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Introduction
This paper was generally well answered with candidates able to attempt all question parts 
and demonstrate a good understanding of the physics that was being tested. All of the 
question parts were accessible to the majority of candidates and all of the marks were 
awarded to some candidates. There were a number of question parts that were more 
challenging and these provided good discrimination across the paper.

For question 5 candidates chose the answers that had s-1 in the unit presumably because 
that implies a rate. For question 7 the common wrong answers involved a subtraction, 
probably based on the tension and weight being in opposite directions. For question 8 all 
three wrong answers were equally chosen. This was a calculation that candidates did not 
need to actually work out. If candidates substituted into a = Ee/m and considered the 
powers of ten, it could only be answer D. For question 9 although energy is mentioned in 
A and B, there is no indication that all of the mass becomes energy so they are wrong. For 
question 10 although the LHC does allow protons to collide and the annihilation of protons 
and antiprotons, these collisions can occur at lower energies.
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Question 11
This was a straightforward question at the start of the paper with 60% of candidates scoring 
all three marks and most candidates achieving some credit. Mistakes were more often 
made with the identification of current direction, the issue of electron flow and conventional 
current causing this problem. Candidates who thought that the current was in the reverse 
direction could still score the marks in (b) if their answer was consistent with their current 
direction. Descriptions of Fleming's left hand rule were not required but some candidates 
who wrote a correct description went on to get the direction of the field wrong.

This scored full marks with the marks for (a) being scored for the first 
five words. The explanation was perfectly correct but was not needed.

Examiner Comments

Notice the command words. State means that you do not have to write 
much and do not need to explain. All that was needed for the marks was 
the idea that the field was perpendicular to the field for one mark and into 
the page for the second mark. The answer written here would have been 
expected if the question has said 'state and explain...’

Examiner Tip
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This candidate had the current in the correct direction but did not 
apply Fleming's left hand rule correctly. Question (b) scored 1 
mark for the idea that fields are perpendicular to both current and 
direction of motion.

Examiner Comments
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Question 12 (a)
It is very pleasing to note that 94 % of the candidates were able to identify the π- pion 
correctly.

Question 12 (b)
This is a standard unit conversion that continues to prove challenging for less successful 
candidates. The common errors are to fail to square the value c, to divide and later multiply 
by c2 and to divide by e and multiply by c2. In addition there is also the issue of unit 
conversion.

This was an example of a correct answer that scored 
3 marks

Examiner Comments
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The candidate has wrongly multiplied by c2 and, although it was not stated, 
multiplied by e so this scored zero.

Examiner Comments

Be careful setting out calculations and do not write down as equal two numbers 
which obviously are not equal.

Examiner Tip
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Question 13
This question started with a calculation in (a) and then went on to a description about the 
effect of changing a variable. 28% of candidates scored all 6 marks but the most common 
score was 4, with 2 marks lost in either part (a) or (b). The most common error in (a) 
was to omit 'g' when calculating the frictional force, so losing 2 marks. For less successful 
candidates marks were also lost due to poor rearranging of equations. For less successful 
candidates, it is better to substitute first and then rearrange, they will then get credit for 
substituting into a correct equation. If they substitute into an incorrect equation they will 
not score marks. A small number of candidates calculated the frictional force and then 
subtracted it from the weight and used that value in subsequent calculations. There were 
many well-argued answers for (b) showing a clear understanding that the time period was 
independent of the mass. However a significant number of answers thought that the time 
was different with the answers based on just considering the frictional force.

A well laid out answer that scored full marks. The use of words to explain the 
calculation enable an examiner to follow the workings.

Examiner Comments
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This was an example of the common wrong answer where the frictional force 
was written as 0.35 x 20 = 7N. If candidates are encouraged to use quantity 
algebra (as in the MS) where each quantity is written as a number and unit, this 
mistake might not have been made, i.e. F = 0.35 x 20 kg x 9.81 m s-2 = 68.7 N. 
If the candidate in this example had written kg, they might have thought twice 
about their answer.

For (b) another common wrong answer where the candidate only considers the 
frictional force.

Examiner Comments
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Question 14
This question discriminated well with most candidates being able to state that momentum 
was conserved in this situation. The less successful candidates who just quoted the 
conservation of momentum without applying it did not score any marks. Most candidates 
were able to explain that the fuel tank moved away from the probe. However most 
candidates ignored the stem which told them clearly that the probe was moving, instead 
assuming that the initial momentum was zero. The majority of candidates attributed 
the increase in speed of the probe due to a reduction in its mass. Hardly any candidates 
appreciated that there were equal but opposite changes in momentum so only 2% of 
candidates scored full marks for this question. In general candidates had more difficulty 
in applying conservation of energy. Many focussed on kinetic energy not being conserved, 
some thought kinetic energy was conserved by treating it as a vector and some candidates 
thought that kinetic energy was converted to chemical energy, for the explosion to occur. In 
general there was a great deal of confusion between total energy kinetic energy and elastic 
and inelastic collisions. The most common score for the question was 3 marks.
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This was an example that scored 5 marks, just losing the mark for equal changes in 
momentum. In line 8 of the answer, we accepted that the 'it' is the probe although it 
would have been better if the word probe had been used there. There was no credit 
given for the equations since the terms were not defined but the words of the answer 
were clear enough for 5 marks to be awarded. 

Examiner Comments

In a descriptive answer remember to define all symbols used. Also be careful in a 
long sentence to be sure that the subject of the sentence is clear to an examiner.

Examiner Tip
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This was an example of where the candidate has ignored the probe moving 
in space. This also showed the confusion over energy because it stated that 
it was an inelastic collision so energy was not conserved.

Examiner Comments
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Question 15
This question was marked as a single clip so there are only statistics for the question as 
a whole and not the individual sections. 60% of candidates scored in the range of 5 to 8 
marks of the possible 12 with some candidates scoring all of the possible totals.(a) Many 
candidates were caught out by the charges being written on the plates of the capacitor and 
so they used 6.6 µC instead of 3.3 µC. This meant a loss of 2 marks in this section.

(b) A lot of the candidates were able to manipulate the exponential equation but a common 
wrong error was to find the time for the charge to fall to 80% of its initial value instead of 
the 20% required. Another 2 mark loss. Careful reading of the question is needed. The less 
successful candidates do struggle with the exponential equation and continue to confuse the 
symbol C for coulombs and the symbol C for capacitance.

(c) This was generally poorly answered with candidates struggling to explain and be 
confident in terms of what had changed. Many candidates chose to use W= QV/2 which is 
perhaps the easier equation to work with. However they assumed that V remained constant 
and argued that the times would be equal. Candidates who chose to use W = Q2 /2C did 
have only one variable to deal with but struggled to explain the significance of halving a 
term that is squared.Other candidates went for the scatter gun approach, i.e. write down 
every equation that relates to capacitors and energy and hope for the best. This did not get 
any credit.

(d) The question asked for the advantages of the data logger to record the results. 
Therefore the fact that the computer could draw a graph had nothing to do with recording 
the results and so was not credited. Answers to questions about data loggers must answer 
the question asked and relate to the specific experiment. Human reaction time is not an 
issue in this experiment since you are not regularly starting and stopping a stopwatch. That 
would be an issue in an oscillation type experiment. The one advantage of data loggers 
that does apply to all experiments is that there is an increased rate of taking readings. 
Just saying a data logger can take lots of results is not enough. In this capacitor discharge 
experiment it is the taking of synchronous readings that is the advantage. No credit is given 
for general statements such as more accurate, more precise, etc.



14 GCE Physics 6PH04 01 



GCE Physics 6PH04 01 15

The common wrong answer for (a) where double charge has been used, 
2 marks awarded. (b) is correct for all 3 marks, finding the time when the 
charge is 20% of its original value.

Examiner Comments

Remember that when there is a charge Q on a capacitor, it means +Q on 
one plate and -Q on the other plate.

Read the question; the exponential equation gives you how much charge 
is on the capacitor after a certain time. The question asked for how long 
for the capacitor to lose 80% of its charge, i.e. it has 20% left.

Examiner Tip

(c) A clear answer that scored 3 marks.

(d) 1 mark awarded for the recording results at very small intervals

Examiner Comments
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No marks awarded for (c), many candidates did not know how to approach this 
question part.

(d) A mark was given for the idea that two people are needed for the stopwatch and 
voltmeter; it conveys the right idea about synchronous readings.

Examiner Comments
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Question 16 (a)
This is a standard definition which all candidates are capable of learning. All of the reasons 
why candidates did not score both marks were seen; produced not induced, voltage or 
current instead of e.m.f, no indication of rate or time, just writing the equation without 
defining symbols and woolly answers relating to a conductor's movement and magnetic 
fields. 53% scored 2 marks, 30% scored 1 mark and 17% scored 0.

This was a model answer which scored 2 marks.
Examiner Comments

Learn your definitions.

Examiner Tip

This response was awarded 1 mark for induced 
e.m.f. but no indication of rate or time.

Examiner Comments

Learn your definitions.
Examiner Tip
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No induced mentioned so 1 mark for the rate of 
change of flux linkage.

Examiner Comments

Learn your definitions.
Examiner Tip
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Question 16 (b)
Candidates need to read the question and answer accordingly. The defintion in (a) clued 
candidates into the question being about electromagnetic induction which meant we had 
lots of flux cutting. What the examiners were looking for was that the copper, which wasn't 
moving, was in a changing magnetic field. The majority of candidates focussed on the 
direction change of motion altering the direction change of the current as the reason for the 
a.c. Hardly any candidates referred to the magnitude of the e.m.f./current depending on the 
speed of the magnet or the rate of change of flux linkage, so MP4 was hardly ever awarded.

The decision was made that, for this paper, we would not insist on the closed loop (hence it 
is in brackets on the MS) but in future exams it could be expected. This meant that 2 and 3 
were the most commonly awarded marks with only 3% scoring all 4 marks.

An example that scored 3 marks, no reference to the magnitude of the e.m.f.
Examiner Comments
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The copper will produce a magnetic field when there is a current flowing but not 
initially. There was enough in the answer to be able to award MP1. Induced current 
was not a replacement for induced e.m.f and also the answer referenced to Lenz's 
law but did not say what that meant in terms of current direction. This scored 
1 mark.

Examiner Comments



GCE Physics 6PH04 01 21

This scored 2 marks for the induced e.m.f. and the opposite directions.

Examiner Comments
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Question 16 (c)
There was a noticeable difference between the candidates who understood the relationship 
between flux density and flux linkage and those who didn't. The latter either dividing the 
flux density by the area or leaving the area out entirely and thinking that the rate of change 
of flux density was the induced e.m.f. itself. Candidates who understood the relationship 
could do the calculation easily and so the most common marks were 4 or 0. For those in 
between, a frequent error was to use circumference instead of area. Also candidates do not 
seem to bother about ridiculous answers; 66 000 A was seen. A good exam technique is to 
take time to assess an answer and if ridiculous look for an error that caused it. 

This was a model answer which was clearly laid out and scored 4 marks.
Examiner Comments

An example where rate of change of flux density was assumed to be the e.m.f. This 
scored 0 marks.

Examiner Comments

Look at the marks, a 4 mark calculation will have at least two steps. This answer as 
written could not possibly be worth 4 marks.

Examiner Tip
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This candidate found a circumference instead of an area. This scored MP3 for the 
use of V =IR since the candidate used a calculated value of V.

Examiner Comments
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Question 17 (a)
Some candidates found this extremely difficult mainly because they did not seem to know 
what was meant by base units.  70% of candidates scored 0 or 1. Many answers were left in 
terms of Newtons and if they did write kg m s-2 as the base units for force, they left charge 
as C or wrote it as A s-1. A knowledge of base units is fundamental to physics and it is 
expected that all candidates know these units and can work with them.

30% of candidates could express the N and C in base units and so scored 2 marks but half 
of those were unable to rearrange the units to give the correct answer.

Question 17a_1496667_01.png

This was a correct answer which scored all 3 marks.

Examiner Comments

Learn your base units and practice rearranging equations.

Examiner Tip
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This was a common wrong answer.

Examiner Comments

Look at the marks, this answer cannot be worth 3 marks, 
which is the clue that more work needs to be done.

Examiner Tip
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This response was not very well laid out but using the equation given, the 
units for force and charge were correct but the rearranging was wrong.

Examiner Comments
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Question 17 (b)
This was generally well answered with 80% of candidates scoring 3, 4 or 5 marks. The most 
frequently lost mark was for the description of the electric field strength between parallel 
plates. Many chose to say that it was constant. This implied that it was not changing over 
time and was not telling us that all of the points have the same value. Candidates need to 
be told to say that the value of the field is the same at all points in the field. Also marks 
were lost by omitting the word strength and just referring to field or force. The diagrams 
were generally good enough for the first two marking points but some marks were lost due 
to careless errors, asymmetry, lines not touching the plates, lines nowhere near straight etc. 
Also the more lines candidates draw the more likely they are to have uneven gaps etc. A 
minimum of 4 is needed for the radial field and 3 for the parallel plates field.

This response scored 4 marks, good diagrams but referred to a constant 
field between the plates.

Examiner Comments
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The point charge diagram was wrong because it was not one point charge. This 
scored 2 marks, MP1 and MP3. The words scored nothing, as there was no mention 
of electric field strength, inverse square law etc.

Examiner Comments

Read the question carefully. Although point charges (plural) are mentioned in the 
stem, the question is about the field caused by a (singular) point charge.

Examiner Tip
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Question 17 (c)
This was quite a stretching calculation involving the use of Coulomb's law, either resolving 
forces or Pythagoras and trigonometric functions as well as unit conversions. What was 
really pleasing was that 50% of the candidates scored the full 6 marks. Significantly, 
another 15% scored the 4 method marks and the reason they did not get the final answer 
was because they either halved the separation, i.e. used 12.5 cm instead of 25 cm or 
having found the electric force, then proceeded to use half of that value. It is noticeable 
that candidates who really did not know how to do this type of calculation ended up 
writing equations with numbers but no symbols so it was very difficult to be able to give 
any credit. A few words like 'weight =....' help tremendously. The Pythagoras method was 
more common but most candidates made a good attempt. Other than the mistakes already 
identified, others were failing to square the separation or the charge, resolving incorrectly, 
getting tan the wrong way round and omitting the g in W = mg. What never fails to amaze 
me is that when doing a calculation with Coulomb's law, candidates use Boltzmann's 
constant for k.

This was a model answer resolving forces, it scored all 6 marks.
Examiner Comments
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This was an example that used Pythagoras but made the mistake of using 12.5 cm 
and also not converting to metres, hence the very small value of the electric force. 
The candidate did write a correct tan equation for their calculated values so this 
scored the 4 method marks.

Examiner Comments
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This example has been added as proof that some candidates do use Boltzmann's 
constant for the value for k.

Examiner Comments
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This candidate found the electric force and then divided it by 2, obviously forgetting all 
about N3. It still scored the 4 method marks but lost the answer marks. 

Examiner Comments

This is an example of a well laid out answer that the examiner can easily follow and is 
able to award marks for.

Examiner Tip
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Question 18 (a) (iii)
In 18(a)(i) most candidates had correctly drawn a spiral with increasing radius showing 
the proton passing through the gaps many times. However, when answering this question 
hardly any made any reference to repeat crossing of the gap so very few candidates scored 
3 marks. In fact the most common mark scored was 1, usually for the idea of the field/p.d. 
causing an acceleration. The description of the changing polarity of the dees was poor and 
as mentioned already, hardly any made reference to an increase in KE each time the protons 
went through the gap. Most candidates attempted to explain about the changing polarity but 
their answers were too general or vague. Some thought the switching occurred when the 
proton was in the middle of the gap. Ideally we would have liked to see a clear statement 
about the proton repeatedly going through the gap, each time with an increase in KE but 
this time we accepted any reference to going through the gap more than once.

An example not seen very often of a 3 mark answer. Awarded because 
the last sentence began 'every time.......’

Examiner Comments
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This scored the accelerating mark and the repetition mark but no 
mention of the changing polarity of the dees.

Examiner Comments

This also scored 2 marks, this time for the accelerating and the 
polarity of the dees.

Examiner Comments
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Question 18 (a) (i-ii)
Nearly all candidates managed to draw a spiral with the minimum of two complete 
revolutions and about half of them correctly identified the direction of the field that was 
consistent with their spiral, either clockwise or anticlockwise.

Most candidates drew a clockwise spiral but this one was anticlockwise 
with the correct direction of field so it scored both marks.

Examiner Comments

This was a correct response for a clockwise spiral.
Examiner Comments
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The common wrong answer, scored 1 mark for the spiral but the field 
was in the wrong direction.

Examiner Comments
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Question 18 (a) (iv)
Some candidates did not know where to begin with this question and so scored zero marks. 
However those candidates who started with one of the two equations given in the MS went 
on to score all 3 marks. It was impossible to separate those who really knew what they were 
doing from the ones who effectively worked backwards from the given equation. 

A well-presented answer where the candidate linked the force on the proton to the 
centripetal expression and worked through on the RHS to derive v = 2πfr. It scored 3 
marks.

Examiner Comments

An example that scored zero marks, there were a number of different equations used 
but the candidate did not make any progress.

Examiner Comments
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Another 3 mark answer, this one used ω instead
Examiner Comments
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Question 18 (a) (v)
For 70% of the candidates this was a straightforward calculation using the equation given 
in (a)(iv). However most of the rest of the candidates chose to use the mass of an electron 
rather than the mass of the proton and so scored zero.

Question 18av_1429974_01.png

The whole of question 18 was about the acceleration of protons 
in a cyclotron, the word proton is used five times in the question 
before candidates get to this calculation. This was an example of a 
candidate who used the mass of an electron.

Examiner Comments

Correct mass given but milli and mega units confused and no unit for 
the answer. This response scored 1 mark.

Examiner Comments
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Question 18av_1911303_01.png

An example that scored both marks.

Examiner Comments

Be careful when selecting data from the table, make sure you 
choose the right value to use.

Examiner Tip
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Question 18 (b)
Candidates generally scored well on this section with 3 and 4 being the most commonly 
awarded marks. The effect at Y was better described than the effect at X. The most 
frequently awarded mark was for there being two charged particles produced at Y. The 
easiest way to get the next marking point was to say this was due to conservation of charge 
since the particle arriving at Y was neutral. Many chose to answer in terms of the paths but 
did not get credit if they said the paths were in opposite directions, since the two particles 
paths are continually changing direction. Also an alarming number of candidates stated that 
because the paths had the same radii the particles had the same mass rather than the same 
momentum. At Y candidates were able to identify that two particles had been produced and 
that one was neutral because there was no path. It was MP3 that was the lowest scoring 
mark because it was necessary to talk about before and after the collision. Most responses 
were in terms of conservation of charge or momentum for the new particles without any 
reference to the incoming particle. It is surprising how many candidates thought that the 
two particles produced at Y went off in opposite directions.

This scored 2 marks for two particles at X and 2 charged particles 
at Y. There was no mention that the neutral particle doesn't leave 
a track and this was an example of paths in opposite directions. 
Candidates need to say that the paths curve in opposite directions.

Examiner Comments
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An example of a script that scored 5 marks.
Examiner Comments
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This scored 3 marks for the two particles at Y and the two charged particles 
oppositely charged to conserve charge at X. Although there was reference to 
bubbles being formed by charged particles, candidates need to make a clear 
statement about neutral particles not leaving a track.

Examiner Comments
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Paper Summary
Based on their performance on this paper, candidates are offered the following advice:

•	 learn the base units and practice rearranging equations

•	 in calculations, use words to explain what you are calculating, don't just write a series of 
numbers

•	 in context questions, answer in terms of the context and not in general terms

•	 be familiar with the formula and data sheet, k is used as the symbol for boltzmann's 
constant and for the constant in Coulomb's Law

•	 when writing descriptive answers use short sentences and check that the subject of the 
sentence is clear to the examiner who will be reading it.
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Grade Boundaries
Grade boundaries for this, and all other papers, can be found on the website on this link:

http://www.edexcel.com/iwantto/Pages/grade-boundaries.aspx
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