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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.

This response gains MP1 but makes no mention of the need to include 
raw data in the data table.
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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.

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.

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.

Always relate your response to the context given in the question.
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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.

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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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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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.

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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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.

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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This response deals with the key aspects of the procedure well and 
gains all 5 marks.
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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.
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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.

17 GCE Physics 9PH0 03



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.

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

Substitute numerical values before rearranging an equation.
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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.

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.
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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.

Show your working clearly in all calculations.
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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.

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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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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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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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.

This response says enough for both marks to be awarded.

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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In this response the key features of each circuit (IC2 – IC4) 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.

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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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.

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.

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.
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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 
A is correctly selected on the basis of the viscosity value.

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

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.

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

45 GCE Physics 9PH0 03



Question 11 (b)(ii-iii)

(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 ln(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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The lnV 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. V0 is also in range 
with correct units.
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The lnV 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. V0 is also in range 
with correct units.

Rotate the graph grid as it enables a more efficient use of the available 
space.

52GCE Physics 9PH0 03



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.

The decay constant is calculated in year-1, which is fine as the final 
answer is required in years. The 5000 m3 is used, and the final answer 
is correct.
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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.

If the equation A = λN is used, λ must be in s-1. Otherwise, λ 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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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.
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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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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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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.
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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.

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 λ = 2L. 
Some tried to work backwards but this was generally less successful.

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

Set your work out clearly when problem solving and re-arranging 
equations.

65 GCE Physics 9PH0 03



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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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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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.

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.

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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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.

74GCE Physics 9PH0 03



Paper Summary

Based on their performance on this paper, candidates should:

ensure they have a thorough knowledge of the physics content of the whole specification.
be ready to apply their knowledge of core practicals and general techniques to questions 
testing their indirect practical skills.
read each question carefully, and answer what is asked. Show all workings in calculations.

For extended writing questions:

make a note of the marks available and include that number of different physics points in 
their response.
try to base the answer around a specific equation or principle.
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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