6
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Paper 4 Alternative to Practical

Question 3
Mark scheme
3 (a} (iy normal correctat P
(ii} angler correct£1°
(b} (iii)) 2.8+0.1cm
6.2 + 0.1cm unit required on at least one response

(v) 5.3+0.1(cm)
8.2 + 0.1(cm)

(vi) 1.6 or ecf correct ratio calculated no unit

(¢} emergent ray drawn parallel to incident ray and labelled L
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[B1]

[B1]

[B1]

[B1]

[B1]
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Paper 4 Alternative to Practical

Example candidate response — grade A
3 An experiment is carried out to investigate refraction of light through a-glass block.

Fig. 3.1 shows a rectangular glass block. A ray of light is incident at P at an angle of incidence of
40°. The angle of refraction in the block is 24°.

(a) On Fig. 3.1, draw lines to represent
(i) the normalatP, |
(i) the refracted ray. 1
(b) The lower face of the block is labelled XY.

(i) On Fig. 3.1, continue the normal to meet XY. Label this point A.

(i) On Fig. 3.1, continue the line of the refracted ray to meet XY. Label this point B.

(i) Measure AB and PB.
AB = oo BB
PB = orreren 822

(1]
(iv) - On Fig. 3.1, continue the line of the incident ray to meet XY. Label this paint C.
(v) Measure AC and PC,

AC = LN
TOTEUNN 10 1o SR
(1
(vi) Theory suggests that the refractive index of the glass is given by the ratio
AC x PB
AB x PC

Calculate this ratio.
Give your answer to a suitable number of significant figures.

52 x €9 = |-56T
A~ §2 = [LE€]
s _3__5_% ratio = 1’56[1]
z-

{(¢) ©On Fig. 3.1, draw a line to represent the ray of light that emerges from the block.

Label this line L. {1

Cambridge O Level Physics 5054 99



Paper 4 Alternative to Practical

100

glass block

PeFrec bed Koy

Examiner comment — grade A

(a)

(b)

(c)

The examiner is looking to see how well the candidate can obey a series of instructions. A sharp pencil
and a protractor are essential items here. This candidate correctly drew the normal and the refracted ray
within the allowed tolerance for the angle. (2/2)

Again, the candidate needed to follow the instructions given and then make the required measurements
to the nearest 0.1 cm. A small tolerance was allowed in the expected measurements. Each measurement
should also have a correct unit. This candidate gained both marks here. In part (vi) the candidate is
expected to use his measurements and calculate a given ratio. He is also expected to give a suitable
number of significant figures in his answer. No unit should be seen as it is a ratio. This candidate correctly
calculated the ratio from his readings and gave the answer to 3 significant figures (2 or 3 were acceptable
here). (3/3)

The candidate correctly drew a line to represent the ray of light emerging from the block. However, the
line was not labelled L as instructed. Unfortunately, this meant that the mark was not gained. (0/1)

Total mark awarded =5 out of 6
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Paper 4 Alternative to Practical

Example candidate response — grade C

3 An experiment is carried out to investigate refraction of light through a glass block.

Fig. 3.1 shows a rectangular glass block. A ray of light is incident at P at an angle of incidence of
40°, The angle of refraction in the block is 24°, : ;

(a) On Fig. 3.1, draw lines to represent

(i) the normal atP, (1]
(i) the refracted ray. (1]

(b) The lower face of the block is labelled XY.

() On Fig. 3.1, continue the normal to meet XY, Label this point A.
(i) On Fig. 3.1, continue the line of the refracted ray to meet XY. Label this point B.
(iii) Measure AB and PB.

AB= . 232 em
PB = @gﬂcm
(1]
(iv) On Fig. 3.1, continue the line of the incident ray to meet XY. Label this point C.
(v) Measure AC and PC.
AC= o BB B2 YBem........
PC= e o2t 8230 000.....
' (1]
(vi) Theory suggests that the refractive index of the glass is given by the ratio
AC xPB
’ AB x PC
Calculate this ratio.
Give your answer to a suitable number of significant figures.
545 X6-&5
5O 4% =473 2+79%%-30
9%
ratio = ........ == .\.6|[1]
(¢) On Fig. 3.1, draw a line to represent the ray of light that emerges from the block.
Label this line L. [1]
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Paper 4 Alternative to Practical

[\ glass block

)

| &

v

= Yt

| __

| A

K X 2 y
Fig.31!

Examiner comment — grade C

(a)

The candidate followed the instructions and his diagram was clear. Both marks awarded here. (2/2)

(b) The candidate continued to follow the instructions given and his diagram was good. However, it is

(c)

important, when taking measurements, that the recorded values are sensible for the instrument used.
It is not possible to record a length to the nearest 0.01 cm using a ruler. At best, the measurement can
only be made to the nearest half millimetre (0.05cm). Consequently the reading of 2.79cm for AB in
part (iii) meant that this mark was not awarded. In part (iv), the recorded values were to the nearest half
millimetre but the reading of AC = 5.45¢cm was outside the range allowed for this measurement so again
no mark was awarded. In part (vi) the candidate used his values to correctly calculate the ratio and gained
this mark. (1/3)

The emerging ray was drawn correctly and labelled L, gaining this mark. (1/1)

Total mark awarded = 4 out of 6
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Paper 4 Alternative to Practical

Example candidate response — grade E
3 Anexperiment is carried out to investigate refraction of light through a glass block.

Fig. 3.1 shows a rectangular glass block. A ray of light is. mmdent at P at an angle of incidence of
40°. The angle of refraction in the block is 24°.

(a) On Fig. 3.1, draw lines to represent

(i) thenormalatP ' [1]
(i) the refracted ray. _ (1]

(b) The lower face of the black is labelled XY.

(i) On Fig. 3.1, continue the normal to meet XY ‘Label this point A,
(i) On Fig. 3.1, conunue the line of the refracted ray to meet XY. Label this pomt B.
(i) Measure AB and PB.

sl o N
(iv) On Fig. 3.1, continue the line of the incident ray to meet XY. Label this point C.
{v) Measure AC and PC.
AC = X 1
= TR -V U
. ' (]
(vi) Theory suggests that the refractive index of the glass is given by the ratio
AC x PB
ABx PC
Calculate this ratio. .
Give your answer to a suitable number of significant figures.
AcCx PB S-ixzL 21577 3Blé
—-___.-—-—-'-‘ -
ratio = IJ77{1] _
(¢) On Fig. 3.1, draw a line to represent the ray of light that emerges from the block.
Label this line L. o [1]
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Paper 4 Alternative to Practical

104

INimwmm ...

P
!

glass block

Examiner comment — grade E

(a) The candidate followed the instructions and his diagram was clear. Both marks awarded here. (2/2)

(b) The candidate lost marks here due to the inaccuracy of his measurements. In part (iii), the measurement
for AB was correct but the measurement for PB was out to tolerance, so no mark scored. Again in part
(iv), the measurement for AC was out of the allowed range so this mark was not scored. In part (vi), it is
the answer on the answer line that is marked when two possible answers are given. The ratio needed to
be given to 2 or 3 significant figures so the answer on the line of 1.577 did not score the mark. The answer
in the working of 1.6 would have been correct but this could not score. (0/3)

(c) The candidate did not draw an emerging ray so no mark scored. Candidates need to ensure that they have
answered all of each question. (0/1)

Total mark awarded = 2 out of 6
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Paper 4 Alternative to Practical

Question 4

Mark scheme

4 (a) (i} (V=)Ixwxhseen B1]
7.6cmand 2.6cm and 1(.0)cm seen B1]
height or volume / 10 B1]
2.0cm?® cao unit required B1]

(ii} any one from B1]

makes thickness of one slide/height/volume/density/result more accurate
slides are thin

slides may vary in thickness

gives average value for thickness of one slide

(b} scales/balance [B1]

[6]
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Paper 4 Alternative to Practical

Example candidate response — grade A

4  An experiment is carried out to determine the density of the glass used to make microscope slides.
Fig. 4.1 shows a stack of 10 microscope slides.

Fig. 4.1 (not to scale)

Fig. 4.2 shows full-size views of the stack of microscope slides.

top view | |
[

R

N
i
1

!

)

L

front view side view

Fig. 4.2 (full size)

(a) (i) By taking measurements from Fig. 4.2, determine the average volume of a microscope

slide. .
State clearly any measurements taken and show how the volume is calculated.

Give your answer to 2 significant figures.

volwme: of olk -}D(de’{\r\saf z.Lxorh
o 2 7.6 x2.6x\

2 19. 76 em?

V4-76
yolwme oﬁ— onz —Tg

= h‘l‘?Gc,ma oy Q,OUTP

volume.= 10@“\3{4]

(ii) Explain why a stack of 10 slides is used rather than just one slide.
...Ii&i..s.....1.&......b.e.c;m&ei......'tm......m?j\\.\;....o.i....un.e....ﬂide...h..fpxz..gﬂf&m.l\;.
Ao, mensure.. sesalking. in. pasallex..eqor..as. cosn.pored withn. A0 ikef1)
(b) State any additional equipment needed to find the density of the glass. )
Lleshronic. alance.. (50, measure.  mAS s {1]
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Paper 4 Alternative to Practical

Examiner comment — grade A

(a) The candidate was expected to find the volume of a stack of ten microscope slides and then divide the
volume by 10 to get the volume of one slide, giving the answer to 2 significant figures. This candidate
showed the measurements and working clearly at each stage. The answer of 1.976 cm?® was then correctly
expressed as 2.0cm?® to 2 significant figures. All four marks scored. (4/4)

(b) In explaining why 10 slides should be used, the examiner is looking for the candidate to identify that the
height/thickness of one slide would be difficult to measure accurately using a ruler. This candidate gained
the mark here. (1/1)

(c) An electronic balance was correctly identified as the additional equipment to find the density of the glass.
(/1

Total mark awarded = 6 out of 6
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Paper 4 Alternative to Practical

Example candidate response — grade C

4  An experimentis carried out to determine the density of the glass used to make microscope slides.
Fig. 4.1 shows a stack of 10 microscope slides.

Fig. 4.1 (not to scale)

Fig. 4.2 shows full-size views of the stack of microscope slides.

top view

M
A4

‘“__ Llam

W

“front view side view ~
Lz Vbun %:l.bcw
‘Fig. 4.2 (full size)

(a) (i) By taking measurements from Fig. 4.2, determine the average volume of a microscope

slide.
State clearly any measurements taken and show how the volume is calculated.

Give your answer to 2 significant figures.

o \Us LxbXxh k L=\ bewm 1\):1'(3(‘,%,\“,_\'\%)

i

- b x e 6xX VN avg wel oF \o cideq-
i ' 201N e
— L\ W s =R
o R =02
\ D‘: fess. By S Cm‘s , volume = Mj——‘C-\""\...“S{df]

(i) Explain why a stack of 10 slides is used rather than just one slide.

:Swgpx\eygséeLQ%@Sm'\l\'kae

maﬂ?ufﬁé-mhrlfl“ =S S-S =Y (RO O N S B\ )
Ve \eSS CLvance ot efor 1a Xaline, SNeag,e.
(b) State any additional equipment needed to find the density of the glass. '
pelon

B.s......o\e.v.\giss;)..a....“}}3&&....:..S..?.’.g..o..i........m&%........mﬁ'm.eﬂ:}.\ ..... b 2N
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Paper 4 Alternative to Practical

Examiner comment — grade C

(a) This candidate understood the principles required to answer the question and used the correct equation
to find the volume and gained the first mark. The measurement of the height of the stack was incorrect
so the second mark was not given. The candidate gained the third mark for dividing his volume by 10 but
the fourth mark was for ‘correct answer only’ so not given. (2/4)

(b) This answer was not precise enough to gain the mark. ‘One side’ could refer to any of the three lengths
measured. (0/1)

(c) The candidate correctly suggested a beam balance to find the mass and hence the density. (1/1)

Total mark awarded = 3 out of 6
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Paper 4 Alternative to Practical

Example candidate response — grade E

4 Anexperiment is carried out to determine the density of the glass used to make microscope slides.
Fig. 4.1 shows a stack of 10 microscope slides.

Fig. 4.1 (not to scale)

Fig. 4.2 shows full-size views of the stack of microscope slides.

D C
top view
A &
Q %[ront view ) R side view A

Fig. 4.2 (full size)

(a) () By taking measurements from. Fig. 4.2, determine the average volume.of a microscope -

slide.
State clearly any measurements taken and show how the volume is. caicuiated

Give your answer to 2 significant figures. ;‘\UV?UD*C}( = "I- 746 =11 55&

= T7.8Un >
% 25& ’ h%;l\__ 2.6 AUQragye = Q.;Gii_)—___e"‘ LA
f‘\ 3
)
voQunmne = 9\

= 5
R S

UDQ U\M@Z - 7 5 6\miurne = 7 5 6\4‘ ,,—Iy»-,}

(ii) Explain why a stack of 10 slides is used rather than just one slide.
Loons® sne sDide hayverd Qesy  velunie by
\")\"“Q\’”\LOQ"KDM"\OtC)\QKQ"M\“\QC&Q“%&:}{1 ]

(b) State any additional equipment needed to find the density of the glass.

bean bRanse. b‘j woinsh. @ AR ERvoine the U8
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Paper 4 Alternative to Practical

Examiner comment — grade E

(a) This candidate did not use the correct equation to find the volume and his measurements were not
correct. No marks could be awarded. (0/4)

(b) The candidate failed to understand why finding the dimensions of a single slide would be inappropriate.
(0/1)

(c) The beam balance was correctly identified here. (1/1)

Total mark awarded = 1 out of 6
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