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Introduction

This paper examined the following topics: working as a physicist, mechanics and further 
mechanics, electric circuits, electric and magnetic fields and nuclear and particle physics.

A range of question types were used including multiple choice, questions requiring a short 
explanation, calculations and at least one indicative response question worth 6 marks.

The paper had 90 marks and was allocated a time of 1 hour 45 minutes. There was little 
evidence of candidates running out of time.

Most question were set in a context, eg question 12 was about a cyclist and bicycle.

Almost all candidates demonstrated some sound algebraic skills. Most candidates could 
substitute numerical values into equations and then rearrange them. Some questions 
required graphical skills such as Q12(b)(i), Q14(b)(ii) and Q18(b)(iv). Many candidates were 
less confident using graphical skills. Candidates were confident with their use of units and 
their prefixes. There is still some confusion when dealing with significant figures. Answers 
should not be rounded off to a number of significant figures which is less than the data given 
in the question.

In previous years the indicative content question has proved challenging. The indicative 
content question, requiring an explanation of the operation of a LINAC, was well-answered by 
most candidates. The question required some extended writing. Many candidates responded 
well and demonstrated good written communication skills.

Questions make use of a command word. The most commonly used command words were 
"explain" and "calculate". It is pleasing to note that candidates are becoming familiar with 
these and consequently their performance is improving. There were few examples of 
questions being completely misinterpreted.

The front of this paper informed centres that a protractor would be required for the exam. A 
number of candidates did not appear to have brought or been given a protractor.
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Question 11 (a)

This question could be solved by either considering gain in gravitational potential energy or 
by resolving forces along the slope. Work done and power could then be calculated.

This example shows both approaches.
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The resultant force has been correctly determined down the slope. 
This gains two marks, mark point 1 and 2 on the mark scheme for 
resolving forces.

The vertical height gained per second has also been calculated. This is 
mark point 1 on the first scheme.

The formula for gravitational potential energy has been written down 
but is incorrectly used.

This answer gains 2 marks on the mark scheme for resolving forces. 
This is equal to the tractive force on the go-kart.

If candidates have used a mix of approaches, then whichever scheme 
gives the most marks is used.

This answer illustrates how candidates can confuse two correct 
methods.
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The candidate has correctly calculated the component of weight acting 
parallel to the slope. The resistive force has then been subtracted as if 
the go-kart is travelling down the slope.

The go-kart is moving up the slope with a constant velocity. The 
resultant force along the slope on the kart must therefore be zero. The 
propulsion force must equal the component of weight plus the 
resistive force.

In mechanics questions check which way the object is moving.
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This answer illustrates the energy approach to solving this problem for 
full credit.

Mechanics questions can often be solved by either a consideration of 
energy or resolving forces.
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Question 11 (b)

This questions examined the use of the equation P = I2R.

The most common errors were to substitute an incorrect power, omit the Ohms units or 
rearrange the equation incorrectly.

This is a more unusual error. The answer has been rounded off 
incorrectly.

Leave the answer to more significant figures than strictly necessary 
rather than making a mistake with the rounding.
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This correct answer shows the most common way of solving this 
problem.
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The problem can be solved in two stages as this example shows.

It is a good idea to show the substitution of data in formulas just in 
case you make a mistake in the calculation.
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Question 12 (a)

This question is about completing a free-body force diagram.

The cyclist is moving with a constant velocity so the horizontal arrows should be the same 
length (as should the vertical arrows). However, the mark scheme only required correct 
labelling of forces.

The most common error was to look at the label "friction force on rear wheel" and interpret 
that as the resistive or drag force on the bicycle. This force is the driving force.

There are two errors present.

The force downwards is not gravity, it is weight.

The force to the left is the resistive force.
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This illustrates the most common error. The resistive force to the left 
has been labelled "driving force" or similar.

A clue was in the photograph showing the cyclist moving to the right.
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This answer correctly shows all three forces.
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Question 12 (b)(i)

This question examined the ability to sketch a velocity-time graph.

Some answers showed the motion before the brakes were applied as well as the period of 
deceleration. As long as this was clearly labelled it was fully credited.

The most common error was to forget the unit 's'.

Graph axes almost always have units.
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This answer is fully correct for both marks.
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Question 12 (b)(ii)

This question could be solved in a number of different ways.

A graphical method could be employed making use of the sketch from Q12(b)(i) to calculate 
the initial velocity and acceleration.

The equations of motion could be used to calculate the initial velocity and acceleration.

An energy approach can be used along with the equation for work done.

This method appears to result in the correct answer. However, it is incorrect physics. It 
assumes the initial velocity, u, is zero which is not correct.

The use of F=ma is correct and credited.

The final answer gains a mark.
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The equation used in this answer is not given in the specification. 
However, it is used correctly and is correct physics and is therefore 
fully credited.
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This answer illustrates the energy approach.

An energy approach can be a useful alternative to some mechanics 
questions.
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This answer illustrates the most commonly seen correct approach. It 
uses two equations of motion to firstly calculate initial velocity then 
acceleration.
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Question 13

This question is sometimes referred to as a conical pendulum.

It examines circular motion equations.

A significant number of answers did not have a measured angle.
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This answer does show a calculated value of acceleration towards the 
centre of the circle. This gains mark point 4.
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This candidate has measured the correct angle between the string and 
the vertical.

They then use the angle between the string and the horizontal for their 
analysis.

This analysis is correct but predicts the angle between the string and 
the horizontal so gains 4 marks overall.

Take care with angles when resolving.
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This response is fully correct.
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Question 14 (a)(i)

This question examined f = 1/T and presented few difficulties to the vast majority of 
candidates.

This answer confuses the two pieces of data given in the question.

Omission of the unit.

Make sure your calculation answers have a unit.
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Question 14 (a)(ii)

This question examines the use of V rms = Vo/√2.

This answer has the value 2.82 V (note that the correct value to 3 
significant figures is 2.83).

The candidate has then noted that the data is given to 2 significant 
figures (4.0) and rounded off to two significant figures.

You will not be penalised for leaving an answer to too many significant 
figures, but it is good practise to round off to the same number of 
significant figures as the data supplied.
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When asked to calculate a value. You must calculate it and not leave it 
in surd form.
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Question 14 (b)(i)

This question examined the knowledge of the basic function of a diode. Many candidates 
started with "a diode lets current travel in one direction" and this was given credit. The 
candidates then had to describe how this arrangement of diodes created a direct current 
from an alternating current. Many answers failed to express this clearly and succinctly. The 
end result was often a muddle or a contradiction and difficult to award marks.

This answer does a good job of conveying the route of the current 
through D2 and back through D4. It gains mark point 2.
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This answer has marking points 1 and 3.

The discussion about the diodes themselves is not sufficient for mark 
point 2.
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This answer gains marking point 3 with a clear statement about the 
resulting direction of current from X to Y.

The discussion about the diodes is clearly presented and just sufficient 
to award mark point 2.

Make sure you do not contradict yourself. This answer keeps the 
description simple and clear.
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Question 14 (b)(ii)

This question examined capacitor discharge through a resistor. The expected method was to 
take two values of p.d. and a time difference from the discharge part of the graph and use 
the exponential discharge equation.

There is an alternate method which could be used correctly to determine C. This uses V=IR, 
Q=IT and Q=CV. It needs a clear understanding of difference in p.d. ΔV to obtain the correct 
answer.
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This answer starts well using I=V/R to predict a current.

The value of time in Q=It should be taken from the discharge section of 
the graph which has a maximum of 8 ms.

This time should then correspond to a difference in p.d. from the start 
of the discharge (4 V) to the end of the time period which would be 0.4 
V if 8 ms was chosen.

This collects mark point 1.
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This answer is fully correct.
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This answer has Vo = 3.5 V and V = 4 V which are the wrong way round. 
The initial p.d. is 4 V and the final p.d. is 3.5 V. The time difference 
between these values is 8 ms not 2 s.

However, the candidate has substituted values into the exponential 
equation and gains mark point 2.

Be clear in capacitor-resistor questions whether it is discharge or 
charge that is required.
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Question 15 (a)

The indicative content (IC) question was to explain how electrons are accelerated in a LINAC. 
There are six indicative content points (IC) and these could be expressed in a variety of ways. 
Some candidates chose to add a diagram and this was also assessed.

This candidate has used bullet points which can add clarity.
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IC1 tubes; IC2 accelerated by an electric field; IC3 between tubes.

IC5 alternating electric field and IC6 length of tubes and time are all 
present.

It is coherently communicated so this gained 3 IC marks + 2 linkage 
marks = 5 marks.
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This gains all indicative content (IC) points.

IC4 (adjacent tubes are connected to opposite terminals of a power 
supply or have opposite polarity) was frequently missed.

However, this answer has "the drift tubes are oppositely charged to the 
ones directly next to them" for IC 4.

So it gained all IC points: 4 marks + 2 linkage marks = 6 marks.

Indicative content questions have a maximum of 6 indicative content 
points.
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Question 15 (b)

This question examined specification point 136: understand why high energies are required 
to investigate the structure of nucleons.

A high-energy electron beam will have a large momentum and therefore a small de Broglie 
wavelength. The wavelength needs to be at least as small as the size of the particles that are 
to be investigated.

Many candidates confused this question. It is not about why high 
energy is required to create particles in nuclear experiments.

A number of answers suggested that opposite charged particles will 
repel when in fact they would attract.
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An answer that gains full credit.
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Question 15 (c)(i)

This question required a knowledge of base units.

A fully correct answer.
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This answer does not refer to or use base units.

Follow any instruction in the question. If it says, "with reference to...." 
make sure that this is included in your answer.
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If the answer had stated that momentum had the base units kgms-1 
then it would gain 1 mark.

This answer muddles this by also saying these base units are the units 
of energy which is incorrect.

The base units of energy are kgm2s-2.
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Question 15 (c)(ii)

This question examined conservation of momentum in two dimensions. A common mistake 
was to assume the proton was undeflected and would continue along the dotted line.

Both the electron and proton will move off at an angle to the dotted line after the collision.

This answer takes no account of the components of momentum in the 
x or y direction after the collision.
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The most common mistake was to assume the proton was travelling 
along the dotted line after the collision. This cannot be true as 
momentum in the y direction must be conserved.

This answer has correctly expressed the x direction component of the 
electron for mark point 1.

Remember the law of conservation of momentum applies in any 
direction as well as the "obvious" one.
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There were various alternative methods to solve the problem.

This fully correct answer calculates the momentum of the proton in the 
x direction after the collision. It then calculates the momentum of the 
proton in the y direction after the collision and finds the resultant 
momentum of the proton after the collision and compares with 11.9 
GeV/c.
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Question 15 (c)(iii)

An inelastic collision is one in which the total kinetic energy is not conserved.

This was given the mark but "inelastic" does not refer to momentum.

Some answers omitted "kinetic".

This was credited although it would be helpful to add the word "total".
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Question 16 (a)(i)

This question examines the application of Faraday's law of electromagnetic induction. The 
rotating magnets embedded in the plastic disk will cause a changing magnetic flux in the 
copper disc and induce an emf.

Either magnetic flux or flux linkage was accepted for mark point 1.

This answer covers both mark points.
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This answer does not mention "change" or magnetic flux for mark 
point 1.

It does not state induced emf for mark point 2.

Faraday's law is likely to be examined on this paper – make sure you 
know how to express it in words.

48GCE Physics 9PH0 01



This answer does not state change in magnetic flux or cutting magnetic 
field lines for mark point 1.

It does not state induced emf for mark point 2.
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Question 16 (a)(ii)

This question examines an understanding of Lenz's law. The copper disc will rotate in the 
same direction as the magnets. Lenz's law states that the result will be to oppose the change 
that created it. In this case the motion of the copper disc will be to try and reduce the rate of 
change in magnetic flux. It will achieve this by rotating in the same direction. If it could rotate 
in the same direction at the same rate the change in flux would become zero.

Many candidates confused the words in Lenz's law. This is a good 
example of this, "opposes the change in flux" would gain mark point 3.

This answer comes close but doesn't say which way the disc rotates. 
Note that the "force opposes the magnetic flux" rather than the 
change in magnetic flux.

It wasn't clear that the force results from a current within a magnetic 
field (mark point 2).
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This answer was judged to cover all three marking points.
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Question 16 (b)

This question examined angular velocity equations.

The angular velocity equation is incorrectly written down in this 
example.

This equation is provided at the back of the exam paper. Don't risk 
writing it down from memory unless you are certain.

Correct use of angular velocity equation in this answer.
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Question 16 (c)

The first mark scheme point was to note that the two variables are approximately 
proportional. This can be explained because if angular velocity is increased then the rate of 
change of flux will increase. This will induce a larger current within the disc and hence the 
force should increase.

This answer covers both mark point 2 and mark point 3.
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Some answers completed a numerical discussion of the relationship 
and gained one mark.
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This answer was judged to contain all four marking points for full 
credit.
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Question 17 (a)

The process of writing a nuclear equation is well understood by most candidates. There were 
very few candidates that didn't use the symbol π. A few candidates couldn't or forgot to mark 
the charge on the pion as +.

Correct for full credit.

Some candidates only started with one proton. The negative charge is 
also incorrect even from an error carried forward point of view.
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Some candidates showed all the charges on the particles which is 
sensible and helps to work out whether the charge balances for the 
whole equation.

Indicate all the charges on a nuclear equation. It helps you to check for 
conservation of charge.
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Question 17 (b)

This question examines that baryons are three quarks and mesons are a quark-antiquark 
pair.

The most common mistake was to get the pion (meson) incorrect.
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The pion (meson) is a quark-antiquark pair.

Check that the charges add up. In this case to +1.
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Question 17 (c)

This question examined the conversion between eV and kg. This specification point is now 
well-understood by the vast majority of candidates.

This gains mark point 1 for converting eV to J.

Completely correct for full marks.
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This gained mark point 2 for attempting to convert J to kg by dividing 
by c2.
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Question 17 (d)

This question examined the mass-energy conservation principle and the ability to discuss it 
using quantities measured in eV and eV/c2. There were two aspects to this question.

Applying mass-energy conservation, the extra mass after the collision is the pion which has a 
mass of 140 MeV/c2. This extra mass will require the initial proton to have a kinetic energy of 
140 MeV.

However, momentum conservation tells us that as the initial moving proton has momentum 
so the three particles must have momentum after. As they have momentum, they must also 
have kinetic energy. If the initial proton had just 140 MeV of energy, then all of it would be 
required to create the pion and the resulting three particles would have no kinetic energy. 
These three particles must have some kinetic energy so more than 140 MeV is required.
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This gains mark point 1 and mark point 3.
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This gains mark point 3 and 4.

The question said using conservation of momentum (which is clearly 
discussed in this answer) and energy.

It would be worth making two subtitles: momentum and energy to 
ensure both are fully discussed.
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This muddle discussing energy in MeV/c2 and mass in MeV was 
common.
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This answer gains marking points 1, 3 and 4.
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This answer gains full credit.
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Question 18 (a)

This question examined the use of the resistivity equation for a conductor with rectangular 
cross-sectional area.

This answer assumes the cross-sectional area is a circle but still gets 
mark point 2.
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This answer omits the units so loses the final mark point.

Don't forget numerical answers will have units.
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A fully correct answer.
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Question 18 (b)(i)-(ii)

Q18(b)(i) examines the idea that the p.d. along a length of conductor is proportional to the 
length along it.

Q18(b)(ii) examines the analysis of a series circuit.
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This answer gains full credit for Q18(b)(i) and Q18(b)(ii). The method 
employed in Q18(b)(ii) is to determine the current and apply V=I R to 
calculate the resistance.
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Q18(b)(i) This answer was seen a number of times with slight 
variations. The candidate has approximated the position of the divider 
as half way rather than using the lengths given in the question. This 
normally leads to an answer of 10 V. This answer further confuses the 
points and the potential differences.

In a "show that" question your answer will round off to the value given 
in the question. If your answer is equal to the "show that" value, then 
something is wrong.
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Q18(b)(i) is an unusual approach but is correct.

In Q18(b)(ii) the potential difference (12 – 9.6) across R is found for 
mark point 1. There are then two mistakes with the ratio of p.d.s to the 
ratio of resistances.

Mistake 1. The ratio is inverted incorrectly: the (12 – 9.6) should 
correspond to R(2) rather than R1 + R2.

Mistake 2. The 12 V must correspond to the total series resistance 
which is 12000 Ω + R.

Be clear to use the potential difference and corresponding resistance.
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Question 18 (b)(iii)

This question examines the concept of internal resistance of a battery and the use of 
associated terms such as terminal potential difference.

This answer gains mark point 1 and mark point 2.
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This gains mark point 1. Had the equation been rearranged so it was 
clear that V (the terminal potential difference) was being referred to, it 
would have been awarded mark point 3.

All points made so full credit awarded.
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This gains mark point 1. The "output voltage" is not enough for mark 
point 3.

Use technical terminology, in this case "terminal potential difference", 
as it is defined in the specification.
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Question 18 (b)(iv)

This question examined features of a distance-time graph. The gradient of this graph gave 
the velocity at that particular moment.
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This is an attempt to find an average gradient (velocity) for the whole 
time period. It was given mark point 3.

Remember the gradient of the tangent on a distance-time graph gives 
velocity.
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This answer gains full credit.

Note that in a deduce question you should compare your answer with 
the one given in the question.
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This answer attempts to calculate various gradients (mark point 3) 
without using a tangent. Because there is a choice of answers for the 
maximum velocity, mark point 4 cannot be awarded.
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Paper Summary

Based on their performance on this paper, candidates should:

improve on their graphical skills, such as how to use a tangent to find a gradient at a 
particular time.
remember that energy can often be used as an alternative approach to solving mechanics 
questions.
improve their understanding of Lenz's law. It appeared to have been rote learnt but not 
necessarily understood.
not round off answers unnecessarily to one significant figure.
distinguish and be able to discuss energy measured in eV and mass measured in eV/c2.
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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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