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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 employed including multiple choice, questions requiring a
short explanation, calculations and 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 questions were set in a context eg question 11 was about an induction hob.

Almost all candidates demonstrated some sound algebraic skills. Most candidates could
substitute the relevant numerical values into an equation and rearrange it successfully. Many
of the calculations on this paper required at least two stages and many candidates
responded to these well. There was good evidence for this in questions 13(a), 14(a)(i) and
16(b).

Question 17(a) was a demanding projectile question and many candidates showed an
excellent understanding of this topic with the use of three separate equations to construct a
well-sequenced answer and conclusion.

In previous years there has been inconsistent approaches to significant figures. This was
much improved this year and most candidates retained the number of significant figures
given in the question.

The indicative content question was about a d.c. motor. This was well-answered by many
candidates and it demonstrated good written communication skills.

Question 17(b)(ii) exposed an area of the specification which was generally less understood.
The question required the completion of a vector diagram. Similar questions have been set
before but could be answered using a mathematical approach or a vector diagram. This
question specified a vector diagram. Although a small minority of candidates were able to
complete the diagram satisfactorily, many had little idea of how to begin. The most common
answer was to draw a single line to represent two separate vectors. The front of the paper
had specified a protractor. Candidates were required to use the protractor in this question
and the evidence suggested most had a protractor.

Question 18 included a spreadsheet model. The question didn't require specific spreadsheet
skills. Scenarios in physics which involve a change in a quantity with time can be modelled
using a spreadsheet. This can be a useful additional way to look at a topic.
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Question 11 (a)

This question was about the application of Faraday's law. The use of the word "induction" in
the stem of the question was a strong hint. Although the majority of candidates recognised
that the question was about Faraday's law, a significant number missed the point and talked
about heating in general terms or in relation to electrical heating.

Those candidates that did attempt to apply Faraday's law didn't always apply it to the context
described in the question. Several answers described the changing magnetic field produced
by the coil but didn't go on to discuss the effect of this field on the steel pan.
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This answer is an example of not recognising the application of
Faraday's law.

The word "induction" was provided as a strong hint.
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This answer recognised the hint in the question and wrote down "emf
induced". It does not point out that the relevant induced emf will be in
the steel pan. It then describes an electric field rather than a magnetic
field.

Induction is a term used in relation to changing magnetic fields.
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This is a good answer. It describes the changing magnetic field
"cutting" the steel pan and understands the idea of "linkage". It
recognises that the induced emf will be in the steel pan and
consequently a current for full credit.
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Question 11 (b)

This part of the question was connected to Q11(a). A higher frequency will lead to a higher
rate of change of magnetic field. This will lead to a larger value of induced emf and current in
the pan.

A number of answers associated the higher frequency with a faster
rate of thermal energy transfer.

A number of answers referred to an increase in the rate of thermal
energy transfer.
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This answer gets full credit. It refers to a higher rate of change of
magnetic flux (or field) leading to an increase in induced emf.

Note that a complete explanation included an increase in current.
Either reference to current or emf was acceptable for the second mark
point.
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Question 12 (a)

The first part of this question examined what is meant by a vector quantity. This was
well-answered by almost all candidates.

The most typical correct answer.
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Question 12 (b)

Most candidates knew the appropriate equation to quote and often defined the symbols.

Many answers incorrectly discussed collisions or thought the charge
carrier density would change.

When questions ask how a quantity would change it is often a good
idea to start by quoting the relevant equation.
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A good answer for full credit.
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Question 12 (c)

This part of the question was about showing that the units on one side of the equation
should be the same as the other side. There were several ways to do this. The most
straightforward way was to substitute the units V m-1 for the electric field strength.

If candidates substituted the units N C-1 for field strength this leads to a more protracted
answer as shown by one of the examples below.

Many candidates did well with this question and those that took the longer route often did so
successfully.
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This example illustrates the most straightforward method.

A good way to approach "units" questions is to write down an equation
for the quantity being discussed. Then substitute the units as this
answer demonstrates.
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This answer illustrates how candidates could use a mix of equations
and then units.
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This answer successfully reduces the quantities to base units.

16GCE Physics 9PH0 01



This type of answer was quite common. It correctly finds the units of J
and resistivity. It doesn't state the units of E so goes no further.
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Question 13 (a)

This question examined reading a value from a log graph, using Ohm's law and
understanding potential divider circuits when one resistor is variable.

Many candidates were able to do the calculation to show that p.d. across the fixed resistor is
0.7 V at the required light intensity.

Only a small minority of candidates continued and considered whether an increase in light
intensity would keep the transistor on.

Some answers did not use the appropriate p.d. across a resistor or combination of resistors.

This response suggests there is 7 V across the fixed resistor.

Ohm's law will calculate the current if the p.d. across a resistor is
known.
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This answer shows a typical correct calculation but does not check
whether the transistor stays on if the light level increases.
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This answer is complete. A correct calculation and a reasoned
discussion about whether the transistor would stay on at higher light
intensities.
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Question 13 (b)

This question was well answered by most candidates. Answers either referred to free
electrons or charge carriers. Either was acceptable but some candidates did not emphasise
that there would be "more" free electrons.

This answer gets to the point after a while "so light levels increase so
more free electrons".

The marks were given for mixing the terms free electrons and charge
carriers.

Try to avoid "free charge carrier". A charge carrier is a free electron.
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The second mark point is dependent on the first. This answer
therefore doesn't get one mark.

A small number of answers confused this with the photoelectric effect.
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Question 14 (a)(i)

This questions involved taking moments about a point. It had the added challenge of a force
(exerted by rod Y) which was not perpendicular to a marked distance on the diagram.

Almost all candidates gained some credit by attempting to take moments about the end of
the rod.
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This answer gains the first two marks. It determines a moment of
weight around the end of the rod.
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This answer shows a fully correct approach for 4 marks.

Note the perpendicular component of force to the distance "Ysin35".
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This answer is almost correct.

It converts the mass of cable to weight but it doesn't multiply it by the
correct distance.

It does have the correct component of the force from Y and does
multiply this by the correct distance, hence 3 marks.
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Question 14 (a)(ii)

This free-body force diagram was only completed successfully by a minority of candidates.

The forces were those exerted on rod X. A number of candidates drew this force acting in the
opposite direction, or to the right rather than upper left.

The third force, from the column on X, should be in a direction to create equilibrium.

This diagram has a correct force from Y on X.

However it has two further forces from the column.

It is a good idea to label an angle with a value, as this candidate has
done, especially if you are not very good at using a protractor.
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Many answers had a vertical force from Y on X.

This diagram only just got the first mark. The angle of the force (35) to
the horizontal has been drawn with little accuracy.
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The force from Y is just about within tolerance for the first mark.

The force from the column could not produce an equilibrium.
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The angle of the force from Y is out of tolerance.

The force from the column could produce an equilibrium so gains
mark point 2.
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Question 14 (b)

This question examined whether candidates knew the mathematical relationship known as
the inverse square law.

The typical approach was to find the product E d2 for both sets of data and see if the
constant was the same.

This answer divides E by d2 rather than finds the product.
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This answer uses an inversely proportional relationship rather than an
inverse square law.

34GCE Physics 9PH0 01



This answer is fully correct and achieves all 3 marks.
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Question 15 (a)(i)

The question asked why the delta particle could be assumed to be neutral from the evidence
in the diagram.

Some candidates discussed this without any reference to the diagram.

Most candidates wrote the straightforward response "there is no track".

The two tracks curve in opposite directions. They do not move in
opposite directions. In fact, initially, they are moving in almost the
same direction.

Be careful with the wording you use to describe particle tracks.
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This answer would get the mark for both of the reasons stated.

37 GCE Physics 9PH0 01



A straightforward and correct answer.
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Question 15 (a)(ii-iii)

The most common method was to state that a proton is positive.

As the delta is neutral, charge conservations means that the pion is negative.

The same conclusion can be reached by discussing the opposite curvatures of the proton and
pion.

If the answer to Q15(a)(ii) was written in numerical form as a charge
conservation equation then the marks were awarded as long as it was
clear.

A small minority of candidates did not know the symbol for a pion (in
part (iii)).
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A good answer for both parts of the question.

Note that the p symbol for a proton does not need a plus sign. This
was not penalised.
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Question 15 (a)(iv)

This question tested whether candidates could apply conservation of baryon number.

An answer such as "the proton is a baryon so the delta must be a baryon" was too vague.
This type of answer needed to also point out that the pion is not a baryon.

This answer makes it clear that there is one baryon after the decay, so
the delta is a baryon.

A number of answers were side-tracked by explaining what the quark
structure of a baryon is.
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A small number of responses indicated that the standard model had
not been learnt.
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Question 15 (a)(v)

This question was about the application of the equation p = Bqr. The proton has a larger
radius track than the pion.

Some candidates referred to "more curved" or "less curved" but it was then easier to get the
answer the wrong way round.

An answer pointing out the equation, the larger radius track and
correct conclusion for full credit.

It is a good idea to define the other terms in the equation, B and Q, or
at least point out that they are constant.
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Without achieving mark point 1 or 2, mark point 3 could not be
awarded.

This answer also displays a misunderstanding of the role of electric
fields in particle detectors.

Some candidates incorrectly associated a less curved path with a
smaller radius.

A "flatter" curve has a large radius.
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Answers that tried to consider momentum conservation will not be
able to answer this particular question.

Momentum is conserved, the momentum of the delta will equal the
sum of the initial momentum of the proton and pion.

This doesn't help to compare the momentum of the proton and pion,
which is why a magnetic field is applied in a detector.
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Question 15 (b)(i)

Conversions from MeV/c2 to kg or vice versa are now well done by the vast majority of
candidates.

This answer appears to convert eV to J correctly. It gets into a muddle
applying m = E/c2.
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Correctly done for full credit.
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Question 15 (b)(ii)

This question examined the application of deltaE = deltamc2.

The rest mass of the delta is more than the total rest mass of the proton and pion.

The loss in mass has been converted to kinetic energy of the decay products.

Note that the delta particle would have some kinetic energy and this would also have been
passed to the decay products. This wasn't required for the marks as the question
concentrated on the mass difference.

This quotes the relevant equation. However it suggests that energy has
been converted to mass because the mass of the products is more
than the mass of the delta particle.
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This answer finally states that the mass of the decay products is less
than the delta particle.

It is often easier to use a numerical argument if available. The mass
difference is 154 MeV/c2.
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This gets most of the answer correct. However it doesn't state that the
energy will be in the form of kinetic energy of the decay particles.

Note that the candidate has written E = mc2. The "deltas" are omitted.
This wasn't penalised but the "deltas" are important and their meaning
should be understood and included.
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This answer gets across that it is a loss in mass and has some
calculations to go with it. The equation is quoted and that the mass will
become kinetic energy of the decay products.

It also discusses momentum conservation which will apply but wasn't
required in this answer.
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Question 16 (a)

The indicative content question was about a d.c. motor.

The first three indicative content points were about applying Fleming's left hand rule to this
diagram.

The fourth was for explaining that the moment of the two forces (or couple) will cause
rotation.

The last two points were for explaining the action of the split ring.
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Some candidates described the action of a dynamo rather than a
motor.
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A number of answers did not specify the direction of the current in the
coil.

This answer has the second indicative point for force on a current in a
magnetic field.

There is no attempt to explain the split ring.
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This answer has the first three indicative points.
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This is a very well-explained answer. The diagram has been added to
and labelled.

Five indicative points are present. The only one missing is the
comment about moments causing a rotation.

In questions where a diagram has been provided it is acceptable to
add to the diagram but make sure you label things clearly.
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Question 16 (b)

This question expected the use of equations with energy and power.

There was a lengthier way of finding the kinetic energy by deriving the equation for kinetic
energy from first principles.

A fully correct answer based on the use of energy equations.

When a question refers to work done, the use of an approach based
on energy is likely to be more straightforward.
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A number of answers either just calculated the energy output of the
motor (as in this case) or the kinetic energy gained.
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This answer has determined the kinetic energy of the car from first
principles.
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Many of the attempts to determine the kinetic energy from first
principles contained a mistake.

This attempt calculates the force using mg rather than ma.
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Question 16 (c)

This question was marked by using either of two approaches.

An energy approach: explaining that more energy would be transferred internally in the
battery, the battery becomes less efficient and needs to be charged more frequently.

A force/power argument: explaining that the terminal p.d. would decrease, the current would
decrease so there would be less power output or less acceleration.

This answer is close to three marks for the force/power approach.

It was expected that candidates would refer to terminal p.d. The p.d.
across the internal resistance would increase.

This answer gains mark points 2 and 3.

Use correct terminology, when discussing internal resistance of a
battery. Make sure you use "terminal potential difference" to be clear
you are describing the output or useful p.d.
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This answer used the energy approach and gains the first two mark
points for describing the increase in energy transferred within the
battery.

It then gives a good alternative answer for the third mark point: costs
more per unit of useful work transferred.
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Question 17 (a)

This question tested the candidates skills at solving a projectile problem.

There are a few different ways to approach this question but the most common way was to
determine the time of flight of the ball to the boundary.

Then to use s = ut -1/2at2 to predict the height of the ball at the boundary and decide
whether it was within range of the fielder.
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This method was relatively unusual. It determines the horizontal
distance to the ball when the height is 3m.

This gains all the marks except for the conclusion mark.

For this mark it needed to be clear that beyond the calculated distance
the height would decrease and therefore the fielder would be able to
catch it.

State the reason for your conclusion clearly.
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This shows the most common method correctly for full credit.
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This method was relatively unusual.

The time taken to reach a height of 3m is calculated using
s = ut – 1/2at2.

The time is then used to calculate the horizontal distance the ball
travels.

This conclusion is only just enough. It would have been clearer to have
said "as the ball actually travels a little further to the boundary the
fielder will be able to catch it as the ball continues to fall".
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Question 17 (b)(i-ii)

The first part of this question was to calculate the momentum of the ball after being hit
using mv.

The second part was to complete the vector diagram to determine the momentum of the bat
after the hit.

Some candidates did not appear to know how to start the question and left it blank.

Many candidates completed a triangle. Usually their third side was unlabelled.

Only a minority of candidates realised that there were two objects moving before the
collision and the same two objects were moving after the collision. These two objects, the bat
and the ball, would need two vector lines.
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A fully correct, labelled vector diagram.
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This candidate has realised there are two objects moving after the
collision.

The mistake was not to start either of their vector lines at the point
where the vector for the ball before starts.
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This answer has a small error – it is the direction of the arrow on their
p bat after vector.

However the answer satisfies all the mark scheme points to collect full
credit because their other arrow is correct.

Remember to label vectors and add the arrow.
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This is an example of completing a vector triangle. No label added.

These could usually gain 1 mark by using the scale correctly, in this
case the number in the answer line does not correspond to using the
correct scale.
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Question 18 (a)(i)

This question tested the use of the root mean square equation. A rare mistake was to forget
the unit.

Don't forget units. It especially seems to happen in very
straightforward calculations.
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This is the rms value of time period.
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Most candidates correctly determined the value and unit.

83 GCE Physics 9PH0 01



Question 18 (a)(ii)

This question was about recognising:

that the 5 in the equation was to increase the amplitude to the peak value of V.
that a sine wave normally has a period of 2pi so to convert that to a time period of 0.02 s,
50 x 2pi t as the frequency is 50 Hz or 50 x 0.02 =1.

This answer was convincing for all 3 marks.
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A good, clearly explained answer for full credit.
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A slightly different but equally convincing explanation for full credit.
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This gains the first two mark points for V max = 5 and for the idea of a
normal sin graph having a period of 2pi.

This gains the mark point only for V peak = 5V.
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Question 18 (b)(i)

This section of questions was linked to a spreadsheet.

This part examined a simple equation: Q = CV.

Candidates did have to state "where C = 0.001 F" or something similar for the second mark.
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Some candidates tried to use an exponential equation.

As cell E10 is being calculated try using your method. If it is correct it
should produce the number in cell E10.
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A basic idea of a spreadsheet is that a calculation of a cell is based on
the use of numbers from previous cells. This answer cannot be correct
as it uses a number from a cell which will be calculated after E10, ie
F10.
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A fully correct answer for 2 marks.
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The value (0.001 s) in cell B10 also looks as if it might have been used.

The equation Q = V delta t is not dimensionally correct, so this is an
error of Physics.
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Question 18 (b)(ii)

This question is similar to Q18(b)(i).

The relevant equation is I = delta Q/ delta t.

The spreadsheet accentuates the need for the correct "Q" and "t". Just Q and/or t on their
own are not correct.

As in the last question, a number of answers contained exponential
equations.

The point of using a spreadsheet is that it removes the need for
exponential equations.

Using a small enough interval of time for each row will produce an
equivalent set of values compared to using an exponential model.
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This is incorrect as the current is equal to the change in charge divided
by an interval of time.

The "deltas" are important.

Using a spreadsheet as a model for various situations in Physics is a
great way to learn and understand more detail.

d or delta was perfectly acceptable.

This candidate also explains which cells are used to calculate cell G11.
This would have been acceptable in its own right.
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Question 18 (b)(iii)

This final question on the spreadsheet examined the use of any of the "energy stored by a
capacitor" equations.

As the question asked for the maximum energy, candidates needed to look for the correct
row in the table.

The vast majority of candidates recognised this corresponded to 5 V. Some did not use the
correct "Q" ie charge on the capacitor.

This method is perfectly correct for full credit.

Most candidates quoted and used this equation. This answer is fully
correct.
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This answer uses a correct equation. But it uses an incorrect value of
charge from the spreadsheet. This value is not the maximum charge
(0.005 C) at this potential difference.
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Question 18 (c)

This final question proved challenging for many candidates.

The current and potential difference graphs both show changes in sign from + to – .

Note that although both are initially +, after 0.005 s, the pd is + but the current is – .

Power therefore changes sign and does so every quarter cycle.

Sometimes the capacitor is storing energy and sometimes it dissipates it.

Overall the two cancel and there is no net dissipation (or storing) of power in the capacitor.
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A number of answers went one step further than the example above
and went on to say that no power is dissipated by the capacitor over a
cycle. This then gained mark point 4.
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Some candidates offered answers in which they attempted to use
P = IV with a pair of corresponding values of V and I.

These answers could usually gain two marks (mark point 1 and mark
point 2).

They often involved recognising that I = 0 when V is a maximum (or
vice versa).
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Very few answers explained the situation convincingly however this
example is a very good answer.

An alternative to substituting values into P = IV for mark point 2 was to
recognise the symmetry of the graph(s).

The examiner then considered that this answer says enough about the
area above and below the line to recognise the idea of positive and
negative power.

It gained full credit.
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Paper Summary

Based on their performance on this paper, candidates should:

Remember that energy can provide an alternative approach when solving a mechanics
question.
Write down the relevant equation when carrying out a calculation and then substitute the
numerical values, before rearranging the equation.
Consider that momentum conservation questions can be solved elegantly using a labelled,
vector diagram. This method is usually quicker than a calculation.
Note that free-body force diagrams are not as straightforward as people think.
Consider that spreadsheets can be an interesting way to model a number of scenarios in
Physics.
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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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