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Introduction

This standards booklet, for International AS/A Level Physics, draws on typical responses given in question
papers from the November 2008 session. Examples are given for a selection of questions from each of the
four written papers:

Paper 2 AS Theory

Paper 31  Advanced Practical Skills

Paper 4 A2 Theory

Paper 5 Planning, Analysis and Evaluation

For each paper, sample responses are given for a number of questions. In each case, responses are shown
from each of three candidates:

Candidate A

This candidate is typical of a student who receives an eventual grade A in the overall International A Level
Physics qualification. Although some responses show occasional slips, the standard of knowledge and
application of this knowledge is at a high standard.

Candidate B

Responses from this candidate, although also very good, fall just short of the standard expected from a
grade A student. A consistent understanding of the core knowledge is demonstrated, but the candidate
struggles with some of the finer understanding of the implications of the physics that has been learnt.

Candidate E

Responses from this candidate demonstrate only just sufficient knowledge to gain an eventual pass mark.
The student has clearly gained some understanding and skill from their A Level course, but continues to
struggle with some of the basic concepts that have been taught.

In each case, candidates’ responses are accompanied with an examiner’s commentary, explaining where
answers fall short of the standard expected, and giving suggestions for how students’ answers could be
improved.

The responses shown are genuine answers given by candidates, though in some cases these come from an
amalgam of different scripts. The answers have been rewritten, to protect anonymity.

It may be helpful to read this standards booklet in conjunction with the November 2008 mark schemes and
Principal Examiner’s Report to Teachers—both of which are available from CIE’s Teacher Support Site, at
http://teachers.cie.org.uk/.
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Paper 2 AS Theory

Question 2

A car is travelling along a straight road at speed v. A hazard suddenly appears in front of
the car. In the time interval between the hazard appearing and the brakes on the car coming
into operation, the car moves forward a distance of 29.3m. With the brakes applied, the front
wheels of the car leave skid marks on the road that are 12.8 m long, as illustrated in Fig. 2.1.

position of car skid mark
when hazard appears ,
29.3m 128 m
Fig. 2.1

It is estimated that, during the skid, the magnitude of the deceleration of the car is 0.85 g,
where gis the acceleration of free fall.

General comments

Candidate A

The candidate demonstrates a clear understanding the equations required for a solution of the numerical
parts of the question, ignoring a minor slip in the number of significant figures quoted in the answer to (a)(ii).
It is recognised that good candidates can make the odd slip due to exam pressure. The candidate then gives
correct answers to two out of three of the points required for the comment section (b).

Candidate B
The candidate shows partial understanding of the equations required to solve the numerical parts, but at
not quite the same level as the grade A candidate. This candidate correctly identifies the idea of thinking

distance.

Candidate E
The candidate uses the correct equation in (a)(i) but, as with many grade E answers, attempts to use the
same equation in (a)(ii). For (b), many grade E answers did not draw correct conclusions from the answers

to the numerical parts, or the candidates never attempted this section.
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Paper 2 AS Theory

Specific comments

{a) Determine

(i} the speed v of the car before the brakes are applied,

Candidate A
v = u* t 143
0 - WUt ¥ 7 {0.55)(4-%1)(12.8)
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Full marks for a correct answer to an allowed number of significant figures.
Candidate B
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Full marks for a correct answer to 3 significant figures.

Candidate E

=213 o4 =,0=3§j
G =u+ 205
vi= 2 (03? XQ-SD(%G)

v 7'{(2 xo,ssxﬂ-&)(zq.g)‘ =224
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One mark for this section. The candidate uses the correct equation but makes a substitution error, entering
the wrong distance and so loses the final mark. This wrong value would be carried forward to (b) and,
provided the candidate made consistent comments, full marks would be awarded.
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Paper 2 AS Theory

(i) the time interval between the hazard appearing and the brakes being applied.
Candidate A
\ 2
¢ = ub + /24t
75.3 = 14.6% +0
4+ = 2.00¢

Full marks for a correct answer, ignoring one minor error in the significant figure calculation.

In general, candidates are allowed to quote answers to plus or minus one significant figure than required
by the numbers used. The only occasion when this is not the case would be when a question asks for an
answer to a specified number of significant figures.

In this paper, the candidate uses three significant figure values in the calculation 29.3/14.6 which, using
the above rule, would allow the candidate to give answers of 2.006's, 2.01s and 2.0s for full marks. The
candidate, however, gives an answer of 2.00s.

Candidate B

oL WE UAGE i
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The candidate thinks the car is decelerating in this section, wrong physics, no marks awarded.

Candidate E

5—2:1‘3 5:\2'3 a’f—o"gs_j

5=t + -"?atz

2
23 123 = 4 (085
194 v 5 [3

time = ...

The candidate thinks the car is decelerating in this section, wrong physics, no marks awarded.
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Paper 2 AS Theory

(b) The legal speed limit on the road is 60km per hour.
Use both of your answers in (a) to comment on the standard of the driving of the car.

Candidate A

!

Mowers ok (630487 tbe CAL e Rl eSTld

st come. cnte o pe it AR e [3)

The candidate correctly calculates that 60 km/hr = 16.7 m/s. The second mark then requires the candidate
to state that this speed is lower than the speed limit; however, the candidate makes use of the words
maintained the speed limit and has been given the benefit of doubt as compared with exceeding the speed
limit and has been awarded the mark.

The question asks the candidates to use the two answers in (a) and so the final mark was to realise that the
answer to (a)(ii) was the reaction time and that 2s was a very slow reaction time. The candidate misses this
point and so no mark is awarded. This was a very common error when students answered this question.

Candidate B

The Cox Yands od a lefeSpmd. qnd.

....................................................................................... " .

In this section the candidate is only awarded the mark for a large thinking distance equivalent to a slow
reaction time. The error in (a)lii) is carried forward and the conclusion is still consistent with the incorrect
answer in (a)(ii).

Candidate E

The candidate thinks the car is travelling at 60 km/hr but includes no physics to link this back to (a)(i). The
candidate also failed to introduce the idea of reaction time which, if correctly referenced back to the wrong
answer in (a)(ii), would gain the mark.
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Paper 2 AS Theory

Question b

Some smoke particles are viewed through a microscope, as illustrated in Fig. 5.1.

A

™

microscope
| p

smoke cell
light

Brownian motion is observed.

General comments

Candidate A

In answering this question, the candidate shows a clear understanding of the interaction between the air
molecules and the smoke particles.

Candidate B
The candidate is able to display a good understanding of the physics required to answer the first two parts of
the question, but is unable to apply this knowledge to generate an answer to the unfamiliar situation in (c).

Candidate E
The candidate has a rather vague idea about the random motion of particles, but is unable to see the link

between the movement of the smoke particles and the random motion of air molecules.
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Paper 2 AS Theory

Specific comments

(a) Explain what is meant by Brownian motion.

Candidate A

Full marks obtained as the candidate states that Brownian Motion is the random motion of smoke particles.

Candidate B

f){mmmm.rrd{gﬂ..jpﬂr.(&...mndom,..Qorﬁnuom...mdﬁm

ot qf%\%m&x(ﬁ(oumqnn(d\onawéa«qdmm
fac s cantiauans, andomnadion of aas fofiduse

Full marks gained for the random motion of particles in air. The mark scheme was looking for smoke particles
but benefit of the doubt has been given by reference to the next section where the idea is that the smoke
molecules are moving randomly. The word molecules is ignored.

Candidate E

One mark gained in this section for random movement but then the candidate associates this with the
motion of the invisible air molecules not the smoke particles.
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Paper 2 AS Theory

(b) Suggest and explain why Brownian motion provides evidence for the movement of
molecules as assumed in the kinetic theory of gases.

Candidate A
Ssnce tne saadRe palSidtlant. borsy. cdllided by....
airnmadleculed. Laadaggmhalaced WaM it mgand,
i"/wtawMﬂewleMc/wa&Wvﬂﬂvano{ ........
L LA 1 1 R O 2]

The candidate loses the first mark as there is no indication why the smoke particles move: there is no
mention that the collision rates on the smoke particles are unequal/unbalanced. However, the second mark
is awarded for the statement that the motion of the striking air molecules is random. These are B marks so
the two answers are not linked and can be awarded separately.

Candidate B

Mo et A _.__g{@m..s{mﬂm 90508
Q(Q,mmvd\r\woél‘mm{pmwd\mﬁ Wi, Mo
Shnorsstais Frnonn, brcause smake moliabis o

’ ' e 000 fanaom h
iﬁmﬁ’ﬂﬂjﬁuomﬁimm% and fandombr

Mark awarded for the link between kinetic theory and the random motion of gas molecules. The candidate
does not gain the additional mark in this section as there is no explanation of how this leads to the
movement of the smoke particles. Compare this with the A grade candidate.

Candidate E

LMoy HIETLLARIOD Q1 VW S

g r'\o\ecmlﬁ’)

relec

No marks gained in this section as the candidate needs to explain why the smoke particles move:
unbalanced forces or unequal collision rates. Compare with the grade A and B candidates.
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Paper 2 AS Theory

(c) Smoke from a poorly maintained engine contains large particles of scot.
Suggest why the Brownian motion of such large particles is undetectable.

Candidate A

eole) LA a[/( a&mcﬂwi here fue. VU&:\.LtM.t

.Ep.c.tﬁc,..!'.é...é.s.{.g..ﬁm.ef!...f!'}.%...i.@.{gc..pﬂ.tlf.c.!.er...g.(.m.i..m.&mama... [2]

Full marks are again awarded for the two statements that the soot is hit by air molecules in all directions so
the resultant force is zero and so the particles do not move. Just a statement that the resultant force is zero
would not be sufficient for the first mark as the statement needs justifying.

Candidate B

Oxconthon ndion. s oglicalha. on o ncnosn
oMol | kn,s ey

of seck oty o«&x, aa*}kocH(al v@b&

No marks awarded for this section because, although the candidate talks about /arge particles (given in the
question), there is no explanation as to why this is important in averaging out forces on the smoke particles
to zero.

Candidate E

@\lmm \,J;U-\ us moIe g

No marks for this section. Again the candidate talks about large particles — see the grade B candidate. The
candidate then makes two incorrect statements showing a very poor understanding of the physics involved
in Brownian Motion.

Cambridge International A & AS Level Physics 9702 Standards Booklet
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Paper 2 AS Theory

Question 6

General comments

Candidate A
The candidate in answering this question shows a very clear understanding of the physics involved in the
two experiments required. There are two minor omissions which prevent the answer gaining full marks.

Candidate B
The candidate shows a good understanding of the basic physics of diffraction in answers to the first two
parts of the question but is unable to extend this to the diffraction of longitudinal waves.

Candidate E
The candidate has a basic understanding of diffraction and the diagram in (b) gives further confirmation of
this fact. However, the candidate has only a vague idea of the experimental set-up to be used.
Specific comments
(a) Explain what is meant by the diffraction of a wave.
Candidate A

The.dupfcactioufba wnk. et g flae beardiag dr e

W e vE patr S viuad dbstEoled ec fntg b apectucel

uﬂwseﬁ2€5a«taom)wﬁb\efo“«¢Mﬂ*fwjtk°+fml' ...... 2]
2 ave .

Full marks for this section as the candidate states that diffraction occurs when a wave incident on an
obstacle bends.

Candidate B

Dfackion. is.the. band %o(wmrmmdm

..... maa%@m% OVS)L“QSW“WQ

................................................................................................................................ [2]

Full marks for this section: the answer contains all the points as indicated in the grade A candidate’s answer.

Candidate E

Full marks for this section — see grade A and B candidates.
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Paper 2 AS Theory

(b) (i) Outline briefly an experiment that may be used to demonstrate diffraction of a
transverse wave.

Candidate A
s\:m\g'
o\
-\3}3\ \L - Scleen
%\r-
&
4\ At

MM\M‘ANM
sownite oY

\»“5"‘(

Three marks for this section. The candidate was awarded the first mark having been given the benefit of doubt
that the diagram indicates a coherent source. The examiner would have preferred a slit after the source. The
next two marks are awarded: one for the detector, screen, and one for what is observed, dark and bright fringes.

Candidate B

di J?(Conm.d’(ld‘j‘b N
A matof (m ;;US
'3 C Q ‘)

n'e{demK
oodun blacks

plam paew wshave
wondionds ove obganvtd

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

ﬁ?&;ﬁhhsm“%%mm' ________

............................................................................................................................ [3]

This candidate uses a ripple tank as the demonstration of diffraction, a valid experimental method. This was
the most common answer from candidates to this part of the question. One mark for the source, dipper
moving up and down, one mark for the detector, light source and plane paper. The candidate, however, loses
a mark because there is nothing to indicate what is observed. The curves drawn on the diagram are not
sufficient without some explanation.

Cambridge International A & AS Level Physics 9702 Standards Booklet
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Paper 2 AS Theory

Candidate E
di)ﬂ»r&chnl\ T 033
o €3
—
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This candidate has a diagram of the correct experiment required, but the labels and the description miss
all the important detail. What is the nature of the source, how is the information detected and what is
observed? A few correct labels on the diagram would gain at least the last two marks as obtained by the
grade B candidate with a very similar diagram.

Cambridge International A & AS Level Physics 9702 Standards Booklet.
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Paper 2 AS Theory

(i) Suggest how your experiment in (i) may be changed to demonstrate the diffraction
of a longitudinal wave,

Candidate A
' 'Z\L

NN

vel Z-S\;C

> Yo \3—916\,'“-3

!o Sc(L\&Tor
otc. N0

e snd wave ns. Al pvaded Cnsogh Ele suaste
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One mark out of three for this section, loudspeaker plus slit. However, the diagram does not label the
detector as a microphone, which is not clear enough from the diagram. The statement the CRO records
pulses of waves with varying intensities is not enough to explain what is observed. A suitable answer would
require the candidate to state something on the lines of the CRO displays a wave with an amplitude which
varies as the microphone is moved.

Candidate B

No marks for this section. There is no diagram and a dipper moving horizontally would not generate
longitudinal waves, unlike the answer from the grade A candidate who was able to extend the physics to a
correct longitudinal experiment.

Candidate E

No marks for this section as there is no attempt to provide an experimental set-up. The candidate does know the
motion of the particles in longitudinal waves but there are no marks in the scheme for this information.

Cambridge International A & AS Level Physics 9702 Standards Booklet
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Paper 2 AS Theory

Question 7

A potential divider circuit consists of two resistors of resistances P and Q, as shown in
Fig. 7.1.

Fig. 7.1

The battery has e.m.f. £ and negligibie internal resistance.

General comments

Candidate A

The candidate makes only two minor slips in answering this question and clearly understands the application
of Ohm'’s law to the two circuits used.

Candidate B

This candidate has a clear understanding of the application of Ohm's law to the question but makes a simple
error in the thermistor part of the question, which was a pity as the candidate clearly understands the
physics involved.

Candidate E

There is little to indicate that the candidate knows how to apply Ohm’s law to this question, but the attempt
by this candidate has some merit: the majority of poor candidates did not attempt the question at all and
scored zero marks.

Cambridge International A & AS Level Physics 9702 Standards Booklet.
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Paper 2 AS Theory

Specific comments

(a) Deduce that the potential difference V across the resistor of resistance P is given by the
expression

Candidate A
SUALR (dragchvomt 15 LA Se/veS ) o Jame cuvent- o bitto

\/;LP
[ = VE
— /_‘_._--"-

PR

[2]

VEBRS
| % P
PR = eflectivevessiaale iﬁ
(.SU(ZS) e
7

Px& \\{_ACQSVLM

Full marks for this section, one for Ohm'’s Law, the line that V = I,Pand one mark for the current in the
circuit, I,=E/(P + Q). Benefit of doubt given to the loss of the subscript used for the current in the diagram
but it is clear from the text how the candidate arrives at the answer given in the script. The marks are

awarded for the method the candidate uses to arrive at the answer.

Cambridge International A & AS Level Physics 9702 Standards Booklet

16



Paper 2 AS Theory

Candidate B

[2]

e and\ Q\:P

- U

(94D 0
' _ {) _E____ = - E, .

AR NG P+

Full marks for this section with this candidate giving a much clearer solution than the grade A candidate.

Candidate E

\[;(_8__9,___... ¢ €-Tc=V
ReRe

V- (Pi?Ro ) (v -IRQ i

Ve RV TRk
ReRq

I R

Al 2

Ke
e Cv—IQP)CﬁQ)

The candidate starts with the answer and writes it down incorrectly on the first line. No marks are awarded
because it is difficult to see what the candidate is trying to prove.

Cambridge International A & AS Level Physics 9702 Standards Booklet.
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Paper 2 AS Theory

(b) The resistances P and Q are 2000 Q and 5000 Q respectively.
A voltimeter is connected in parallel with the 2000 Q resistor and a thermistor is connected
in parallel with the 5000 resistor, as shown in Fig. 7.2.

6.0V

S N

20009 5000Q

S S M S

(==

Fig. 7.2

The battery has e.m.f, 6.0V. The voltmeter has infinite resistance.

() State and explain qualitatively the change in the reading of the voltmeter as the
temperature of the thermistor is raised.

Candidate A

AteeastbpBE) (145 ). S sohaledl .

Three marks for this section with the first awarded when the candidate states that the resistance of the
thermistor decreases as the temperature increases. The next mark is for stating that the total resistance

of the parallel combination of the thermistor and 5000 Q2 resistor decreases, hence increasing the voltage
across the 2000 Q2 resistor. The candidate answers these last two points using a valid alternative method by
considering the total circuit resistance and the total current in the circuit.

Cambridge International A & AS Level Physics 9702 Standards Booklet
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Paper 2 AS Theory

Candidate B

{skn
Whm odwe i O«QOHLQ(QS ....... c% He .
e Wm«mﬁ
' o

\(xﬁv?@w NS, Fom V=R Ko volmude o

4\%) ALNLORS .

The candidate gains the first mark for the change in resistance of the thermistor. The next two marks are lost

as the candidate thinks that this leads to a decrease in the current in the circuit. A unfortunate slip, due to
pressure in the examination?

Candidate E

\3&/\@. m&eas {omprdue r@n‘h i a deceve W

....................................................................................................................... [3]

The candidate gains one mark for realising the resistance in the circuit decreases as the temperature
increases, but states at one point that the current in the circuit increases because the potential difference
across the circuit increases — and so clearly does not understand the concept of e.m.f.

Cambridge International A & AS Level Physics 9702 Standards Booklet.
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Paper 2 AS Theory

(i) The voltmeter reads 3.6V when the temperature of the thermistor is 19°C.
Calculate the resistance of the thermistor at 19°C.,

Candidate A
L Twort Rurcuoffs viltuge (4w,
' - (-306
Viwesmeste 7 Vopo -C-36

-1

e e vesishaace

4 E{’{-ﬁoh’“‘e’ VESsAACe :P- t_‘_,_ ) 2400

v SATD
:’fﬁq_q/;_/ 4 2d00 z
(000'* resistance = J'?D)(/p Q [4]
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20600
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(aw = 1§ x/07Y = hoy x [0 _

~ 32X (073 A v=lK
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132 %

1...,;}(

There are two valid methods of approaching this calculation. The first method is to calculate the total current
in the circuit using the voltmeter reading and then calculate how the current is split between the two parallel
components. The candidate uses this method and correctly calculates the current in the circuit, 1.8 mA and
the current in the 5000 Q resistor, 0.48 mA. The candidate then makes an unfortunate substitution error in the
final calculation carrying forward 2.24 as the subtraction of 6 — 3.4 for the voltage across the 5000 Q resistor
and so loses the final answer mark. The other method is to calculate the total resistance of the parallel
combination, 1.33kQ, and then use the equation for the resistance of a parallel combination to calculate the
resistance across the thermistor.

Cambridge International A & AS Level Physics 9702 Standards Booklet
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Paper 2 AS Theory

Candidate B

| ot Asistane of foarmiser be €
Vv = 4000 ¥ -0

{

lpoo+(§§0*-zl“'
v b-O A2

A0 + 5&??500 resistance = {_'%'%w? [4]
0k =200
g 5000¥€.
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R 45000
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N At

Full marks gained in this section with a very clear solution and an answer correctly given to two decimal
places.

Candidate E

6 6,) =3¢

Z¥O0

No marks gained. Again the candidate does not understand circuit theory as demonstrated by the addition of
the 5000 Q2 and 2000 Q) resistances in the second line of the calculation.

Cambridge International A & AS Level Physics 9702 Standards Booklet.
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Paper 31 Advanced Practical Skills

Question 1

In this experiment you will observe the motion of two simple pendulums, and measure the
interval between successive times at which the pendulums are moving together.

You will investigate how this time interval is affected when the length of one of the pendulums
is changed.

(a) Set up two simple pendulums side by side as shown in Fig. 1.1, with each string clamped
between two wooden blocks. '

Set the length of pendulum A to about 0.65m.

Pendulum A should be left at its set length throughout the experiment.

0.65m

Fig. 1.1
(b) Adjust pendulum B so that its length lis about 0.5m,
Measure and record the value of [.
(c)} Set both pendulums into motion with small oscillations.

Start the stopwatch when the two pendulums are lined up as shown in Fig. 1.2 and are
moving in the same direction.

side view

iy,

w\_//

Fig. 1.2

Determine the time t that elapses before the next occasion when the two pendulums are
lined up and moving in the same direction.

Cambridge International A & AS Level Physics 9702 Standards Booklet
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Paper 31 Advanced Practical Skills

General comments

Candidate A achieves a very high mark as a result of setting out the table mindful of units, consistency

of raw readings, range of readings taken and also aware of the number of significant figures needed in
calculated quantities. The graph is also set out to a high standard with points plotted correctly and read off
accurately in order to calculate the gradient and consequently to work out p and g successfully. The highest
standard is achieved despite the poor quality of some of the results perhaps owing to exam pressure.

Candidate B achieves a high mark owing to their ability to set out the table clearly, taking account of
consistency and repeats over a suitable range of raw readings. They can achieve a higher grade by paying close
attention to all column headings having appropriate units and significant figures in calculated quantities being
consistent with the raw readings. The graph plots and line of best fit are drawn to a high standard, but to achieve
a higher standard the candidate can check the labelling of axes and use a larger triangle to work out the gradient.

Candidate E is able to take raw readings, repeating them over a suitable range, and is able to set out a
graph to determine the y-intercept successfully. To achieve a higher standard, the candidate can ensure
that all column headings have an appropriate unit, raw readings are taken to the same consistency, draw a
thinner line of best fit on the graph and use a larger triangle in determining the gradient.

Cambridge International A & AS Level Physics 9702 Standards Booklet.

23



Paper 31 Advanced Practical Skills

Specific comments
(d) Change [ and repeat (¢} until you have six sets of values for land t.

1
I should be from about 0.3m to about 0.6 m. Include values of % and $ in your table of

results.
Candidate A
Yo | Ss te Js bfs /s’ [
0300 1.6 3.4 3.8 0121 t-%3
0.350 4 -8 4-4 49 020 {169
©-400 $ < .3 §-6 0-(/% | 15§
0450 ¥ -4 e 3% 0-13 1149
0:5 00 10-6 (0% we 10°F 15,0435 | 1.4/
0.560 14.2 /9.6 /%9 00529 | |.24

£t bime whtnthe Z perdulumd arst Lined yp aad MoviAg LA

Saumedvmcti™M o - ivXa
7 .

This candidate presents their results in an exemplary way. There are six sets of raw lengths (over a suitable
range) and repeated time readings. Column headings are written correctly throughout including the difficult
column heading of 741/ m™>.

The number of decimal places in the time readings is consistent for each raw value of time. Each quantity of
1/tand 1ALis calculated correctly. VWWhat makes this table of a high standard is that the candidate recognises
the need to keep the number of significant figures in each of the calculated 1/t quantity the same as that in
the raw values of time t, and ¢, from which 7/t has been derived. Notice t, = 79, t, = 77, 1/t = 0.13, whilst
t,=10.6 t,=10.7, 1/t = 0.0935. Since t, and t, are read to three significant figures then 7/t is calculated and
written to the same number of significant figures (0.09346 would also have been acceptable as one more
significant figure in the calculated quantity compared with the raw data is acceptable). This candidate has
achieved the highest grade because there is a consistency across each row despite the fact that the number
of significant figures in the calculated of 7/t varies down the column. There is a common misconception

that the number of significant figures in the calculated quantity has to be consistent throughout the column
when in actual fact the number of significant figures in the calculated quantity has to relate back to the raw
data.
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Candidate B

Aoy of Valnt of hme () against wngth of sting (2)

L) Raodings of Freimtowal T4 (o] Ve TAT
Lol 4, (9) [ 42 (5) (*5(5)
0,35 ' 15.12.]0.20]1719
o0 “iog 0,14 | 1,58
o5 %,5% 02 | 149
0.5 11319, 007 {1, 4
0D, 118.82/0,05| 1,35
ke 20 |32,38] 0,03 1,29
Condroid | O,1O1 1,47

This candidate gains marks for setting out the table with a suitable range of raw readings of length and

repeated readings of time all written to the same number of decimal places. Where this candidate loses out
from gaining the highest grade is the failure to recognise the correct unit for the column heading of 7/t and
1/l as well as not writing the calculated quantity 7/t to the same number of significant figures as the raw
readings of ¢, and t,. In particular look at the sixth row where t, = 32.38, t, = 32.47, t, = 32.30and 1/t = 0.03

is written to one significant figure when four or five would be acceptable (i.e. 7/t = 0.03088 or 0.030880).

Candidate E

L/t LA T RAKYVISL 4 I/
0.3 z 322 | 353 33] 033 237 1%

o | 6% mr |55 663 o 2 6
O-usS B H 3| 3+ 1 oMl 2T 5
0-S W56 WSB ||\ S7 0. O% Z L
0-5% \A4-5.9 (A 6 e [
06 36:56 306 | 36:6 o 02? o k& 1D

This candidate gains a mark for taking and recording six sets of results for length over a suitable range and
repeated values of time. The candidate’s response fails to gain credit for the consistency mark in the time
readings (see last value in t, column (36.6) whereas all the other values are to 2 decimal places). Also the
candidate fails to recognize the correct unit of 7/A1. The number of significant figures in the calculated
quantity does not follow on from the number of significant figures in the raw values of ¢, and t, (see

t, = 19.53, t, = 19.58, 1/t = 0.05 when 1/t should be written as 0.5774 or 0.51138). The value of 1A= 12
calculated from [ = 0.60 m is recorded incorrectly owing to a rounding error (1Al = .29 or 1.3). This is a

common error.
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1
(e} Plot a graph of % on the y-axis against :E on the x-axis and draw the line of best fit.

Candidate A
! 5

o360 O
1
. 4 IR , B ':_\ f", N
0.22§ : i
T L '1';"“4 I e
. - R =
\ j
o3 - i
o ; SEEEFS )
i T P N
078 B -
CCECETE T FANREN I I 144
T I N ; i
O_IQ - E“:__“”i..__f.-.'-.:” L+ + -t ; 4 : 4
RN . *__' AT |
7
= : ¥ 144
0.22 = : ! i
] »
B H : ¥ I
i - I =
sr. ;
o T
H i
- ,f-—t -4 44 HE- 1 -
N A
615 Saan 1 yilRzEass T
* 7| L
f imEE :
: T
6180 ! : ‘ !
| T ! T
| a r I T
b‘ l_ls [ 3 | 4 | I .I E : | - [ | I
T _L 3 F i PR PR 4= H B A N N
F. :
= - T ’
I HSH L i
o - fop FE—HRY - - e :
+ T -
LT L + t— H H -
S N e 11T a ] crr EsEes
0-035 P = n ; — —H—
Ly : I I .'._.T'"_:-.M““" :
o - - — —— LA N ENENENNN RN R
0.& £,_@_},_ T .___..’. ittt e e N L L e EE e R i 5
/ \-4 1.5 [ 1-¥ . . -
% K

This candidate sets out the graph with correctly labelled and numbered axes even though the origin is false. The
plots were plotted to within the nearest half a small square and the line of best fit drawn appropriately. One of
the plots (7.69, 0.200) was far away from the line of best fit and so this candidate fails to gain the quality mark.
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Candidate B
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The candidate sets out a graph with axes labelled appropriately, plots plotted to within half a small square
and the line of best fit drawn appropriately. However the candidate fails to achieve the highest grade owing
to missing out 7.70 along the y-axis leading to a scale error.
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Candidate E

Z e
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The axes drawn are labelled and numbered appropriately. One plot (7.8, 0.303) was incorrectly plotted which
is a common error as the 0.003 part of 0.303 was ignored and on the graph grid this amounts to one small
square further up the scale. The line also failed to gain credit as it is drawn too thick. Use of a sharpened
pencil will ensure the candidate gains credit.
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(f) Determine the gradient and y~intercept of this line.

Candidate A

WSUAY (1.33,0.0350) aad [1-85, 0.3000) o e
Geaditat = 03000~ 00750 _ o 4eg7G 0443 +)
(¢S ~1-3%
wsvAq {0,y) and (137,00 50)
Qv’kﬂt‘e:’\\f = 0.0750"

1-33 -0
r . F(}*' . ;
Joo 0003507 o 046875
1 -373

M= -0.56 19 gradient = 0467 .................................
A - 0567 (33
y-intercept = "'Ogg?' ...............................

The read-offs and the calculation for determining the gradient are carried out correctly. The y-intercept can
not be read from the graph directly so the candidate recognises the need to substitute correctly into
y = mx + ¢. Common errors are that candidates will either read off the y-axis incorrectly when there is a

false origin or rearrange y = mx + c incorrectly (y/mx = ¢ instead of y— mx = ¢), or failing to read off plots
correctly to within half a small square.

Candidate B
2
Cwvaoliond = \\/5‘ N
a’-x .
wsivg, (3,42 7 D8R) Y

= 00% ~ 0,194 w@ }(1,10} Oiloﬂ‘F)

42 10

- O 4

—> gradient = .......... O'LH ................................
=X +C OB

WD% M\d’/o{d \(O\bu\n_,‘; y-intercept = .
010 = O 4 (\,41){(0
O 10~ (OJ‘-H)\]L{—']“ = C
c = ~ 0,60
—b

The candidate reads off values for the gradient calculation correctly. However, the read-offs are from a

triangle whose hypotenuse is less than half the length of the line drawn. This is a common error and fails to
gain credit.
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Candidate E

D = r\j'ka-C_
o\ S 03 C\ ' é) TC gradient = ... Og ............................
- -0-3 PANEEICEPE = covrereeroees e o e e e

The candidate worked out the y-intercept correctly. However, the triangle used for working out the gradient
was too small, failing to gain credit. A triangle drawn with a hypotenuse either equal to half of the line or
greater will ensure that the candidate gains credit.
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(g) The equation relating tand lis

— | —
]

&

R

where p and g are constants.

Use your answer from (f) to determine a value for p.

(h) Use your answers from (f) and (g) to determine a value for q.

Candidate A

grahveal of Wne
0. b6 € Lo 301)

-_
1

AN

- -

/9
p *?}ﬂ/:—olﬂ}

M- iatescept

W::D,glqltrisf)

Vo MXF (L
N, «p-b +C
e =¥
m = [
¢ =77 /4,
9’457 ................... ms-1
0?2} ............................. m2

This candidate recognises that p = gradient and —p/g = intercept and rearranges to give an appropriate value
for pand g. A common error in this particular part of the question is that candidates forget the negative sign.
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Candidate B

....mg™1
L2 0
+ X0 Cl/
= L
37 %
M = (9
o = -
C = -

The candidate gains marks for recognizing p = m and —p/q = intercept and rearranges to get suitable values
for pand q.
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Candidate E

P e O : 3 ................ m*g1

The candidate recognises that p = gradient and —p/q = intercept and gains some credit. However, p was

out of range to gain full credit. The values are out of range not owing to the size of the triangle used to
determine the gradient (the read-offs were given correctly), but instead to the poor quality of results judged
by looking at the scatter of the points about the line of best fit. This wide scatter is attributable to the number
of significant figures taken for 7/tand 7/A1in the table. The error in the table early on often leads to marks
lost at the graphical and analysis stage, and is a common error.
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Question 2

General comments

Candidate A achieves a very high standard by recording all results mindful of the need to repeat their results
and write them to an appropriate degree of accuracy. They are able to calculate the percentage uncertainty
successfully, estimate the length of wire in a single turn, the resistance, the resistance per meter and a
proportionality constant in order to verify the relationship between the resistance and the number of turns.
The high standard is achieved despite the fact that not all the limitations and solutions relate directly to the
experiment.

Candidate B achieved a high standard in taking down all the results and successfully calculating appropriate
values of percentage uncertainty, length of wire in a single turn, resistance, resistance per meter and

a proportionality constant. To gain a higher standard the candidate can repeat their raw readings of the
diameter and make their limitations and solutions more specific to improving the experiment in question as
opposed to changing the experiment.

Candidate E was competent in taking down the electrical results and working out the resistance and the
resistance per meter. To achieve a higher grade, this candidate can measure the raw reading of the diameter
of the tube to the appropriate number of decimal places, repeat their raw readings of the diameter, set

up the circuit the right way round, work out a proportionality constant to verify a relationship between the
resistance and the number of turns, and describe clearly the limitations and improvements specific to this
experiment.
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Specific comments
Candidate A

In this experiment you will investigate the resistance of a wire coil.

(a) You have been provided with a coil as shown in Fig. 2.1.

feads with 4 mm
plugs as contacts |
\ i

tape

wire
insulating
tube
Fig. 2.1
(i) Measure and record the diameter d of the insulating tube.
Pramete’ sf pre Latulapvrg tule /m
;] J) Kjt/aqt
v.0412 .04 L 7.041
= 004'2' ..................... m
(iiy Estimate the percentage uncertainty in your value for d.
erceataqe wacestunty 4y
f gw 5 x 100
= 0990 1o = 2.38%
o.942
percentage uncertainty = ...... 7—33/’ .................................
(iii) Use your value from (i} to estimate the length x of wire in a single turn.
x =2 -)FL rd

= i]l (-)-;J

=)L x 0.042 X= s 01’32’ ......................... m

- 0132 M

This high grade candidate understands the need to repeat their raw readings of the diameter and measures
to the nearest mm. They are able to estimate the length of a single turn using 2=rin their calculation.
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{b) Set up the circuit as shown in Fig. 2.2, and hold the contacts against two positions on
the caoil.

()
\&J

©

leads with 4 mm plugs
as contacts

Fig. 2.2

(c) (i) Measure and record the number n of turns between the contacts, voltage V and
current 7 .

[ ¢ 5T .‘ .........................................
V= 100N e
e 02

(iii) The resistance per metre u of the wire is given by

R
T
Use your results to determine a value for .
mo= K
XN
- 300
(0132 X1)M p= A8
- z?,SJLV\"'
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(d) Repeat (¢) for a different value of n.

| ViV T/x
V,« Ve \e’mjb L fz —raﬂ"/ﬁjb
3 -3 3 /-3 0+ /2 0-/2 |o./Z
g=Y = 013V
! o [lﬁ'
- WL 3
M, ,;’i = PPN
X Vi D23 e
. WL 012 A
(_};-:Ti‘z;gjm = e
. 21‘%‘(),“', R_ ........... l }JL ...................................
' b YA
(e) Explain whether your results support the idea that A is proportional to n.H(
_ =3 Arae Achreate
oL A w= i (e 5 _
K_ g3 g = 1S bckaMKl“’\Aki
R—"an . . it ¢’§.%'3~}xld-0
K=&  K=3E K.-3 3%
v - 3.%-”— =379 ’-'2:@3%.

From g reaM 0} X og e pen sl ok shasf Taat Kox

papicimal oy, st o becanie fue con At K. foc.
Lo lks et almak g same dad fueia..

peseeaat dufhaatd . s oM, S0 RoaS. Camivdesgd te.
b 22l POABE RN

This candidate measures and records n, Vand I to good effect and uses these results to calculate R and
m successfully. This candidate is able to go on to achieve a high standard by explaining whether there is a
relationship between R and n by working out a proportionality constant first.
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Candidate B

In this experiment you will investigate the resistance of a wire coil.

(a) You have been provided with a coil as shown in Fig. 2.1.

leads with 4mm
plugs as contacts |
A
I

insulating
tube

Fig. 2.1

(i) Measure and record the diameter d of the insulating tube.

5 bom = 0-056m

{(ii) Estimate the percentage uncertainty in your value for d.

least counit = 0 00Im O - 00! x /oo

percentage uncertainty = .............. [ ..... . 879 .....................

(iii} Use your value from (i} to estimate the length x of wire in a single turn.

d =0-05(
cACaumformne = D O 170
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(b) Set up the circuit as shown in Fig. 2.2, and hold the contacts against two positions on
the coil.

h (

(c) (i) Measure and record the number n of turns between the contacts, voltage V and
current /.

leads with 4 mm plugs
as contacts

Fig. 2.2

(i) Determine the resistance A between the contacts.

v=IR 046 = (25 x107)R
o—5~fo— ae OfU L

(i) The resistance per metre y of the wire is given by
R
H=sn

Use your results to determine a value for p.

M= o84
01Tk x4 , 5,
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(d) Repeat (¢) for a different value of n.
V= K
066 = (32 xo?)R
=206 25

M = 206 L
O'l7(0¥2 T ‘C‘Z- ................................

(e) Explain whether your results support the idea that R is proportional to .

XN (M
Qﬁéﬁxﬂ Q:’:L}ﬁXV\

‘ kK
K
> 544,x 0176 k = 586X 0170
Corstant K 56#(5 - 193

Dotz dws. doextors. and \omiations. in H8......
WPk, oy A At o vivy navon

v shich a6, (8.8 (z[amwrma 10340
O

9 Sho a g po(%f'mat esite

This candidate achieves a high grade for taking results, calculating percentage uncertainty, circumference, R,
m and confirming a relationship between R and n using a proportionality constant. However, this candidate
fails to repeat their raw results of diameter in (a)(i).
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Candidate E
This candidate has gained credit for taking measurements of n, Vand I and for working out Rand m
correctly. However this candidate falls short of higher marks owing to the following points:

In this experiment you will investigate the resistance of a wire coil.

{a) You have been provided with a coil as shown in Fig. 2.1.

ieads with 4mm

plugs as contacts I'
v ]

insulating
tube

Fig. 2.1

(i} Measure and record the diameter d of the insulating tube.

(ii} Estimate the percentage uncertainty in your value for d.

e [oe 4&

O‘ool xlm'

L—

OOl N ch/
percentage uncertainty = ........ £ &80 &L °.

00

The candidate fails to measure the diameter to a precision greater than a centimetre in (i) d = 0.04 m. The
candidate is provided with a ruler with a millimetre scale so should be able to write their readings to the
nearest millimetre e.g. d= 4.0cm or d = 0.040 m. The candidate fails to repeat their raw readings of d. d

is expected to be repeated in different directions as the tube is not assumed to be a perfect cylinder. This
candidate then goes on to calculate x incorrectly in (iii), x = 0.04 which is the same as d and no calculation of
x = nd is present.
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{b)} Set up the circuit as shown in Fig. 2.2, and hold the contacts against two positions on
the coil.

leads with 4 mm plugs
as contacts

Fig. 2.2

{c) (i) Measure and record the number n of turns between the contacts, voltage V and
current 7.

(ii} Determine the resistance R between the contacts.
A —\ kb -
R l— ~0O- Oo\ R = ‘6' 2

{(iii) The resistance per melre u of the wire is given by

AR
H=xn

Use your results to determine a value for .

= 16.2

&3 xli- \O1- 25
O‘OLE- ....................................
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(d) Repeat (c) for a different value of n.
R=118 .21
007
n = 2\ c 336
G- XS

0Ol

(e) Explain whether your results support the idea that R is proportional to n.

The candidate sets up their circuit with the battery in the opposite direction as I and V values are negative,
so the candidate fails to gain full credit for the measurements taken. In (e) the candidate explains that as n
increases, Rincreases, hence mincreases so R is proportional to n. The candidate has not realised that if R is
proportional to n then m would in fact be constant (i.e. mx = k, the proportionality constant if R is proportional
to n) so fails to gain credit.
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Candidate A

(f) (i) State four sources of error or limitations of the procedure in this experiment.

1 dn2g. ol 80 ore b ke by acalt enaag b

3, o{’hr;vMym ufldsay Bee confBels ggavatiag cal
canting ot ammetes aad vk mtbes ct e Aing flathaate..

4. DufreaYen. mentading. fag diamele ..l
ALasmlafvan. Rabe by wias. meded onle. onld.....

(ii) Suggest four improvements that could be made to the experiment. You may suggest
the use of other apparatus or different procedures.

1. Jece... 000 e Aeans on il insnloed S WAL ) andd

LRewsimace R and pld¥ 4 gz
2. Wie a favc iz ko wiad o fae casu laflag Babe

S Maak ks \eani oo s wd be mare confiskeals
3. Realace Mg osnlaiiag fabe, aad wn 26 o fly & movable

4. MSe. VoIl o sMigen R seatut nt Miamthe Tl
’(‘/\:,w.sw\‘vﬁ«j’mkcéowlh»“f’-m{&hjmwffc ..................

G Clu /e,
This candidate achieves a high standard by stating in detail three sources of error for this particular
experiment: two readings are not enough to draw a valid conclusion; length of wire per turn on insulating
tube may vary and difficulty in holding contacts against the coil causing the ammeter and voltmeter to
fluctuate.

In describing solutions the candidate is credited by suggesting to ‘take more readings on the number of
turns n and resistance R and plot a graph’ and ‘use a vernier calliper to measure the diameter'.
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Candidate B

() (i) State four sources of error or limitations of the procedure in this experiment.

4’ﬂf\L G\\&YY\L.... QQMLQl r\d be.. )
ey cu«wmh%hms}ab\m@u

(i) Suggest four improvements that could be made to the experiment. You may suggest
the use of other apparatus or different procedures.

Credit was awarded for ‘number of readings to determine the proportionality were not enough’ and ‘the
values for I and V kept fluctuating’. The candidate, however, loses credit for not explaining the errors or
limitations and solutions in enough detail. For instance, credit was not awarded for ‘the diameter could not
be measured accurately due to unstable paper’. If the candidate refers instead to the diameter being non-
circular or the need to take repeats in different directions then credit can be awarded. Credit was also not
awarded for ‘the coil had a limited number of turns therefore only a limited number of readings could be
taken’ which relates back to their first credited source of error and so cannot be credited again.

In suggesting improvements, the candidate is awarded credit for ‘a wider range of readings can be taken for
Vand I and hence a graph of R verses n can be drawn! The candidate’s suggestion of a ‘bigger coil’ and use
‘different thicknesses’ changes the nature of the experiment and both solutions do not describe how these
are improvements to the current experiment so fail to gain credit.

Often candidates lose out by suggesting changing the nature of the experiment. Instead they should be
specific to the experiment and state how to improve it.
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Candidate E

(1) (i) State four sources of error or limitations of the procedure in this experiment.

b doen € gt exask

\ﬁﬂU’\ ..... QPWU‘CV\WC‘D‘L ...............................................
aé% ............. Delaw . ceaditn vabe of volftubs

fe i
4%@»\0; ______ W o didered et wid o

(ii) Suggest four improvements that could be made to the experiment. You may suggest
the use of other apparatus or different procedures.

This candidate fails to gain credit for most of this section as their sources of error and solutions lack clarity and
detail specific to this particular experiment. For example, the candidate states ‘the estimated value of x doesn't
give exact length of wire in the coil’. This statement is true but does not describe the source of error. The
candidate needs to say that the coils are not circular i.e. they are helical or x is different to nd to gain the mark.

Another example is that the candidate states ‘delay in reading value of voltmeter would change (the) value of
(the) experiment’. In order to gain credit, the candidate needs to say that the readings are fluctuating either
because the experiment is difficult to hold or that there is contact resistance. The other sources of error do
not relate specifically to this particular experiment.

Looking at the stated solutions, the candidate does gain credit for stating to use a ‘vernier calliper’ to give
a more accurate value of d. However, the candidate fails to gain credit for stating that ‘the coil should have
more wires so that a larger range of values could be taken'. The candidate can gain more credit for stating
that two readings of n are not enough and then for stating that more readings of n are required, and plot a
graph of nagainst R (therefore more turns are needed).
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Question 2

General comments

Candidate A
The correct answers to all the sections are clearly provided.

Candidate B
A very good set of answers with a clear understanding of the physics involved. The candidate made just two
minor errors, the second of which was a common error on many scripts.

Candidate E
This paper is typical of a grade E answer, where the candidate has some understanding of the basic physics
involved in answering the question but is unable to give much of the extra detail required.

Specific comments

(a) Define specific latent heat of fusion.

Candidate A

Specctie Lateat neak of fnscen 5. ot bega b
cacgy. g minel bomelt nack masf of colid ol CH.
Mc(f’t.&jpﬂnf[z]

Full marks awarded with melt unit mass of solid accepted, although the examiner would have liked to
see convert unit mass of solid to liquid. At its melting point accepted as equivalent to without a change in
temperature.

Candidate B

Sewﬁc,laj(w)f\r\wtﬁffv&im)50[3!(/\10\(&‘}(3_
&w\»\«ﬁéﬁw\@ ..... et Ao, comind st s

Full marks for a complete definition.

Candidate E

uﬁ@ﬂl&‘wﬂ‘l GNS

A common error with grade E candidates who do not realise definitions must be general and not specific to
one set of units. One mark lost for the use of 1kg.
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(b) Some crushed ice at 0°C is placed in a funnel together with an electric heater, as shown

in Fig. 2.1.
joule- | ¢
supply
meter P
crushed ice %
heater
funnel
beaker

Fig. 2.1

The mass of water collected in the beaker in a measured interval of time is determined
with the heater switched off. The mass is then found with the heater switched on. The
energy supplied to the heater is also measured.

For both measurements of the mass, water is not collected until melting occurs at a
constant rate.

The data shown in Fig. 2.2 are obtained.

mass of water energy supplied | time interval
/g to heater / J / min
heater switched off 16.6 0 10.0
heater switched on . 647 18000 5.0
Fig. 2.2

(i) State why the mass of water is determined with the heater switched off.

Candidate A

xolenlate et abiocbed froon line dunccdinetivny Lo

Mook atenade fpeatic dateathoa et fodivn.. 1)
can be calculated .

Full marks as the candidate correctly identifies the reason for collecting water when the heater is switched off.
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Candidate B

To knons I muthia hos.occowd

No marks for this answer. For the mark to be awarded, some reference to the need to measure the amount
of heat gained from the surroundings is required.

Candidate E

oG iy Caumses . .1 [1]

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

No marks for this section. This is again a typical answer from grade E candidates who know the question has
something to do with heat from the surroundings but are not specific as to how the information is to be used.

(ii) Suggest how it can be determined that the ice is melting at a constant rate.

Candidate A
wnea.meled e (water ) dwps. o e beakes il cau e

en e bc{ke/
Fovad oy continnslly wecgheng Pt saif SF utbefan il 11 1)

vote of VALt ade OF pGrs be cores conslanat

Full marks as the candidate correctly identifies that it is the rate of increase of mass which must be constant.

Candidate B

Tho.moss.ef No&wm@lhdud ot ddfon
nﬁﬁﬁ WVQ\ N dﬂMfmf\ﬂi ﬂow\ WC‘/\ /orfm‘%

](j con e Calculodhd

The candidate gains the mark having been given the benefit of doubt with the answer written having talked
about the mass of water collected in a constant time interval from which the rate can be calculated. The
candidate could have added that the rate must be constant although it is implied in the question.

Candidate E

The statement mass collected in a specific lapse of time gains one mark. However, it is not clear from this
simple statement that the measurement is repeated and resultant masses collected should be constant.
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(iii) Calculate a value for the specific latent heat of fusion of ice.

Candidate A
teal exemy Sapplicd pom fne heate, @z = (7000,
w & miante) wassbbite ne e «abmet i fln e fe, -
suvhiked off = g.ij

® = ml
L * /M
z Wocw/(ur ,;,Q.QJXIU'?

. 1 latent heat = 3/7 ..................... kJ kg™ [3]
3191 x10%°3 kg

=319%Tkg™ (35f)

Full marks for a correct calculation of the specific latent heat of fusion of ice to a suitable number of
significant figures. The candidate clearly noted the difference in times for the measurement with the heater
off and on.

Candidate B

H = mby
1800 = (b4 T-16.6) Ly
Ly = %00
(7~ 16-6)xi5°
— ' -1
= 5;;#42&%* latent heat = ........... 3 74' ------------- kd kg™ 3]

The candidate loses one mark making the common mistake of missing the different time intervals for the
collection of water with the heater on and off, but then performs a correct calculation using the incorrect
value for the mass of water collected with the heater off. Candidates are advised always to look out for such
differences. This calculation requires a further two conversions since the mass of water collected is quoted
in g and the heat values supplied in J. The answer required has to be given in units of kJ kg™ . The candidate
realises this as the mass collected is written in kg in performing the calculation and there is a correct
conversion to kJ in the answer.
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Candidate E

Q-‘* M\'€
l,p =Q - |¥00 - 2382
M 6t

latent heat = 2?'8 2 kJ kg™ [3]

The candidate makes three mistakes. The first two marks are lost for not taking the heat absorbed from the
surroundings into account, and the final mark is lost for not realising that the values need to be converted

into kJ and kg; see the grade B candidate.
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Question b

Two deuterium (f H) nuclei are travelling directly towards one another. When their separation
is large compared with their diameters, they each have speed v as illustrated in Fig. 5.1.

_v . -
deuterium O O deuterium
nucleus nucleus

Fig. 5.1

The diameter of a deuterium nucleus is 1.1 x 1074m.

General comments

Candidate A
A very good answer to this question with only one minor detail missing in (a).

Candidate B
This is typical of a grade B candidate where the candidate finds the non-standard question in (a) difficult but
can perform the routine calculation in (b) with little difficulty.

Candidate E
Many candidates providing grade E answers were unable to start (a) but made some attempt at the more
standard section (b).
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Specific comments

(a) Use energy considerations to show that the initial speed v of the deuterium nuclei must
be approximately 2.5 x 10°ms~ in order that they may come into contact.
Explain your working.

Candidate A
p\}p = ?:@3- KE - .-'i_ MVZ
4 Eor
wbD =KE
R
(1:6 x/07') ) }1__ (2x2x 1. cFxl02?)v?
*‘_P__,_-—-——'_'-_‘._—‘__ .

zm{e.snfo*"')(f.z,xfo”’*)
1.092 x/07"% = 334 x jo"2? 2

v 2 [2o93xie % = 2.5 x(0fmy
“V 3 U x oY (3]

The question asks candidates to explain their working, and this candidate clearly states there is a link
between kinetic energy and potential energy/work done. However, this is not sufficient as it is important to

state that it is the change in these two quantities which is linked and so the candidate loses the first mark.
The rest of the calculation gains full marks.

Candidate B

Rodius O{ dedevium nucdans < 55 XIO'SM
Ek 5"'9'_va‘ MA'J of Auclius L"/S‘Tr \/3

[31
There is nothing written in this section that is worthy of any marks.
Candidate E
‘L:‘nv‘ :

Nothing mark-worthy in this section.
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(b) For a fusion reaction to occur, the deuterium nuclei must come into contact.
Assuming that deuterium behaves as an ideal gas, deduce a value for the temperature
of the deuterium such that the nuclei have an r.m.s. speed equal to the speed calculated

in (a).

Candidate A

p=L N1 (LY R A SN

o3 ;_z;a
T -
v ant 2.08¢x/074 = 4 14 %107
T=3nWkt S T =5.04 x/0FK
=

7 “)“"""“Y“"”sz-fX/f"') " %(2)(!-38:(/0“23)1_

&
temperature = .....>. Ay TR SR K (4]

Full marks for this section; the candidate states the correct equations to use and performs a perfect
calculation.

Candidate B

Ey =%, kT
) 2
/;xa‘lxl-(,”ixxo Tlasxoy = %, % 1-38 10221
D 1 -508x10%K

temperature = ........ 50)(!08 ......... K [4]

The candidate performs this routine calculation correctly, realising that the answer given in (a) needs to be
squared. A common error was that candidates forgot to square the value given (a).

Candidate E 2
%k-" _3_“,"{ = équ "i'.-. 3 X(jx\‘@ xiO’zﬁx(z‘gxlOG)
. V38 x0T
6 %
T ¢ 24x10
4 %10
temperature = 2)(0 .................... K [4]

The candidate knows the equation to use, although includes a V* rather than <c¢*>. The candidate then makes
a further two mistakes. The first is to write that deuterium has three particles in the nucleus; the second

is an arithmetic error in calculating the answer. The use of 1.6 x 10? rather than 1.67 x 10? is ignored. One
mark awarded.
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(c) Comment on your answer to (b).

Candidate A
W erder far Nae friiosrtacion fe olond, exhetme g
ter gt b 16 sAREAS f2.luc g st e of 1o 004 fnc ed Tl Bt 1]

nintled tope cafe cm e t.

The candidate realises that an extreme high temperature is required and gains the mark, although the
examiner would have preferred it to be linked to the previous answer. A common error in this part of the
question.

Candidate B

Ths. Avmgeaahas...achaiad o Yemlavas. duang o
&Slfm(tﬁeiljohﬁﬂ ................. /(\j ......... (1]

Full marks as the candidate realises that the temperature is very large. Again, it is not clear the candidate has
made the link with the previous section.

Candidate E

The candidate has some idea of the physics of the problem by talking about a lot of energy is required but
does not relate this to temperature or the answer calculated in (b).
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Question 7

General comments

Candidate A

Overall an excellent answer from this candidate with just the answer to (b)(ii) requiring some clarification.
Section (b)(ii) produced very poor answers from a majority of candidates.

Candidate B
Some very good responses to the descriptive sections, but this candidate made some simple errors in the
calculation in (e)(ii).

Candidate E
The candidate shows a very basic understanding of the photoelectric effect and the nature of photons, but is
unable to relate this to atomic spectra.

Specific comments

(a) State three pieces of evidence provided by the photoelectric effect for a particulate
nature of electromagnetic radiation.

Candidate A

1. Tl id. 6. i fotfncas y LN 6 d frtguatniy, ) 4 sl b,
(A & ALSLTI Agane

pusvelechat ¢ e 0o sS, Tney stenaS Pat fue caemy il dirbtionfcd

2. The.pwdteinibaX.csencotaleed by ssatadhing. fae kaleal by - Fat.wa g,

thesiag Yol wort elechans ace e Bl Ad.fue smoce phekons ascaacileal
_ Fhoppiag poteatis (nkea ,r{f‘,y
3. Ine. Mmoo CamSt R ininicd by caccanas he ety but by

saweaning Nae petqueary.. Dt shod Mal e saxranm kiae b eagigy.
a_,fphﬂ'a«du Cadepeaclent op fne L'A’knn'f\/ [3]

There are five pieces of evidence the candidate could include, and maximum marks are awarded for any
three. In this case the candidate correctly identifies three out of the five possibilities.
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Candidate B

. No.dndosl dide.aan. occav.wndw,. o flec

Mw&sﬁ%%&ddﬁac{wu AN
.. Phokodsdde, b s, instorfone s .

o Wb a4l ioadors. dookacs 1 octoeel,
meowkgm%amwﬂ%{bﬂ%%kaﬂﬁ Sam

[3]

Three correct pieces of evidence for full marks.

Candidate E

» The W “ocidet on ol sk e pore thin o adon

ﬁr@.‘f}%@ ..... lexwey.. foe:n radadin 5 ocour

s £ cacwlion Comns o fathqb of W\D tead o

The candidate nearly has the first piece of evidence correct but needed to clarify the term emission. Does
the candidate mean rate of emission or does the candidate mean the condition for the emission to take

place at all? The threshold frequency mark is gained. The final example is just a statement of the particulate
nature of light, not a piece of evidence for the photoelectric effect.
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(b) (i) Briefly describe the concept of a photon.

Candidate A
Ao Shon vda. Aviet . Gaaa b d s lechaosaggee C
L5 Aes o il e 205 E e EZW

The correct description of a photon as a quantum of electromagnetic radiation is given. Full marks awarded.

Candidate B

glxo}m isa. bkt of ML Gﬁuﬂ»’(ﬁm/\

.............. W\oﬁ{d@« Yo AR

The correct link between packets of energy and electromagnetic radiation is stated. Full marks awarded.

Candidate E

ehewhmps, """""""" e femvercy...of. the. phlin.
%L\,L\‘C\SM&EW ....... of..Mn ‘.’..‘ft’.‘}...,‘. .............................. 2]

Full marks awarded for the nature of photons.
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(ii) Explain how lines in the emission spectrum of gases at low pressure provide
evidence for discrete electron energy levels in atoms.

Candidate A

wpeckre
& Tntde. pae. Laondob SF o risul linel agastt . clesR....

bacRsvand. Jeas dtmanshates faakb ¢ le pf/MJ v f‘“’,-’j‘tf <. fbMJ

4. %.farb ézt&/_";)/ LA A h AL Ol L8, &xakd
Imce4 ’ﬂf\f\/ velaxbac k to f‘/ffth/bMA/thk ﬂae/v

emik lght v a Awertic Maanes,

In this section, the candidate does not link the bright lines observed to the energy levels in the atoms. Full
marks would have been gained had the candidate linked the statement about bright lines to the photons
having particular energies. The second mark requires the statement that the discrete energies are generated
by transitions of the electrons between discrete energy levels in the atom. They emit light in a discrete
manner is not a sufficient answer. No marks awarded.

Candidate B

The. Mo ove. c‘mﬁjﬁr\d heames cnnd. hast, drfevut.
Cobus l\wm loviin 4{& ot of discuck.

The candidate does not link the colours of the lines to discrete energies of the photons resulting from
discrete changes in the electron energies. See the comment on the answer for the grade A candidate.

Candidate E

The candidate talks about absorption when the question asks about emission. A common error with weaker
candidates. The link between the lines and discrete energy changes is not made in the answer. No marks
awarded.
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(c) Three electron energy levels in atomic hydrogen are represented in Fig. 7.1.

increasing
energy

Fig. 7.1

The wavelengths of the spectral lines produced by electron transitions between these
three energy levels are 486nm, 656 nm and 1880 nm.

(i} On Fig. 7.1, draw arrows to show the electron transitions between the energy levels
that woulid give rise to these wavelengths.

Label each arrow with the wavelength of the emitted photon. [3]
Candidate A
A
1§50 0
increasing
energy
Lt(‘ t)\l\ﬂ CS& A
A 4
Fig. 7.1

Three correct transitions labelled on the diagram with arrows to indicate an emission spectrum.
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Candidate B

\L 1RO N

increasing

energy _ UL hm ESL nm

/
A correct diagram is drawn; full marks awarded.
Candidate E
A
\ Ll'%h""\
increasing
energy
6560 | \§¥0OnM

The three energy changes are drawn with correct arrows, but the wavelengths are not attached to the
correct transitions. Two marks awarded.
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(i) Calculate the maximum change in energy of an electron when making transitions
between these levels.

Candidate A AT =W
AN
S MACTMuM Clhaage L&.Eﬁ.ﬂfﬁyo(cw{s Sea QXS

MUAC MM
:) A?) = ?‘SCV\M

NE=hxe =6.63x107 %% Ix108 = 4.09x10""7
A7) 4¢Cx (67
9
energy = ... .09 X067 .3l

A correct solution to the numerical part of the question. Full marks awarded.

Candidate B

" - £y
M&Mm»m/d@@“ kc_ _hc
LY
= (6 L3 %10 *x SX/O%)(ﬂ(,xm Stoxlo)

=3.03 x0T
energy = .......... 503)(10_'!0,J [3]

The candidate correctly gives the basic equation relating energy to wavelength, but is then confused about how
this relates to the wavelength values given in the question. There is confusion with the equation E,— E, = hc/A.

Candidate E
F-¢€-€, - F(E-€)

] 5 € s e yel T
RN €.-€ o larp

> Eopch
\ &0 x 6 63x 10’31" energy = ...... | Z%K‘O ................... J 3]

The first line of text requires the correct substitution of 1 and ¢ to gain the first mark. The candidate then
makes the fundamental error of thinking that the maximum energy change is associated with the largest
wavelength. No marks awarded.
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Question 10

General comments

Candidate A
An excellent answer to this question, demonstrating a clear understanding of the physics of operational
amplifier circuits with two minor omissions.

Candidate B
A very good answer to this question with similar answers to the grade A candidate except for two points

missed in (a)(i) part 2 and one major mistake in (a)(ii). Exam nerves?
Candidate E

A typical answer from a grade E candidate showing a limited knowledge of the physics involved in
operational amplifiers, but unable to provide any of the mathematical detail required.

Specific comments

(a) The circuit for an amplifier incorporating an ideal operational amplifier (op-amp) is shown

in Fig. 10.1.
Ry
— L
R, \@'
o——I_ 7} -
P o
+
VIN -oV VOUT
o v o
—_
Fig. 10.1
(I) State
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Candidate A

1. the name of this type of amplifier circuit,
B o 0 YT N RS [1]

2. why the point P is referred to as a virtual earth.

bt ngazinedvas iapnbasab oV sefaisneate 0 B (o al e
hieu

outent i nfe satuied 4 opamp has deghiapate.. cmmlr

wpedance fonacncesteakas g caveshiag sapa fobemp

£-
lk.ﬁ C.usffuhﬂwj W:Mjlq Raxd e‘iqu to tae. Cw//f«{'\"’\fmj'ﬂ 13
'N-‘\\AS P iSat virbwalea st

1. Full marks for a correct identification of the circuit.

2. There are three independent marks for this section. The candidate scores two of them but misses the
very important point that they only apply and make P a virtual earth if the open loop gain of the amplifier is
very large and close to infinity. A point missed by many candidates.

Candidate B
1. then me‘[oft stype of amplgﬁr circuit,

2. why the point P is referred to as a virtual earth.

Ais isbaconse €is sond. fobe. af 2é o

1. Full marks for a correct identification of the circuit.

2. The candidate picks up one of the three marks in the next section for stating that the non-inverting input is
earthed. The other two points relating to an infinite gain and the amplifier not saturating are missing.
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Candidate E

1. the name of this type of amplifier circuit,

2. why the point P is referred to as a virtual earth.

A== wV\dW&bﬂe‘?%lt%'\/oM
soce. Vot ceneded 1o the eath whidy s ab

O il Vo, Yiny comedled o Lvst be O o and
e P eherced f5as volaed eath o )

Just one mark gained in this section for a correct identification of the type of amplifier circuit.

(i) Show that the gain G of this amplifier circuit is given by the expression

G=——§:.

Explain your working.

Candidate A

ke cnrreat flows s trvagl Ry = current flows Darmgh Ko
V]'A __Vd’\f\k
— T
R+ Ra
b"’\t Vﬂ)( 'L\S\:‘“ aaﬁ?hﬂ.je (S}
ia ks Dae cavesug (apuT
g0 Vinr = ~NmY

i Vi &5 Ad Viw (S dvrecteof

T
r - Rz
‘Ei‘:\-_' ""‘"'.——-'
N R z
. A 4
BV 6*_}’_2:‘_-—— T{r (4]
U

Three independent marks for this section. Again the candidate scores two, missing the important point that,
for the current in R, and R, to be the same, the input resistance of the amplifier must be very large. A point
missed by many candidates.
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Candidate B

Gan = Vout
V; o
v ow&f\f- 1R, Wloie 7 = cwind in cilout

22K N snefe
DQ=Vo = IR, s Ry iy inpud 13
T —_— — | con d ond ‘f’(.Q.}
\ I, Z, mn»{mwhifj ﬂr\()uc(' 'S
tithod (4]

Nothing mark-worthy in this section as I = the current in the circuit is not sufficient without an identification

of which current is being referred to. The answer is also missing a statement that the input resistance of the
operational amplifier is very large. The mathematics that follows is thus meaningless, and also a minus sign

crossed out in the second line text suddenly appears in the last line!

Candidate E

[4]

There is no identification of any current flowing in the circuit so the written equations are meaningless.
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(b) The circuit of Fig. 10.1 is modified by connecting a light-dependent resistor (LDR) as
shown in Fig. 10.2.

—
Ry
—
R, +8V
e BE— =
. Cr
I'l,"'”\'1=+1.2\/ -9V VOUT CV)
[+, . O
—L
Fig. 10.2

The resistances R, and R, are 5.0kQ and 50k respectively.
The input voltage V) is +1.2V. A high-resistance voltmeter measures the output Vi ;.

The circuit is used to monitor low light intensities.

(i) Determine the voltmeter reading for light intensities such that the LDR has a
resistance of

Candidate A
1. 100k82, : vz
Gavnm ;4 2 7 ( Soxic3 t oo m’:’)
o X fe?
z =2
3
Vou ¥ = — 22 vin
3
= -ze (1-2)
=3
T "BV ) -g
reading = oo B V(3]
2. 10kQ.
. . f i N -t
RS (sox:o’ Y oxre® )
o xi{el
> -5
3
Vint = 5 Vin
SSC
- -2 (t1
> )
- -2V reading = eV (2]

A correct calculation of the two voltmeter readings gains full marks.
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Candidate B
1. 100ke, Coin = (/%:%:gﬁﬁ)s \_(?.
Qusttanes of LDY OV‘-Gl ' R, vy
-{iﬂ * Tooxic? * 50x;o Vo = RV

R, = 333352

eading= o R vl

2. 10kQ.

Total h&\:ﬁhﬂ&‘f D@ a-d &y Coln = - ‘323)3?_&%?)@
D }Qq' ® Joxio’ 5o><fo3 K 0
Vo333 g
Q/] - %555@ 5.0;4{03
z 9.0 v
reading = “Q‘OV (2]

Full marks for two correct solutions.

Candidate E

V=109, (42

(oS
F - e
reading = “l"_ziw V[3]
2. 10k
)/ ) \V=_\O_ 12
(& )
=100

IO 03 )

reading =

Nothing worth any marks in this section. The value of 100 used in the one line of mathematics does not
relate to any values given in the question.
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(ii) The light incident on the LDR is provided by a single lamp. Use your answers in (i)
to describe and explain qualitatively the variation of the voltmeter reading as the
lamp is moved away from the LDR.

Candidate A
wniathe lamp il neas ot LOR , fae i 5iitance on fae LOR
fflt;?r"rof’henpq,,&\%\«g&w(}Mvcﬂfmgfcfwa.w fatg bl
Asdne lasp s 0t ARy pr et Mt LOK. intensty.of 154t

o faL LR Aecrteied aant fal S Rare tarvealed . ..
VoL{mef}wm«w(«Ajfhwmme [3]

The candidate clearly states what happens when the lamp moves away, the light intensity decreases, and
continues to explain how this leads to an increase in the output voltage. Full marks.

Candidate B

1

Full marks for this section with the candidate clearly linking the reduction in light intensity with a decrease in
the resistance of the LDR.

Many candidates lost this mark by stating that as the light intensity decreases the resistance decreases with
no reference to the LDR or the total feedback resistance.

Candidate E

_____ b e larg o el ace the Wb ok
czaj;bwl—b@u%héwkw

Two marks awarded in this section, as the lamp moves away the light intensity decreases and benefit of
doubt given for the resistance across the LDR is high. The candidate does not state what happens to the
voltmeter reading.
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Question 11

General comments

Candidate A
An excellent answer to this question with the candidate showing an extensive knowledge of both X-ray
techniques and CT scanning.

Candidate B
The candidate indicates a good knowledge of the difference between the two imaging techniques, but

misses some detail on the principles involved in CT scanning.

Candidate E
This candidate shows some basic knowledge of CT and X-ray imaging, but the answers lack detail.

Specific comments
(a) Distinguish between the images produced by CT scanning and X-ray imaging.

Candidate A

The candidate realises that the difference between the two systems is that one produces a 2D image and
the other a 3D image, but misses the point that the 3D image is constructed from sets of 2D slices.

Candidate B

.pbcum, &._._’5 &m\w)\onq‘ NG,
VQ" ............ Can V\’ﬂﬁ/\ .. YO’fQ‘fwk OstUxf\d\ .............................. [3]

An excellent answer gaining full marks. The candidate realises that the CT image is constructed from a
series of 2D slices, a point missed by many candidates.
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Candidate E
()T, daep.. m&wceclB)C’(m\s?p\,u%fvr

e 1& Gl

The candidate knows that the CT scan produces a 3D image and the X-ray scan a 2D image, but fails to state
that the 3D image is constructed from 2D slices.

(b) By reference to the principles of CT scanning, suggest why CT scanning could not be
developed before powerful computers were available.

Candidate A

L LT 4coaning ) Seret (ev s md Xokbyd #. 0. 0. auslece. acs. fo bl
.m.t.M.}ﬂ!i{&..t.Q\A@,L@:S...!o;..w.".f...ti.A...’f.‘.\.i..,zlew.\c_.&.T!rx.ei[gr.a,..z!im.y,J.(L ces
.ch...a..boAy.m.m.X:.{s?.\.yﬁ d.La LT Scanmag and albamanfidy
cafuimadas are ooltwasd. . e tompeltd ara comhiat sl of-.

hae. ma fuana fics a ad Calealatiod cavdlveef va fact pralesf o,

&S 94.5/!.:;414.4;:14.'4\5.,..ézv(«;i./)M.c/ia.L.C.em P FC S Co (e, PLOCESS......[5]
(uinvast amouaty 6F A et ia fuch a WAy,

This question is in two parts requiring the candidate to explain the principles of CT scanning followed by

a reason why computers are required. This excellent answer from the grade A candidate gives just the
required amount of detail to gain four marks for the principles section and then clearly states why computers
are required, to process such vast amounts of data.
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Candidate B

Q/gcqnm d\md\ﬁhbﬁv
et”sa 2 A%éu\lu;l Vox Ustoch. v@“«ag\xemhns\

SccmeM @ ..numbw dr(%%mjf Qv
cm\m il ot Bl in 0 sl
Tos A .nesd Ao, Qtocmd ..... Quesh. fask oref
all Mo ks shas., and. nmilions. @fcomg oy

e stoulih B Ay Aal 3D immse, 0 m...,ﬁfiﬁ:ﬁi_ﬁ""
%\ %mgw'mm oV f&o\ui( LA CT SﬁOnMO,.

It is clear from this answer that the candidate understands the principles of CT scanning, but the answer
provided lacks detail. The introduction of the term voxels, often referred to by many candidates, is of little
use without a statement which specifies how the intensity in each voxel is obtained. /t scans from a large
number of angles does not give enough detail as it requires an initial statement as to what scans. In using
the term these in the next sentence it is again unclear whether the candidate is referring to the intensities or
the slices described in the previous sentence. With just a little more precision in describing the process, this
answer would easily gain full marks. Two marks are gained for the reason a computer is required and how a
3D image is obtained.

Candidate E

otz e ires . foren.. 3 ergs
@) W rowﬁf?jﬂubs we COn. u\uea;egﬁ f’faq, !A[;\SJ:j

1.9 ’ioJ\Mor*eciek&mefd"{’wmveW %e

A mark is given for the information that the computer is used to combine images to form a 3D image. The
second statement needs elaboration to gain a mark; more detail is too vague. As an example, more detail
could be that the image can be rotated.
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Candidate A

The candidate appeared to complete the question paper in the time available. The candidate scored highly
on both questions. Marks were not gained in Question 1 because of a lack of detail. In Question 2, a mark
was lost because of a power of ten error on reading information from the graph, and the final mark was not
awarded. It was pleasing to see that the plan was logically written.

Candidate B

The candidate appeared to complete the question paper in the time available. The candidate gained
reasonable marks on both questions. Marks were not gained in Question 1 because of a lack of detail and, in
Question 2, marks were lost at the end of the question where careful attention to detail was needed. It was
pleasing to see that the plan had a very good diagram.

Candidate E

The candidate appeared to complete the question paper in the time available. The candidate scored low
marks on both questions. Marks were not gained in Question 1 because of a lack of detail and disappointing
diagrams. In Question 2, the candidate did not score marks on the analysis sections, which is a common
trait in weaker candidates’ scripts.

Question 1

A student wishes to investigate how the resistance A of a light-dependent resistor varies with
the distance d from an intense light source.

It is believed that the relationship between Rand dis
R = kd"”
where k and n are constants.
Design a laboratory experiment to test the above relationship. The light-dependent resistor
has a resistance of 1002 when it is in bright light and a resistance of 500k when no light

falls on it.

You should draw a diagram showing the arrangement of your equipment. In your account you
should pay particular attention to

(a) the procedure to be followed,

(b) the measurements that would be taken,
(c)} the control of variables,

(d) how the data would be analysed,

(e) any safety precautions that you would take.
[15])
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Candidate A

Diagram
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The first part of Question 1 requires candidates to draw a diagram of the arrangement of the equipment.
The candidate’s diagram scored full marks. The diagram was labelled clearly and correct symbols were used
for both circuits; it was also neat. The candidate clearly indicated both the distance that was to be measured
and how that distance was to be measured with a ruler. In this case the candidate used an ohmmeter
correctly; a common error would be to include a power supply or battery in the ohmmeter circuit.

There is then a page and a half for candidates to write a description of their plan. This candidate begins
sensibly by defining the problem by correctly identifying that the distance is the independent variable and
the resistance of the LDR is the dependent variable, gaining both P1 and P2. It is clear from the response
that the candidate understands the problem. It is expected that candidates will identify variables that need
to be kept constant so as to enable a fair test to be made; again the candidate indicates clearly the need to
keep the intensity of the light source constant, gaining P3. Weaker candidates often refer to ‘controlling’
variables which does not gain credit.

In the text the candidate clearly indicates that the resistance of the LDR will be measured with the
ohmmeter. Other good candidates would discuss calculating the value of resistance from the reading on

a voltmeter and ammeter for this mark. The candidate gained an additional detail mark for the method of
keeping the light intensity constant by using a constant emf and waiting for the bulb to heat up to a constant
temperature. Other good candidates often went into detail about how the light intensity would be kept
constant, e.g. adding a rheostat and ammeter in the circuit containing the lamp and adjusting the rheostat
so that the ammeter reading (current) is constant.

A further method mark was awarded for the candidate’s realisation that the experiment should be carried out
in room with the lights turned off and the curtains closed so the only source of light is the bulb.

There are two marks available for the method of analysis. The candidate initially indicated that values of

log R and log d would be recorded in the table, before scoring the A1 mark for a statement that a graph of

log R (y-axis) against log d (x-axis) would be plotted. Having suggested an appropriate graph, the A2 mark in
this section is awarded for the correct identification of how the relationship suggested would be confirmed;
the candidate’s wording of this section was very clear — “if a linear relationship is seen (i.e. a straight line)
then the hypothesis is confirmed” This candidate also scored an additional detail mark for correctly identifying
both the gradient and the y-intercept from the logarithmic equation that the candidate has clearly indicated.

The candidate scores the safety mark since the hazard is stated “bulb may get very hot” and a suitable
precaution is given “heat insulative gloves should be worn" The candidate also suggested that the bulb may
be ‘overbright” and thus sunglasses should be worn — this would have gained credit since the candidate had
identified the hazard (intense, bright light) and suggested a safety precaution. Valid reasoning is required for
the award of this mark. A more general precaution of switching off the power supply to prevent heat in light
bulb, resistor and LDR did not gain credit.

The end of the candidate’s plan did not score any further marks. The use of short, thick wires for making
connections is not specific to this particular experiment; the obtaining of a large range of values for
resistance applies to any experiment. The candidate was beginning to make a relevant point when
discussing the errors in the measurements at different distances.

This candidate could have gained additional detail marks for determining a typical current in the LDR and
then specifying the range on the onmmeter and by providing some detail about keeping the orientation of
the LDR constant, with a method as to how this could be achieved.
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Candidate B

Diagram
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The first part of Question 1 requires candidates to draw a diagram of the arrangement of the equipment.
The candidate’s diagram scored full marks. The diagram was labelled clearly and it was neatly drawn. The
candidate clearly indicates that the lamp is in a separate circuit to the LDR and the distance that was to
be measured. To determine the resistance of the LDR, the candidate draws an appropriate circuit diagram
including an ammeter and voltmeter correctly positioned; weaker candidates often positioned the meters
incorrectly. The diagram also included a tube which gained a mark for further methods of data collection.
This script clearly indicates the benefit of drawing a good, labelled diagram.

There is then a page and a half for candidates to write a description of their plan. This candidate begins by
discussing the distance from the intense light source. There is some confusion between the letters used by
the candidate and the Question. In the first paragraph, the first mark for defining the problem is gained by
correctly identifying that the distance is the independent variable, with the statement that the experiment

is repeated by varying the length of d. The candidate then discusses recording the raw data of current and
voltage for different length L. In the second paragraph, the candidate explains how the resistance would

be determined. It is expected that candidates will identify variables that need to be kept constant so as to
enable a fair test to be made; this does not occur immediately.

In the next paragraph, the candidate tries to identify a variable to keep constant. The candidate implies
that the power supply to the lamp is kept constant, but credit was not given since it was not clear and the
candidate appeared to be confused about the LDR and the lamp.

There are two marks available for the method of analysis. The candidate states that a graph of log R on the
y-axis against log d on the x-axis is plotted. Having suggested an appropriate graph, the A2 mark in this
section is awarded for the correct identification of how the suggested relationship would be confirmed; the
candidate omitted this part but did gain an additional detail mark for stating that the gradient would give the
value of n.

The candidate has omitted to detail a relevant safety precaution related to the intense light source. Valid
reasoning is required for this mark to be awarded. The end of the candidate’s plan did not score any further
marks.

This candidate could have gained additional detail marks for determining a typical current in the LDR and
then specifying the range on the ohmmeter, and giving some detail about keeping the orientation of the LDR
constant with a method as to how this could be achieved.
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The first part of Question 1 requires candidates to draw a diagram of the arrangement of the equipment.
The candidate’s diagram was carelessly drawn. There was evidence of understanding that the light source
needed to be separate from the LDR circuit. However, the distance to be measured was not accurate and
the circuit diagram (although basically correct) did not have the connections fully made at the ammeter or
the voltmeter. Other common errors made by weaker candidates were to connect the meters incorrectly.
Some weaker candidates connected an additional resistor into the circuit and then connected the voltmeter
across the additional resistor rather than across the LDR.

There is then a page and a half for candidates to write a description of their plan. This candidate begins
sensibly in defining the problem by correctly identifying that the distance is the independent variable and the
resistance of the LDR is the dependent variable, gaining both P1 and P2. It is clear from the response that
the candidate understands the problem. It is expected that candidates will identify variables that need to

be kept constant so as to enable a fair test to be made; the candidate indicates ‘variables to be controlled’
which does not gain credit. A statement stating which variables will be kept constant in required.

In the text, the candidate clearly indicates how the experiment will be carried out. Again P1 and P2 could
be awarded on the basis of the text. The candidate also discusses calculating the value of resistance
from the reading on a voltmeter and ammeter and using V' = IR. A further method mark was awarded for
the candidate’s statement that there should not be any other sources of light in the surroundings, or the
experiment should be performed in a dark room. Either of these statements would have gained credit.

There are two marks available for the method of analysis. The candidate scores the AT mark for plotting a
graph of “Ig R v/s Ig d” This candidate also scored an additional detail mark for correctly identifying both the
gradient and the y-intercept from the logarithmic equation, which the candidate has clearly indicated. Having
suggested an appropriate graph, the A2 mark in this section is awarded for the correct identification of how
the suggested relationship would be confirmed; the candidate’s wording of this section was almost worthy
of the second mark but it missed out “if the relationship is confirmed"

The candidate did not gain the safety mark since the suggestions were not really relevant to the experiment.
It was expected that the safety precautions would relate to the intense light source either being hot or
bright. Valid reasoning is required for the award of this mark. Some weaker candidates list precautions such
as tying hair back, wearing goggles, not handling water, follow lab rules, etc. which do not gain credit.

This candidate could have gained additional detail marks: detail about how the light intensity would be kept
constant, e.g. adding a rheostat and ammeter in the circuit containing the lamp and adjusting the rheostat
so that the ammeter reading (current) is constant; for determining a typical current in the LDR and then
specifying the range on the ohmmeter; or for some detail about keeping the orientation of the LDR constant
with a method as to how this could be achieved. The candidate started making this last point, suggesting
that the LDR should be facing the light source, but more detail would be needed for the award of the mark.
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Question 2

An experiment was carried out to investigate how the diameter d of the path of a beam of
electrons varied with the accelerating voltage V when a magnetic field of flux density B was
applied at right angles to the electron beam.

The equipment was set up as shown in Fig. 2.1.

electron gun

Fig. 2.1

The diameter d was recorded for different voltages V.
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Candidate A
Values of V and d are given in Fig. 2.2,

VIV d/1072m d2/10~m?
500 2.1 +0.1 4.4 1o 4
1000 2.8+0.1 26 L o-C
1500 3.4+0.1 n-6 L 53
2000 3.9+0.1 5.2 2 005
2500 43201 | .5t 09 |
3000 47401 | 2240 * Lo [
Fig. 2.2

It is suggested that V and d are related by the formula
e _ 8V

m  B2d?
where e is the charge on the electron and mis the electron mass.

(a) A graph of @2 on the y-axis against V on the x-axis is to be plotted. Write down an
expression for the gradient in terms of e, mand B.

¢ _ i_v_ Al:@ - S M Vs . j‘fht/tc'fz/[ t—:i/f'___
noopAt B*¢ BT fle

Ate . gV
" 2 = ™ X %’ﬂ

~ob L B e [1]

(b) Calculate and record vaiues of (¢ / 10~% m?) in Fig. 2.2. Include in the table the absolute
errors in d2. (3]

(c) (i) Plot a graph of d2 on the y-axis against V on the x-axis. Include error bars for d2.

(2]

(ii) Draw the best-fit straight line and a worst acceptable straight line on your graph.
Both lines should be clearly labelled. [2]

(iii) Determine the gradient of the best-fit line. Include the error in your answer,

YRAC AR S _é%
D
= 204-70 _134 - g.o0r05lkS- -
T¥50-8550 (400 3 s xfo 3 (734)

ke a\s (Lorst accephnble Shns ht I‘l'Nl’.) :-}__3'_‘;"_*"_13 =15t oy, C4x o -
5 2s60 SO0 1500

Ceerrpr = A6 xlot-F.05 x /o 7089 x/0 -

o gradeeal = 3-05 x(0 ThoSGxh T

- -1 n 3
gradient = ..(.i.'.‘.’k.:?.?::’j).’.{.{f.’. 2
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(d) The magnetic flux density B of the magnetic field is 7.9 x 1073 T. Using the answer to
(c)(iii), determine the value of %. Include the error in your value and an appropriate
unit.

j(hzlt’f\/'»t'%_?__g_—-—: 305 Y1 3 , B= 7.4 x/o3

. -1
S §m—a—_Jus x/0
(19 7-’!0’3?@ -

e, 5 s = (f2x/07 ro-/
 (25xi0 E(F 05 x107F ) (§2x)07(3s54) (kg
pe rteatat ¢/ ror 6 jfatr[x-?.wt
B T I
S e XN xrszx ot = 0.8 X107
absolwle error th“{ . kg S

e _ (r-92% 0us)xjoF ¢ kg !

(e) The experiment is repeated with a different magnetic flux density. When Vis 500V, the

measured value of dis (3.8 = 0.1) x 1072 m. Using your answer to {d), determine a value
for the new magnetic flux density, B. Include the error in your vaiue.

e §v ﬁjoe//c)/:@.ﬁé‘a’.,.«ré—;—%xzaoxz
M TTIL - 5

b4 ~ £.515S. . /S0
g = sV

PN

whsshle esr/0/ = 6.815¢... T x 0-370

[y LB A0 o gz eFget 0077 ]
(38%

B= 03761 0.027~ 1
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Question 2 was very well answered. It was pleasing to see the candidate use clear methods.
The candidate correctly determined an expression for the gradient in terms of e, mand B. Again it is
pleasing to see the candidate demonstrate the answer clearly.

The basic results table was calculated correctly with an appropriate number of significant figures given.

The method of determining the absolute uncertainties was correct in all cases. Significant figures in
uncertainties are not penalised in (b). Thus the last uncertainty £1 would have been accepted as well as the
candidate’s value of £1.0.

The plotting of points and error bars was good; the points were clearly indicated and the ends of the error
bars were clearly distinguished. Both the best fit and the worst acceptable lines were labelled — the
candidate had dashed the worst acceptable line as well as labelling it using text. The line of best fit and
the worst acceptable line were drawn carefully and were correct, the worst acceptable line clearly passing
through the top of the top error bar and the bottom of the bottom error bar.

The candidate calculated both the gradient of the best fit line and the worst acceptable line correctly and
thus determined the uncertainty in the gradient correctly from the difference in the two values. It was
pleasing to see the triangle for the gradient clearly indicated on the graph and the values clearly seen. The
power of ten error when reading off the y-axis is not penalised at this stage. The method for determining
the uncertainty in the gradient was also clearly shown.

Part (d) was correct apart the power of ten error when calculating e/m. To determine the uncertainty in e/m,
the candidate’'s method of finding the percentage uncertainty in the gradient and then applying this to e/m
was correct. Fractional methods or working out e/m using the worst possible value for the gradient would
also have scored this mark. The unit (C kg™') was clearly written down.

In (e) the candidate gained an answer within the specified range, allowing for the power of ten error that
was penalised earlier. This candidate clearly showed the working. To calculate the absolute uncertainty in
B the candidate uses the percentage uncertainty in /m and then correctly adds it to 2 x the percentage
uncertainty in d. Sadly the candidate then incorrectly divided the answer by two. This was a very good
attempt. It should be noted that, although this method was not specified in the mark scheme, if the
candidate had added the percentage error of 8.368% to twice the percentage error in d, then credit would
have been scored for this part; this is an example where Examiners credit good physics which may not
appear on the published markscheme.
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Candidate B
Values of V and d are given in Fig. 2.2.

VIV a@/1072m 2rome | A . 1M
500 21201 4.4+ 04 &2 d
1000 28101 |TR 7 0k 1 2Ad o g2
1500 3401 | [|.{, £ 07 F £0dxd
4x01 | ]j., 4 ;
2000 39+01 [15.22 O]
2500 23:01  |J1R.5% 09
3000 47:01  |92.11 09
Fig. 2.2
It is suggested that V and d are related by the formula
o _ 8V _ms™
m  B2g? 2 A%

where e is the charge on the electron and m is the electron mass.

(a) A graph of 02 on the y-axis against V on the x-axis is to be plotted. Write down an
expression for the gradient in terms of e, mand B.

Y - m 'x ..............................................
(b) Calculate and record values of (a2 / 107 m?) in Fig. 2.2. Include in the table the absolute
errors in o2 3]

(¢) (i) Plot a graph of d2 on the y-axis against V on the x-axis. Include error bars for d2.

(2]

(i) Draw the best-fit straight line and a worst acceptable straight line on your graph.
Both lines should be clearly labelled. [2]

(iii) Determine the gradient of the best-fit line. Include the error in your answer.
qodwt L bk = iy = 23424 - A =
XX 3150- 950 236~
=000 24

Fodivt of wos £} = PO MR-36 = B2 =T
Xy-X  I850 ~460 Ao

| £ - = 758 %15
. S(O&WJT . {a(_l\mjw {gﬁ* fatod}w bey} A4
= DI N0 "1'2‘(‘7"0’ ) 34 3
= 343 )(lo“!- gradiem=Z‘.2f?.‘!9...f....xl9. 2]
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(d) The magnetic flux density B of the magnetic field is 7.9 x 1073 T. Using the answer to

(c)(iii), determine the value of F Include the error in your value and an appropriate
unlt
2 ET
T
6 ,( Cix'ol)m m Y ;ij‘_“ﬁq'/rﬂ
T-uxc® 7 12-82x10°" H Amig
m = TR x5 - 5w
Q 12 824107 _ 8.‘;{‘2'”0;3
0 >z 55X '0*3 T x 1o

—

- = - t
m - 5-Gxod =770 e

- .l:fl.’[).éld..??&:.?ﬂn(l.o.{f . m?.'.§.‘.f:r..'.?[“3]

(e) The experiment is repeated with a different magnetic flux density. When Vis 500V, the
measured value of dis (3.8 + 0.1) x 1072 m. Using your answer to (d), determine a value
for the new magnetic flux density, B. Include the error in your value.

A d e = 8mV
B - \m ‘gﬁ‘“
4z o N

€ -b5x:o’g)x 500
Yy

, ~4f
Ko wo B= 4%)(104*J:OO‘T (2]
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Question 2 was generally well answered with the candidate only having difficulty in the last two parts. It
was pleasing to see the candidate use clear methods.

The candidate correctly determined an expression for the gradient in terms of e, mand B. The candidate
demonstrates clearly how the answer is determined. It should be noted that just linking y = mx + ¢ would
not have gained credit. An explicit statement of gradient is needed.

The basic results table was calculated correctly with an appropriate number of significant figures given. The
method of determining the absolute uncertainties was correct in all cases.

The plotting of points and error bars was good; the points were clearly indicated and the ends of the error
bars were clearly distinguished. Both the line of best fit and the worst acceptable lines were labelled. The
line of best fit and the worst acceptable line were drawn carefully and were correct, the worst acceptable
line clearly passing through the top of the top error bar and the bottom of the bottom error bar.

The candidate calculated both the gradient of the line of best fit and the worst acceptable line correctly and
thus determined the uncertainty in the gradient correctly from the difference in the two values. The values
for the gradient calculation were clear and could be checked easily. The power of ten error when reading off
the y-axis was not penalised at this stage. The method for determining the uncertainty in the gradient was
also clearly demonstrated.

Part (d) was correct apart the power of ten error when calculating e/m. To determine the uncertainty in
e/m the candidate’s fractional method was correct; it should be noted that the working was clear. The unit
(m™'s?T?) is incorrect. The candidate would appear to be trying to use base units but was confused by the
term Vin the original equation in the question (perhaps thinking that it was a speed). [f the unit had been
correctly given in base units then credit would have been given. Similarly credit would have been given for
Vm?2T2

In (e) the candidate did not gain an answer in the range given and thus did not gain credit. There would
appear to be errors in the candidate’s calculation. Initially the formula quoted is correct; however, the
substitution for e/m is incorrect and the candidate has only substituted 3.8 m for d rather than 3.8 x 107 m.
The candidate makes no attempt to show working to determine the uncertainty in B; it is important that
candidates clearly indicate how their answers are obtained.
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Candidate E
Values of V and d are given in Fig. 2.2.

VIV d/102m d?/10™*m?
500 2.1£0.1 iy 202
1000 28£01 7%k * 0.56
1500 34+01 [ I\Y6Y 068
2000 3.9+0.1 121 Foa
2500 43+01 |39 % O-%6
3000 47+01  |220%% 09l
Fig. 2.2

It is suggested that V and d are related by the formula
e 8V

m  Beg?
where e is the charge on the electron and m is the electron mass.

(a) A graph of d? on the y-axis against V on the x-axis is to be plotted. Write down an
expression for the gradient in terms of e, mand B.

e . 8V
™  BU?

2 = g[’\v .
ek? jr&dmk - 3

c o D, €O, [1]

- = 8n/eB?
(b) Calculate and record values of (d? / 107* m?) in Fig. 2.2. Include in the table the absolute
errors in d2. (3]

(¢) () Plot a graph of a2 on the y-axis against V on the x-axis. Include error bars for d2.

[2]

(ii) Draw the best-fit straight line and a worst acceptable straight line on your graph.

Both lines should be clearly labelled. 2]

(iii) Determine the gradient of the best-fit line. Include the error in your answer.
Fm}\b of ik e (30,3 2) it We  ~ (32083000, 23)
3200, 23-6) (55, k)
= 3200350 SWM = 3000 —SU
gre-3 536 -32)x\0 23~k)x\0”
N m 205~ 10 x10° - 13RS 13t
- 0% 100
weetavky = 1R For=W 2 x
/ ﬁfor') 17394708

= 6. oo“/
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(d) The magnetic flux density B of the magnetic field is 7.9 x 1073 T. Using the answer to
{c)iii), determine the value of £.. Include the error in your value and an appropriate

unit. m ek e = 690, 3-2)
. | = (so0r1)
iy B @%g 20.2°0)

S (1w2<10% \0t)

(e) The experiment is repeated with a different magnetic flux density. When Vis 500V, the
measured value of dis (3.8 £ 0.1) x 1072 m. Using your answer to {d), determine a value
for the new magnetic flux density, B. Include the error in your value.

14 Soerel) = & x SOV
(153" = 27 - w(c%to-&)xl""?z

(o-0C
ca gt OO = k000 ——

52(1‘53“'03* w‘ﬁ)@@ o €267 = 09O '

R=(32 9% 2437)T

...............................................
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Question 2 was generally well answered at the beginning but the candidate found the last parts more
challenging.

The candidate correctly determined an expression for the gradient in terms of e, mand B. Again it is
pleasing to see the candidate demonstrate the answer clearly. Weaker candidates often do not show their
working and as a result often find the algebraic manipulation difficult. Some weaker candidates omitted the
‘8" from their final expression.

The basic results table was calculated correctly but from row three onwards the candidate has not used an
appropriate number of significant figures (sf). Since the raw data is given to 2 sf, then the calculated values of
£ should be given to two or three significant figures. In row three this means that the allowable values would
be either 12 (2 sf) or 11.6 (3sf). Another common mistake that weaker candidates make is to truncate their
answers; again using row three, if the candidate had written ‘11.5', then this would have been penalised. The
method of determining the absolute uncertainties was correct in all cases. Significant figures in uncertainties
are not penalised in (b) and thus +0.42 and +0.4 in the first row would both have gained credit.

The plotting of points and error bars was good; the points were clearly indicated and the ends of the error
bars were clearly distinguished. Weaker candidates tend to lose one of these marks for careless plotting of
points. Candidates should be encouraged to check plots that do not appear to lie on a straight line (or smooth
curve). Both the best fit and worst acceptable lines were labelled. The line of best fit was drawn correctly
but the worst acceptable line was incorrect, since it did not pass through the bottom of the bottom error bar.
Another error that occurs on weaker scripts is where the worst acceptable line is parallel to the line of best
fit.

The candidate calculated the gradient of the best fit line and the worst acceptable line incorrectly. The read-offs
from the graph were clearly indicated and the candidate also realised that d* was measured in 10 m? but the
candidate calculated Ax/ Ay. The candidate also calculated the gradient of the worst acceptable line by finding
Ax /[ Ay, before calculating the percentage uncertainty in the gradient rather than the absolute uncertainty. In
this case, the candidate has demonstrated the method for the determining the percentage uncertainty (by
finding the gradient of the worst acceptable line and determining the difference with the previous gradient
calculated), and thus credit may be given since the Ax/ Ay has already been penalised in the first part. This is a
good example of where an examiner would apply the ‘error carried forward’ rule.

Part (d) was incorrect. The candidate substituted a point from the line rather than the gradient as required by
the question (furthermore, the value from the line was incorrectly read). Weak candidates often substitute
data points from their table of results rather than using the gradient. Another error by weaker candidates

is the incorrect evaluation of the expression, often becoming confused with powers of ten. There is little
evidence as to why the candidate has given the uncertainty as 10% — examiners would expect to see a clear
method for this mark to be awarded. The unit was omitted — a common occurrence in weaker candidates’
scripts. Candidates should be encouraged to try to determine the unit from the information that they have
been given. In this case, using the equation given earlier would give a unit of VT? m™, which would have
gained credit.

There is often one mark available on the paper for correct work throughout the paper and being able to
obtain an answer within a specified range. In (e) the candidate's response was not within the required
range. The uncertainty or percentage uncertainty was not clear and thus did not gain credit. A clear method
is essential for the award of this mark.
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Conclusion

Candidate A

The candidate has applied good practical physics skills to both Question 1 and Question 2. In Question 1,
there was clear evidence of good methods of data collection and the analysis section was logically
illustrated.

Candidate B

The candidate has applied good practical physics skills to both Question 1 and Question 2. In Question 1,
there was evidence of good methods of data collection including a very good diagram. In Question 2,
the candidate demonstrates good basic knowledge but does not excel in the final parts with the required
accuracy that would be expected of an A grade candidate.

Candidate E

The candidate has applied some practical physics skills to both Question 1 and Question 2 and thus
deserves a grade at A level. In Question 1, there was some clear evidence of good methods of data
collection and the analysis was encouraging, but the candidate did not answer the plan in sufficient detail
for the award of a high grade. In Question 2, there is evidence of a reasonable standard of basic skills with
a few slips; higher grades would not be accessed because the candidate was unable to deal with the more
complicated analysis required in the latter parts.
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