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Introduction

This paper comprises short, open-response, calculation and extended writing questions
worth a total of 120 marks. The questions draw on a range of the topics in the specification
and include synoptic questions drawing on two or more different topics. The paper also
includes questions that assess conceptual and theoretical understanding of experimental
methods (indirect practical skills), some of which draw on candidates’ experiences of the core
practicals. The paper gave candidates the opportunity to demonstrate their understanding of
a wide range of topics from the specification, with all of the questions eliciting responses
across the range of marks.

There was a mixed response to the two linkage questions in this paper. Q05 tended to
generate better responses than Q09(a). In particular, the responses to Q05 were an
improvement to responses seen for linkage questions in previous series. In this question
candidates were able to demonstrate an improved ability to link ideas coherently to the
context provided in the question.

There is still evidence that candidates are not paying sufficient attention to the command
words used in the question. In a number of cases, questions requiring an explanation were
answered with a description by a proportion of candidates. In general, calculation and 'show
that' questions gave candidates an opportunity to demonstrate their problem solving skills to
good effect. Some very good responses were seen for such questions, with well-crafted
solutions which were accurate and clearly set out. In some calculation questions the final
mark was not awarded due to a missing unit, although this was rare.

There were instances where candidates disadvantaged themselves by not using suitably
precise language. This was particularly the case in some of the questions testing indirect
practical skills, where candidates had knowledge of the method, but could not express it
accurately and succinctly. Some candidates did not seem to understand the language and
processes of quantifying uncertainties in practical work. In particular, candidates struggled to
use the terms 'accuracy', 'error’, 'precision’, 'resolution' and 'uncertainty' correctly.

The space allowed for responses was usually sufficient. However, candidates need to
remember that the space provided does not have to be filled. Candidates should be
encouraged to consider the number of marks available for a question, and to use this to
determine the length of response required. If candidates either need more space or want to
replace an answer with a different one, they should indicate clearly where the response they
wish to be marked by examiners can be found.
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Question 1 (a)

Many candidates were aware that the data was presented to an inconsistent number of
significant figures. An inconsistent number of decimal places was also accepted for MP1.
However, few candidates seemed to appreciate the importance of recording all the raw data
in the table, so MP2 was only occasionally awarded. Many candidates thought that the
masses should be increased in equal intervals, although this is not important in this
experiment. Many references to experimental technique were seen here, although the

question is specific in asking for comments on the recording of the data.

(a) The position of the bottom of the mass holder was recorded. The spring was
stretched by adding masses to the mass holder and the new positions were
determined. The extension of the spring for each mass was calculated,

The results are shown in the table.

Mass/kg Extension/m
0.05 0.019
0.10 0.042
0.15 0.058
0.20 0.085
0.25 0.1
0.35 0.14

Criticise the recording of these results.

(2)
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/‘--. Examiner Comments

raw data in the data table.

This response gains MP1 but makes no mention of the need to include
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Criticise the recording of these results.

exkerdiem & @)

Z ResultsPlus

Examiner Comments

This response is sufficient for both marks to be awarded.
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Question 1 (b)

Few candidates seemed to be aware of the technique of recording loading and unloading
values when carrying out this experiment. However, it was quite common for a reference to
the more generic “repeat readings” and calculating a mean to be seen. Many candidates were
aware of the problems associated with parallax in the metre rule readings, and the use of a
pointer or a set square was referred to by many. Some responses were quite vague as to
where the pointer should be positioned, with many responses simply referring to a fiducial
marker. Many candidates thought about ensuring that the metre rule was vertical and fixed
in position. Often this was in terms of ensuring that the metre rule was parallel to the spring.

(b) Describe how the student should determine the extension of the spring as accurately
as possible.

3)
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Examiner Comments

This response covers all three marking points. Although reasons are
given for the method, there are not necessary for full marks to be
awarded.
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Question 2 (a)

Despite the hint in the question, many candidates described measuring multiple slides
individually in different places / orientations. MP2 was rarely awarded, as very few
candidates’ responses specified that uncertainty would remain the same. Some candidates
focussed on the micrometer in their answer rather than experimental technique.

2 A student was given a box of identical glass microscope slides and asked to determine
the density of the glass. She useéd a micrometer to measure the thickness of one of the
slides. She repeated this measurement twice in different places and calculated a mean
value for the thickness. The thickness of each slide was approximately 1 mm.

(a) Explain how she should have measured the thickness of the slides in order to
minimise the percentage uncertainty,

(2)

o Shall bl bokt moe Bn 3 nasueds
2 Tn A Aﬁ'gﬂﬂofkﬂmmd”“‘&ﬁw
ﬁ.,‘( nw(ﬂbm’”/fpké: Q”’Jﬂﬂ-f’f-f/
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N { ResultsPlus
/---.. Examiner Comments

This response is an example of a standard method (repeat and

calculate a mean value) being given without reference to the context of

the question. It is not clear how repeats of the slide thickness could be
made at different orientations, but it was commonly seen.

’” V \ ResultsPlus
\

| Examiner Tip

Always relate your response to the context given in the question.
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(a) Explain how she should have measured the thickness of the slides in order to
minimise the percentage uncertainty.

2
ob Weust *
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ﬂ ResultsPlus
Examiner Comments

This response gains MP1 but doesn't quite say enough for MP2,
Question 2 (b)

Some candidates gave clear definitions of the required terms but few specifically mentioned
resolution. Not many candidates stated that repeating alone does not reduce random error.
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Question 3 (a)

This was a popular question with candidates, and many correct solutions were seen.
Responses were usually set out logically and were relatively easy to mark. The final MP was
most commonly given for a comparison of energy transferred and energy required.

3 It was suggested on an online forum that it would be possible to cook a chicken by
repeatedly slapping the chicken with one hand.

It was claimed that the energy transferred to a chicken in 8000 slaps would be sufficient
to raise the temperature of the chicken from 23 °C to 165°C.

In an investigation to test the claim, the effective mass of the hand was taken as 1.75kg
and the speed of the hand just before impact with the chicken as 6.25ms™".

(a) Deduce whether the data confirms that 8000 slaps would be sufficient.
Assume that no energy is transferred from the chicken to the surroundings.

mass of chicken = 0.875kg
specific heat capacity of chicken = 1770Jkg' K™
efficiency of energy transfer from the hand = 65%
(5)

S E:J@W" .................................................... : ¥175Y£231-%IZJ

................................... e dg)  3l%045272.273. .

This response calculates the number of slaps required to raise the
temperature by the required amount and was another way to gain all 5
marks that was seen quite frequently.
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(a) Deduce whether the data confirms that 8000 slaps would be sufficient.
Assume that no energy is transferred from the chicken to the surroundings.

mass of chicken = 0.875kg
specific heat capacity of chicken = 1770Jkg'K™'
efficiency of energy transfer from the hand = 65%

3)
( |
i OF hand .ip.one slap.= .. i‘m\e'l:z"m'?l'xézfz ................................
______________ é)E=mc§<9 34 0€8T
~ A xd6y
............. ﬂ "'mc_
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........... thﬁgmopuﬂasffeﬂ
........................... 6313‘“119}(5’0%
........... A8z 1S oC o =178000T dotal
.................. 0. 5100]. et 5. 234 A1 oo

B 138°C 50, 800 slaps. s 00t suflicient ...
fo each (65C

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

% ResultsPlus

Examiner Comments
This response calculates the temperature reached after 8000 slaps.
Although seen less frequently, this was another way to score all 5
marks.
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(a) Deduce whether the data confirms that 8000 slaps would be sufficient.
Assume that no energy is transferred from the chicken to the surroundings.

mass of chicken = 0.875kg

specific heat capacity of chicken = 1770Jkg ' K™

efficiency of energy transfer from the hand = 65%

AE = e & (5)
AE= 0.815 %1770 & (165-23)= 2142023 )
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ig ResultsPlus
Examiner Comments

This response compares the energy gained by 8000 slaps with the
energy required to increase the temperature to the value stated in the
question. This was a common way for all 5 marks to be gained.
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Question 3 (b)

Many candidates referred to energy transfer to the surroundings, but omitted to give
qualifying statements such as temperature difference / thermal equilibrium etc. Some
responses focused on the efficiency of the process or other aspects which were not related
to the assumption that was required to be commented upon.

(b) Explain whether the assumption made in (a) is realistic,

(2)

e Nees M oﬂgncmcﬂ waolol . vigst
N v s e S 7T el o owe.
BT\ W 1 WY PRI wa.Sd{:HAL
wumg Conmolishie) . Mess ) dnidkan

I\

\( ‘\/ ResultsPlus
/‘--. Examiner Comments

This response follows an approach taken by a number of candidates.
The assumption that was stated in (a) has been ignored, and other
factors have been considered instead. This approach did not gain any
credit.
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(b) Explain whether the assumption made in (a) is realistic.

r%atmam

................................................. m)d!xﬁa« pared

Madal Fawm Nuaastian 1 = T smawlal

ig ResultsPlus
Examiner Comments

This response gains 2 marks, as it identifies that there must be energy
transfer to the surroundings if there is a temperature difference.
Similar responses sometimes referred to thermal equilibrium between
the chicken and its surroundings.

(b) Explain whether the assumption made in (a) is realistic.
(2)

e ossmenon 1S Nok . reOMSRC. sinee. oS we
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ig ResultsPlus
Examiner Comments

The idea that it is impossible to insulate the chicken from the
surroundings expressed in this response is sufficient for both marks.
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Question 4

Some good responses to this question were seen. MP1, MP3, MP4 and MP5 were often given
and answers seemed well rehearsed. Many candidates stated light gates but not data logger,
although candidates should be aware that light gates need to be connected to something.
This may be a data logger, or to a computer or even to digital timers, but some detail is
required for this mark to be awarded. In fact, there may be considerable difficulty in the set
of light gates and a data logger and so this would not be an ideal improvement to the
experimental method anyway.
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4 The diagram shows a metronome, which includes an inverted pendulum, used by
musicians to set a tempo. The pendulum oscillates with simple harmonic motion and
makes a loud click at regular intervals.

pendulum

(Source: Getty Images)

A faulty metronome stopped making a clicking noise. A student tried to check the
accuracy of the period T of the metronome, using a stopwatch. The student timed the
pendulum as it moved from one extreme of the oscillation to the other.

Explain how the procedure used by the student to determine T could have
been improved.

{ n‘ff‘,ké--'w [y from)

pesrEren

Z ResultsPlus

Examiner Comments

This response deals with the key aspects of the procedure well and
gains all 5 marks.
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Explain how the procedure used by the student to determine 7 could have
been improved.

e Sne pendolom  Fram e equiipauny posnon.
MO O EMAOCDN OYORURE . VATAR . EOT. .. TUCORE. 08 s
OsANORONS . WNere . 0180, \ore. nuter e divide.
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N_

ﬂ ResultsPlus
Examiner Comments

This succinct response is good enough for 4 out of the 5 marks

available for the question. MP2 was not awarded, as there is no

reference to increasing the total time measured. Nor was there any
reference to reaction time.

GCE Physics 9PHO 03 16



Question 5

This was a fairly straightforward linkage question. Most candidates were able to score marks
by expressing their responses in a logical order and covering all of the key points.

Reference to cutting of flux or changes in flux linkage were often omitted in favour of a
reference to the coil cutting magnetic field lines. A number of candidates went into extreme
detail about the induction process, so the last 3 IC points were weak in these responses.

The charging process was often described quite poorly. The lack of reference to the capacitor
being charged may be a result of the way in which capacitors are currently taught. Many
candidates knew that they should not say the capacitor ‘stores charge’ so maybe they
avoided the word charging too. The references to ‘one side of the capacitor’ may be because
they have been told that charge builds up on one plate - and the opposite charge builds up
on the other plate, so no net charge is stored. A candidate explaining the process using these
concepts correctly would have scored marks. However incorrect references to a build of
current were seen quite regularly. Few candidates appreciated that the diode prevented the
capacitor from being discharged when the magnet changes direction in the coil.

Explain how the shaker torch is able to light the LED.

L85 Yae  MegweY  moues  Yavoogw dae €0l dmere A5 e
LMONEE in egnetic AWK NinGegt | e e SIS

LD sreps  curtent  flowing

Beex. o unen  tae  wmeyne X moves  dee  0¥WeY  liveekion .
Dren, Hae  Babess g Oged  CVecfyls o Ame . VIR

cepagitol - aohent  Hae guakon  1s 0 closed  dne  eepec O™

) chipehndat  Hhrovem  the ol  [ED ccuymy G}

ko ewniy Yawr.  Berely ewg  curvent W flow ey

Phe  cotl oewvse b e e pven  hignet e dipron e
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ﬂ ResultsPlus
Examiner Comments

All the key points are made in this response, and the ideas are
sequenced logically. So this response gains 4 marks for indicative
content, and 2 marks for linkage, giving it 6 marks in total.

Explain how the shaker torch is able to light the LED.

............... i e o ... ool e Wagsh_potes oo Yo il

a\___

ig ResultsPlus
Examiner Comments

Once again, this response includes all the key points. Despite some

extraneous detail at the beginning of the response relating to how the

magnet moves back and forth through the coil, the ideas are

sequenced logically. So this response gains 4 marks for indicative
content, and 2 marks for linkage, giving it 6 marks in total.
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Question 6 (a)

Many candidates didn't understand that they should be saying how to improve the
experimental procedure. Most were commenting that it was the correct set up. Most
candidates did not realise about finding more in-phase positions. A few candidates sketched
waves to illustrate their answer.

6 In an experiment to determine the speed of sound in air a student connected two
microphones to an oscilloscope, as shown.

oscilloscope < d loudspeaker

v

microphone microphone
1 2

signal generator

....t'

The microphones detect sound from the loudspeaker, converting it to an electrical
signal. The signal is displayed on the oscilloscope screen.

Both microphones were initially positioned the same distance from the loudspeaker.
The two signals were in phase on the oscilloscope screen. The student slowly moved
microphone 2 towards the loudspeaker, until the two signals on the oscilloscope were in
phase again. He then measured the distance d between the microphones to determine
the wavelength 4 of the sound waves.

d=20.5cm
(a) Comment on the student’s experimental technique to determine A.
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/---t Examiner Comments

This response indicates that multiple wavelengths should have been
measured, although doesn't specifically refer to multiple in-phase
positions. There is a reference to percentage uncertainty being
reduced, which is sufficient for MP2.

GCE Physics 9PHO 03 20



(a) Comment on the student’s experimental technique to determine A.
(2)
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Examiner Comments

The reference to repeats doesn't score marks, although it is clear that
choosing to measure between out of phase positions leads to an
easier judgement of the positions hence this response scores 2 marks.
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Question 6 (b)

Most candidates scored full marks on this question, although some were confused by the
fact that the trace showed an incomplete number of wavelengths.

(b) The oscilloscope trace for the signal from microphone 1 is shown below.

The time base of the oscilloscope was set to 0.20msdiv".

Determine a value for the speed of sound in air.
(5)

I L - R Y-
T3 Mvisiee T 00woe > k3 o= byl g
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) &{ ResultsPlus
/---. Examiner Comments

The correct answer is obtained, with all the expected elements of the
solution included, so this response gains full marks.

’ V \ ResultsPlus
\

| Examiner Tip

Substitute numerical values before rearranging an equation.
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Determine a value for the speed of sound in air.

. 8 { 0.20 X Lo -3)

?-
/

(5)

s fA
L 2

(’a) (o 2ox o~ 3)

iﬂ

35

M\

ﬂ ResultsPlus
Examiner Comments

This response attempts to use the full time displayed on the
oscilloscope screen, using 2 complete waves and three quarters of a
wave. This is not exact, but acceptable. However, a power of ten error
is introduced into the calculation, and the final answer is out by a

factor of 100.

’“\V/ ResultsPlus

) Examiner Tip
Take care with powers of 10 when entering data into your calculator.
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Question 7 (a)
Most candidates managed to find the speed of block after collision and the energy of block.

However, many candidates missed the point that they had to use conservation of
momentum to complete the question.

7 A projectile of mass 65¢/is fired verticallyupwardsinto a stationary wooden block of

mass 2:400kg, as shown.
- :wooden block
i | projectile

(a) The projectile becomes embedded in the block. They both move vertically upwards
through a vertical displacement of §5em«before momentarily coming to rest.

Calculate the energy dissipated as the projectile hits the block.

By E J?‘_ O 063 v 125" Energy dissipated = Ll'@(o]:)
L SO « D 761

EK%‘EK ﬁ\ﬂf = &L, |
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N ResultsPlus

/'--. Examiner Comments
This response uses energy conservation to calculate the velocity of the
block and projectile just after the impact. Conservation of momentum
and kinetic energy calculations are carried out to give a correct final
answer.

-

lf \ ResultsPlus
<

Examiner Tip

Show your working clearly in all calculations.
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(a) The projectile becomes embedded in the block. They both move vertically upwards
through a vertical displacement of 55 cm before momentarily coming to rest.

Calculate the energy dissipated as the projectile hits the block.

(6)
EiltmanSen v oo = avaller. o
........ ul-u‘ﬂmutgm?Q-Qﬁﬁ—OﬁS

C.0. 1L ?%Skﬁ ...............
'?\Ez
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____________________________ S03, BT - (326635 = HOUAC. STTOTN 2 4A0 3T,

| | Energy dissipated = L’tqo-sj} .........

a\__

ig ResultsPlus
Examiner Comments

This response uses an equation of motion to calculate the velocity of
the block and projectile just after the impact. Again, conservation of
momentum and kinetic energy calculations are carried out to give a
correct final answer.

Question 7 (b)

A few candidates referred to an inelastic collision, but most did not. Many candidates quoted
conservation of energy but did not relate this to decreasing KE or an inelastic collision.
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Question 8 (a)

Many candidates could recall that alpha radiation was stopped by paper, whereas beta
radiation is stopped by a few mm of aluminium. However, the link with radiation escaping
the plastic bottle was often not made. Some candidates said that alpha radiation would be
stopped by the plastic bottle but did not explicitly state that the beta radiation would
penetrate the plastic bottle.

8 A teacher demonstrated the decay of protactinium using a Geiger-Miiller (GM) tube
connected to a data logger.

A sealed plastic bottle contains a solvent floating above a liquid containing a uranium
salt. Protactinium is produced from the decay of uranium and is present in the solvent
as shown.

sealed plastic
bottle

da 1 solvent containing
to data logger protactinium
liquid containing

GM tube uranium

(a) Deduce whether alpha radiation or beta radiation from the inside of the bottle is
detected by the GM tube.

@)
o Alpla cs. Aa#dﬂ'cdﬁdasdwaul:j
Pwﬁa}e%rwﬁuamupuofc:ch :

\(f( ResultsPlus
Examiner Comments

Many candidates made reference to the alpha radiation only being
able to pass through a few cm of air. On its own, this isn't enough for
MP1, as a specific reference to the alpha radiation being absorbed by
the plastic bottle is required. In this response this extra information is
added, and there is a clear statement that beta radiation can penetrate
the plastic bottle and so this response scored both marks.
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“»\ ResultsPlus
\ Examiner Tip
Always give as much detail as you can that relates to the context given
in the question.

Question 8 (b)(i)

Very few candidates drew a line of best fit. The candidates who only found one half-life from
the graph without drawing a line of best fit had a tendency to be out of range as the change
from 9 to 4.5 gives 85 s. Readings taken from the graph with calculations of mean often

scored full marks.
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(b) The data logger output is shown below.
10

e |
1
IR RN

Count rate/s™'

S Eoaoae

|
il

l-dh

D i---nj . IWE N
0'S 50 '1%-0 150 - 200 550 300 350 400 450
t/'s

(i) Determine the half-life of the protactinium.
L)

20 e @ unEAFS

T T .- 1
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A mean line has been drawn, and the time taken for the count rate to
fall to half has been carried out 3 times. A mean half-life is calculated,
and the final value is within the range specified and so this response
scores all 4 marks.
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(b) The data logger output is shown below.

10

A
LE]

Count rate/s™!

| N
I EEBE 95 B

100 150 200 250 300 350 400 450
t/'s

(i) Determine the half-life of the protactinium.

4)

LoBF. Time. o it -rake holwia . yggm\uh

b= 8.5

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

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

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

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

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

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

GCE Physics 9PHO 03 32



™

p / ResultsPlus
/---". Examiner Comments

Again, a mean line is drawn and MP1 awarded. However, in this
response only one half-life is determined, so MP2 is given, but not
MP3. The value obtained is within range, and so MP4 is met, giving a
total of 3 marks for this response. The theory included that relates to
the exponential decay equation is mostly correct but doesn't add to
the number of marks gained by this response.
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Question 8 (b)(ii)

Most responses mentioned background count or the idea of exponential decreasing never
reaching zero. Only some candidates mentioned that it would be detected by the data logger
or GM-tube to gain MP2.

(ii) Explain why the count rate doesn’t reach zero.

LThe. tedcher  ckid  por. . keke. nte. account  bockground rackahon,
@hich  WillCGuSE  the. geiger MUler . e 0. cnRnuooly  ebrery oblain
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o

i( ResultsPlus
Examiner Comments

This response says enough for both marks to be awarded.

(i) Explain why the count rate doesn’t reach zero.
The GM counter )

@
Cooeb—rett ¥ Counts all radiation,

including backgroun) radiation, so s

50.,Could include Counts From this tOO

N

iﬁ ResultsPlus
Examiner Comments

This response says enough for full marks. The reference to
protactinium at the end of the response is treated as neutral.
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Question 9 (a)

This linkage question was poorly answered. Answers often lacked structure. Without a logical
flow it was often hard to identify the comparison being made. IC2 and IC3 were often
described together. IC4 and IC5 were the most commonly omitted.
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9 A student is planning to collect data to produce a current-potential difference graph for a
filament lamp. Her teacher suggests two circuits that she could use.

— = ﬁ*"ﬁ
mﬁ,;uﬂth A
@) 1 | B E Rinp R, 2.

O,
Circuit 1 Circuit 2

Circuit 1 uses a potential divider and circuit 2 uses a variable resistor to vary the
potential difference across the filament lamp.

*(a) Discuss the suitability of each circuit to collect the data.
’ (6)

.................................. 'fhm-wbm t-.:.”.»m kb ru mwha«

A pews 7 ok
G, T umww&l‘pva!ﬁm% ............ M ...... ¢ .sE.J-Mw W

e T G s Mg ™M™ E.m L M&MAW .............
m-&%lw‘kb—w ..... frn. OV | ™ whoawp B il ;) oty
....... defo. & . cdlkid oomno l-:-q- B e S R B R e
h;dh'wj .............. :

Plemp
. ."*“l....’ R V.S LW 'y &MM?«M ........
;4%&{-...@&%3% bk eviniotmn AL
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In this response the key features of each circuit (IC2 - 1C4) are made,
and there is an understanding that, although both circuits are suitable,
circuit 1 is better. Therefore 4 marks for indicative content can be
awarded. The ideas are logically sequenced, and so 2 linkage marks are
merited, giving a total of 6 marks for the response.

s ResultsPlus
ey

Examiner Tip
Plan your response to an extended open response question so that
you are clear which points you are going to make before you start
writing your response.
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*(a) Discuss the suitability of each circuit to collect the data.

(6)

o 2er0 anot Stu ent won 't

.......................................................................... i A P s At B e R e R PR

P
m a [Wf
Using reee” D .

In this response the key features of each circuit (IC2 - IC4) are made,
and there is a clear statement of the pros and cons of each circuit in
the practical context given in the question. For this reason all 4 marks
for indicative content can be awarded. The ideas are logically
sequenced, and so 2 linkage marks are also merited, giving a total of 6
marks for the response.

Question 9 (b)(i)

This was well answered by most candidates. Some responses stopped after a calculation of
the potential difference across the 560 W resistor, so missed out on MP2.
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Question 9 (b)(ii)

Most candidates struggled with this question and only very few could follow through with a
full explanation. Often candidates said one mark from one set of MPs and another from a
different set. The idea of reduced resistance in the voltmeter circuit was seen often, however
the result of this on the rest of the circuit was poorly explained. It was often said that current
decreases in the whole circuit, but many candidates thought that the current was constant.
Basic errors in the use of terminology such as “current across” and “voltage through”
indicated that many candidates had only a weak grasp of basic circuit principles.

(ii) When a voltmeter with a resistance of 1.5k{2 is connected as shown, the p.d.
across the filament lamp decreases.

|
56002

12V
==
®

Explain why the p.d. across the filament lamp decreases.

(3)
L. RE Voltmeter 15 conne cted. . pOrGIRl,. 59, KRR res Stan.Ce. OF HHe. CrCuLE.
deCreases . VHR. So. k. cartent . U Coculb NCSOReE
LTS means. that there & an \ncreage n. Curcent. for. thé reiilter, (o ..

LA, T RN T 1o L R ———

N
\/ t{ ResultsPlus

Examiner Comments

The response clearly states that the circuit resistance decreases and so
the circuit current increases. However, there is no justification given for
the decrease in circuit resistance, so MP1 is not awarded. The response
needed to state that the resistance of the parallel combination
decreases when the voltmeter is connected.
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Question 10 (a)

This question was poorly answered, with most candidates producing rote-learned answers
about repeats and uncertainties, without addressing the specific situation. Many candidates
did score MP1 and mentioned terminal velocity, but almost none then went on to explain this
further so did not score MP2.

10 A student carried out an experiment to determine the viscosity of some honey. He filled

a tall glass cylinder with honey as shown, and timed a ball bearing as it fell through
the honey.

cylinder
rubber band
honey

ball bearing

rubber band

(a) The student placed rubber bands near the top and bottom of the cylinder. He started
a stopwatch when the ball bearing passed the first band and stopped the stopwatch
when the ball bearing passed the second band. He repeated this several times to
determine a mean time.

Criticise the student’s method.
(2)
Bl ma..*m"t\'otc teached Fareival  yeloeity ll_-) e gt band- i+ gheald be

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

% ResultsPlus
Examiner Comments

Both marking points are clearly stated, and so this response gains full
marks.
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Question 10 (b)(i)-(ii)

(b)(i)

This question was answered very well, although some candidates seemed to think that there
was an anomalous value included in the data. None of the values given in the table were far

enough away from the mean to be considered anomalous.

(b)(ii)

This question was also answered very well, although a minority of candidates did not give a

conclusion, having calculated a correct value for the viscosity.

(b) The time 7 for the sphere to fall through a distance of 25.0 cm is shown in the table.

t's

6.40

6.35

6.36

6.38

- (i) Show that the mean velocity v of the ball bearing is.about 6.04ms™".’

6L+ 6.25+6.36+56.38
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(ii) The student had three different types of honey available,
Viscosity # is given by the following expression

2r2g(p, - p,)
Oy

radius r of ball bearing = 5.50 x 10 m
density of ball bearing p, = 7750kgm™
density of honey p, = 1360kgm™

Viscosity (at 20°C)/Pas

Honey A | Honey B | Honey C

06 | 125 13.6

Deduce which honey the student used.

2 (5.5 %16 ) e TP 360)
............................... e S 3 - 0.033 T
N=410.%Fs . . S o
___________________ : *0.,-/?

ResultsPlus

Examiner Comments

The response shows a correct method for the velocity calculation, and
the answer is given to 2 sf (one more than the "show that" value). The
calculated value of velocity is used in the viscosity equation, and honey
Ais correctly selected on the basis of the viscosity value.

e N\

P
-
-

(T ResultsPlus

\_} Examiner Tip

In a "show that" question you must give your final answer to at least
one more significant figure than the value quoted in the question.
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Question 11 (a)

Most candidates scored MP1 with most of these going on to score MP2. However, a
significant proportion of responses seen demonstrated a clear lack of understanding of
potential divider circuits. A common misconception was to attempt to apply V=IR, with an
erroneous statement that the current would remain constant.

11 A student carried out an experiment to calibrate a thermistor. She connected the
thermistor in series with a resistor and a power supply as shown. Then she placed the
thermistor in a beaker of hot water and used a thermometer to record the temperature ¢

of the water.
}. - _I }______ to circuit ( thermometer
) -
B |__—water
/_\\V ) thermistor —| /beaker

The student recorded # and corresponding values of the reading V on the voltmeter as
the water cooled.

(a) Explain, making reference to charge carriers, why V increased as the water cooled.
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Examiner Comments

This response includes the key points required in the explanation, and
so all 3 marks are awarded.

(a) Explain, making reference to charge carriers, why ¥ increased as the water cooled.
7% (3)

LDJ\MM \owl 1o 'th. W\LML borl @ A

w,]{w"(hu ......... -.,... g wm,”k ,,,,,,,, mmu ....................... .tL,,/[ ...................................

foidong, Thi, oy M 'wutl

% ResultsPlus
Examiner Comments

This response refers to charge carriers moving from the conduction
band to the valence band, as did many of the responses seen. This was
taken as being equivalent to MP1. The other two points are included
and so this response scores full marks.
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Question 11 (b)(i)

Most, but by no means all, candidates were able to score MP1, but a significant minority did
not score MP2, either omitting to use the equation y = mx + c or by not explaining the link
between this and their answer to MP1.

(b) Over a limited temperature range V varies with & according to the expression
Va ot
where b and V are constants.

(i) Explain why a graph of In V' against # would give a straight line.

(AV— ( Vee ™’ )
TSEIEY 2™
bv=-t0+1 Y?.._,,_.ffffffffffff[[[.ﬁfffﬁffﬁffffﬁfﬁﬁffffffffﬁﬁf

(2)

ﬂﬂesuﬁsﬂm
Examiner Comments

There is a correct log expansion and a clear link to the equation of a
straight line.
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(b)(ii)

Despite the same mark scheme having been applied to the graph plotting question since the
beginning of this specification, many candidates did not pick up marks. This may be as a
result of the reduced classroom practice time for graph plotting as a result of the lockdowns
during the pandemic.

Most candidates were able to score MP1, but many did not record In(V/V) for MP2. Many
candidates used highly inappropriate scales, with examples of 4s, 6s or even 7.5 being used,
so did not score MP3 or MP4. There were a few candidates with plotting errors but most
scored MP4. Many candidates did not appreciate how to draw a line of best fit, with some
lines rotated, and many with three points either above or below the line.

(b)(iii)

Again, this question was quite poorly answered. Many candidates attempted to find a
gradient for MP1, although a significant minority did not recognise this, however almost no
candidates gave units to their answer for MP2. Most candidates scored MP3, but a significant
minority missed out on MP4 by omitting the units.
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(i) The student’s data is shown in the table below.

0/°C VIV m(V)v)
89.0 1.9 0. b4 g5
740 | 29 e I O P
. 53.5 49 | ). 5q
325 91 . 22
18.5 - 12.6 . 53
3.5 18.7 1.4 ) .00

Plot a graph of In ¥ against & on the grid opposite. Use the column provided to
show any processed data.

(iii) Determine values for b and V.

0=~ jo;\{ﬁ ....... e PYDE TG
g T L
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The InV values are correctly calculated to 2 decimal places, and the axis
labels follow correct connections for units. The graph scales enable just
a little more than half the available space to be used which is fine. The
plots and line of best fit are accurate.

A large triangle (at least half of the drawn line) is used to calculate the
gradient, and the intercept is read from the y-axis accurately. The value
for b is within range and correct units are included. Vj is also in range

with correct units.
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(i1) The student’s data is shown in the table below.

91°C VIV (n (V/V)

89.0 1.9 O 6477
74.0 2.9 [-0065S
53.5 4.9 [- S8Y

325 9.1 7-10%
18.5 26 | 72-9S3Y

3.5 18.7 7929

Plot a graph of In V against & on the grid opposite. Use the column provided to
show any processed data.

(iii) Determine values for b and V.
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The InV values are correctly calculated to 3 decimal places, and the axis
labels follow correct connections for units. The graph grid has been
rotated to make better use of the space available, and the plots and
line of best fit are accurate.

A large triangle (at least half of the drawn line) is used to calculate the
gradient, and the intercept is read from the y-axis accurately. The value
for b is within range and correct units are included. Vj is also in range

with correct units.

T4\ ResultsPlus
o\

Examiner Tip
Rotate the graph grid as it enables a more efficient use of the available
space.
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Question 12 (a)(i)

This was well answered, although a worrying minority of candidates either did not know the
numbers for a beta particle or struggled with applying the minus sign in the bottom line.

Question 12 (a)(ii)

Most candidates scored full marks here with a good understanding of lambda, and the decay
equation. Many candidates insisted on using seconds instead of years so gave themselves
extra work, but still were able to find the right answer. A few candidates missed out the
factor of 5000.

(i1) An activity of 2.35 x 10" Bq per m’ of water in the reservoir was measured.

It is suggested that a safe level for the activity of all in the reservoir would
be 100 Bq.

Calculate the time in years for the caesium-137 to decay to a safe level.

volume of water in reservoir = 5000 m?
half-life of caesium-137 = 30 years

(4)
235 x18" = swee =2 | 1S x10'° R,
>\ = l"l < o~y
-
LAz pAe TS
o s
oo = (f *H“xnﬂ"*) e 3%
oo
- P
~1a (\ e mﬂ_) --\‘-‘-'\é-;------t: .................................................................................. 3.
_-J' 4::. = IH—C.'.)’-—"\L'-*'
Time=_ .| Y49 .. ... years

I\

y &{ ResultsPlus
/'--. Examiner Comments

The decay constant is calculated in year™!, which is fine as the final

answer is required in years. The 5000 m?3 is used, and the final answer
is correct.
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(ii) An activity of 2.35 x 10'? Bq per m® of water in the reservoir was measured.
It is suggested that a safe level for the activity of all water in the reservoir would
be 100 Bq. '

Calculate the time in years for the caesium-137 to decay to a safe level.

volume of water in reservoir = 5000 m*
half-life of caesium-137 = 30 years

4)

00 M ¥ 365 Time= \WOD o it

=2 401 (331[%.

N\

ig ResultsPlus
Examiner Comments

The decay constant is calculated in s™1. Although correct, this was not
absolutely necessary. As the time elapsed is required in years, a
conversion from s to year is required at the end of the calculation. This
is done correctly here, although some candidates who did this made
arithmetic errors in their unit conversions.

Q‘) ResultsPlus

Examiner Tip

If the equation A = AN is used, A must be in s, Otherwise, A and t just
need to be in complementary units.
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Question 12 (b)

Most candidates did well here but many were tripped up at one stage or another.
Surprisingly few candidates used the concept of half-life, with most using the decay
equations. Many candidates missed MP3. MP4 was well understood. Some candidates tried
to work backwards to find N, or even T and these were, in general, less successful.
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(b) The most common radionuclide amongst the fission products in the fuel was
iodine-131, which decays with a half-life of 8.0 days to form a stable isotope of the
gas xenon,

Deduce whether enough xenon would have collected in 32 days to exert a pressure
of 1.0 x 10° Pa in a volume of 450m®. Assume that no gas escapes.

temperature = 20°C
initial number of iodine nuclei = 1.25 x 10*

(6)

.......kx.nzqs,,...,,..f.;., ‘“2"’“0 rew&

1178 Xio>" ¥ 1112907

fo  Sufaet M Otoal of Xewn predco

22 duys.
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This response scores all 6 marks. The number of molecules required to
give the required pressure is compared with the actual number of
molecules in the gas. The number of unstable nuclei remaining has
been subtracted from the initial number of unstable nuclei to give a
correct value for the number of molecules in the gas.

57 GCE Physics 9PHO 03



Question 12 (c)

Candidates found it hard to recognise SHM here, with many attempting to use s = v t. Those
that did attempt the question normally scored marks, with MP1, MP3, MP4, and MP5 being
awarded regularly. MP2 was poorly completed with most candidates not recognising the
need for multiple cycles when using real world data. Most candidates wrote good
conclusions as part of MP5.
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(c) Buildings in nearby Tohoku University suffered structural damage during the
2011 earthquake.

The graph shows how the acceleration of one of the buildings, measured on the
9th floor, varied with time during the earthquake.

10

I{ 1 1 I
|
5
a/ms™ . i ! - ,uf N~
-5 -
_10 Il T I:
80 82 , 84 86 88 &1 90
1 t/'s

(Source: https://www.sciencedirect.com/science/article/pii/S0038080612001035)

At the time it was reported that during the earthquake the 9th floor of the building
displaced by more than 30cm from its normal position.

Assess the accuracy of this report.

................. MAX. . Amplitvde mnar.receraed tobe ...
.............. Ovelr 300N LO.10CRANE 1. ALCCULALC,.DULM0LL ...
................. Of.1N€.11/Me. 11 WATIMYCLEr7.1Ha0.700M......
.................... TN.ONly. Qexvhe OCCured [7.a 11 [Atelad.......
LALra Likely foc.encigy to.be. o1l LA mﬁ/y
b ViLding 10 may.nol e 20em in. a.ctval ﬂt(i :
ﬁw 2. £00M.FON.data, maynet have. aup/z?(:a’
fg ! afl. (Total for Question 12 = 17 marks)
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This response works through all the steps correctly to arrive at a
correct conclusion. Since the value calculated for the amplitude is close
to 30 cm, the conclusion is cautious, but it is clear that a valid
conclusion based on the data has been drawn.
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(c) Buildings in nearby Tohoku University suffered structural damage during the
2011 earthquake.

The graph shows how the acceleration of one of the buildings, measured on the
9th floor, varied with time during the earthquake.

10 - _i | L ]II
ST dEaa
5 | 1 1 1 | 1]
a/ms™ 5 "ﬁ: A ANHHH 4
-5 HHH St 1y ’
| iS=s !
-10 ' l -
80 82 84 86 88 90
tl's

(Source: https://www.sciencedirect.com/science/article/pii/S0038080612001035)

At the time it was reported that during the earthquake the 9th floor of the building
displaced by more than 30 cm from its normal position.

Assess the accuracy of this report.

vk e vl oy vy Qo W& S0 for Ouestion 12 = 17 marks)
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Examiner Comments
In this response the calculated value of the amplitude is less than 30
cm. This is not a problem, as the correct conclusion is drawn, based on
the calculated data.
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Question 13 (a)

Most candidates correctly applied ideas of standing waves here but there was too much
reliance on rote learning and not enough application to the question. MP1 was often not
awarded. Many candidates did not use the word "superpose" and so missed MP2. Most
candidates scored MP3, but a significant minority did not describe a maximum
amplitude/displacement.

13 A student used a sonometer to investigate the properties of a stretched wire.
The sonometer is a long hollow wooden box.

A steel wire is attached to one end of the box and rests on two wooden bridges.
The wire is placed under tension 7' by hanging a mass from the end of the wire,
as shown.

wooden bridges

The student placed the base of a vibrating tuning fork in contact with the wire, at one
of the bridges. This set the wire into oscillation. He adjusted the position of the other
bridge until a single-loop standing wave was produced on the wire between the bridges.

(a) Explain how an antinode is produced at the mid-point of the wire between
the bridges.

............. mm,ﬁom e (5 refedd Wﬁn&W;

......... Pm;a&uos dad g, Mk in pkade, Oud. summfa
B &m«ﬁ e ONnk_ ok e oah-agde 15wt

. ﬁ’{um....a ....... ot 2% W‘tMaf'fA ................................
Ol (nShrughve Mbsueste alée rubess ploce. .
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The key features of the explanation are included. The references to
nodes and antinodes are correct, but not necessary for marks to be
awarded.

(a) Explain how an antinode is produced at the mid-point of the wire between
the bridges.
(3)

baves. ore...ceftected.. G the. aher bridgs  end inferre
m“mﬂa&mﬁﬂah&w«qusm\ms

@Fﬂ'fcxﬁ& betausk. ... H‘L\S S . pzlﬂﬁ & mﬁMﬁMSP’**f‘E
S Ve addibon dd? e dn‘:p&zamem‘s ond e,

wp)” "'WEJZ ...................... fprnba c.sz
N

ﬂ/ ResultsPlus
/--.. Examiner Comments

This response includes the key elements of the explanation. There is
no specific reference to the mid-point of the wire, but since this is
specified in the question this detail can be assumed.

Question 13 (b)(i)

Most candidates scored a mark here. Those that did not typically described keeping feet safe
without giving an example of how to do it e.g. no mention of a landing pad.
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Question 13 (b)(ii)

Most candidates scored well here, however a significant minority did not use that A = 2L.
Some tried to work backwards but this was generally less successful.

(i1) The student plotted a graph of L? against 1/f2,

Show that the gradient of this graph is equal to 41
]

ﬁ 3)

-
N
i
;N
:1'

»

' g

i~
1

whea el ¢‘N3h3=mx*t He e.q_u.ﬂ.ko"uﬁm

AN

~ < ResultsPlus

/--.. Examiner Comments

This response sets out the algebra clearly so that the progression is
clear.

-~ 4 \ ResultsPlus
\

) Examiner Tip

Set your work out clearly when problem solving and re-arranging
equations.
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(ii) The student plotted a graph of L? against 1/f2. o SR 5"“&?‘5 H"-J LR

Show that the gradient of this graph is equal to :;1':—
u
(3)

N

N { ResultsPlus
/--.. Examiner Comments

In this response specific reference to the equation of a straight line is
made, although this was not strictly required here.

Question 13 (b)(iii)

Most candidates scored well here. MP1 was largely good, although a significant minority did
not read the scales correctly when calculating the gradient. Some candidates omitted to
calculate tension for MP2, and a few candidates forgot to say "SWG 24" for MP4,
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(iii) The student’s graph is shown below.
0.05

0.04

0.03

L/m?

0.02

0.01

anr «

|-

o.w - 1.1 .
0.0 2.0 4.0 6.0 8.0 10,0 12.0 14.0

1/f2/107%s?

The value of fordlffmntmdltdmgauge(SWG) steel wire is shown in
the table.

SWG

ulgm™

22

* 218

24

1.95

26

131

Dodwewhichwimﬂlemdmtusodinﬂwénvesﬁpﬁm
o i T‘

L)

b dewy 4 495
A 50 ?‘-r)vCrl—m.

.....'.jjjfjﬁﬁj.‘..jji (.78 m y, 3

154”0
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This response is typical of many that were seen. There is a

determination of the gradient and a calculation of the mass per unit
length together with a correct selection of the likely swg so full marks

gained.
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(iii) The student’s graph is shown below.
0.05

0.04

0.03

L_’_f m?

0.02

0.01

1111
11}

I
[

0.00

8.0 10.0 12.0 14.0
1/£2/10°6s? | 4

The value of g for different standard wire gauge (SWG) steel wire is shown in
the table.

0.0 2.0

-6

4.0 6.0

SWG u/gm™

22

3.15

24

1.95

26

1.31

Deduce which wire the student used in the investigation.
4
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This response shows a correct gradient determination and a calculated
value of the mass per unit length of the wire that is correct. The
difference between this calculated value and the nearest value in the
data table is calculated, although this wasn't necessary to make a
correct conclusion. The response scores full marks.
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Question 13 (c)(i)

Most candidates scored MP1 here, but few managed to address the "explain" in the question
for MP2.

(c) The student then found a value of 4 for a brass wire, using a different method.
(i) He measured the diameter d of the wire using a micrometer.

Explain one technique the student should use when measuring d.
(2)

MW}JMM&{&A//‘MJ#K!WMJ

posines alog Mo wive ast picd avinge. for o ).

V‘QG[WQ/FC‘%/(MG[MWan@%U O RS AAC

'ﬁu(ff-ccanGO'L(mNMQ P A
reduces oner sy,

AN

~ < ResultsPlus

/--.. Examiner Comments

The standard response of taking multiple readings in different
positions / orientations along the wire scores MP1 here. The reference

to inconsistencies in the diameter is accepted as being equivalent to
the statement that the wire diameter may not be uniform.

4 J

(c) The student then found a value of u for a brass wire, using a different method.
(i) He measured the diameter d of the wire using a micrometer.

Explain one technique the student should use when measuring d.
(2)

e O AR OS. AP 0N, 0L AMENCA. ok SOMe. Paunky. adsty IR

AN
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MP1 is clearly met. The reference to the wire being uneven at some
points along the wire is just enough for MP2.
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Question 13 (c)(ii)

This was well answered by some candidates, who used % uncertainties well. These
candidates tended to score full marks. However, several candidates did not use the mean to
find the % uncertainty in d. MP2 was very well answered, and most candidates scoring MP2
also scored MP3 and MP4. Some candidates attempted to work backwards from the stated
value of m to find density. This method often missed out on a number of marks, as
candidates only used the uncertainty in density. A significant minority did not score MP5. A
minority of candidates attempted no error analysis although a worrying few tried to use the
volume of a sphere.
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(ii) The student obtained the following data.

d/mm

0.55

0.59

0.57

0.58

The stated value of 4 for the brass wire used by the student was

2.14 x 10 kgm"".

Deduce whether the student’s data supports this value for .
density of brass = 8700kgm™ + 200kgm™

- L

(6)
0.5%x5 > - 0. 55 smicsd)

PR THE Z, ....................................................................................................

0 dedo sonpato po= U lbn(O™ =
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(Total for Question 13 =19 marks)



N
\( { ResultsPlus

Examiner Comments
This response shows good understanding of uncertainties and how
they combine when multiple quantities are used to calculate a final
value. The response scores full marks.
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Paper Summary

Based on their performance on this paper, candidates should:

e ensure they have a thorough knowledge of the physics content of the whole specification.

e be ready to apply their knowledge of core practicals and general techniques to questions
testing their indirect practical skills.

e read each question carefully, and answer what is asked. Show all workings in calculations.

For extended writing questions:

e make a note of the marks available and include that number of different physics points in
their response.

e try to base the answer around a specific equation or principle.

e formulate a response that is consistent with the command word used in the question.
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Grade boundaries

Grade boundaries for this, and all other papers, can be found on the website on this link:

https://qualifications.pearson.com/en/support/support-topics/results-certification/grade-
boundaries.html
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