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Introduction

WPH12 is a unit paper on the Pearson Edexcel International AS level course which covers the
topics of Waves and Electricity. As usual, the paper for this series contained 10 marks of
multiple choice questions in Section A.

Section B had 7 longer answer questions which consisted of short open responses,
calculations and some extended written answers. Question 14(b) was related to Core
Practical activities that candidates undertake as part of the IAL course. This unit always
contains one 6 mark linkage question, which on this occasion was about how atoms in a gas
can be stimulated to release photons.

On the whole, candidate performance on the paper during this series was broadly in line
with previous series, although there are always going to be particular questions that
candidates find more challenging. In this series the questions found to be the most difficult
were Q13(b), Q13(c), Q14(a)(ii), Q15(b), Q17(b) Q18(c)(i) and Q18(c)(ii).

Candidates continue to show evidence of good preparation for the test but there are some
aspects that need more focus. In many cases marks were lost for failing to add units to
calculations and some responses were too general and not linked to the context in the
question.

The standard in this paper was similar to previous series although there were several
contexts within this paper that may have been less familiar than previous series, for example
questions 18 and 15.

Calculations were generally performed well but there are still some responses to longer
questions where application of physics principles was lacking.

Section A: Multiple Choice

Although Section A was generally completed very well by most candidates, questions 2 and 8
were answered correctly by less than half the candidates.
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Subject Correct response Comment

1

Comparing resistance
of a wire and
thermistor when
temperature
increases

B

Temperature
increase reduces
thermistor resistance
and increases wire
resistance

2
Potential divider
circuit

D
Potential difference is
shared

3 Use of Snell’s law B
Correct
rearrangement

4 Wave particle duality C
All other responses
relate to particle
nature of light

5 Internal resistance C Use of E = I(R + r)

6 Photoelectric effect C
Correct definition of
threshold frequency

7
Resistors in series
and parallel

D
Correct
rearrangement of
relevant formulae

8
Wave on a string
under tension

C
Correct
rearrangement of
tension formula

9
Ohm’ and Kirchoff’s
laws

A
Correct calculation
and arrangement

10 Photoelectric effect B
Correct gradient
calculation linked to
Einstein equation
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Question 11

This was an interesting question in the sense that it had veered from the more expected
format of a question involving polarisation. Many candidates failed to appreciate the
importance of the context and simply regurgitated a definition of polarised and unpolarised
light. It was important to understand that the mobile phone screen contains a liquid crystal
display that does not emit light by itself but rather modulates light passing through it. The
screen itself therefore lets polarised light pass through it. Most questions involving
polarisation ask candidates to explain why light will or will not pass through polaroid filters in
a more specific way. In this context there are two filters which at a certain point will have
planes either perpendicular or parallel to each other.
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This candidate recognised that the light emitted from the mobile
phone screen is plane polarised as the screen itself is having an effect
on the orientation of the light passing through it. It was a promising
start but an explanation of how the planes of polarisation would have
an effect on the transmission of light passing through them upon
rotation was not discussed in any detail, so marking point 2 was not
scored. No light passing through the polarising sunglasses clearly
scored marking point 3.

Polarisation occurs as a consequence of unpolarised light reflecting
from a medium with a refractive index. It should be obvious that the
light source from the phone was polarised when passing though the
(liquid crystal) display. Try to describe the context you have been
presented with rather than giving a learned definition of polarised or
unpolarised light.
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In this response the candidate was unsure as to why light transmitted
from a mobile phone was originally seen by an observer wearing
polarising sunglasses, but after rotation of the phone was not. There
was a suggestion that that the sunglasses polarise the light but the
light from the phone is already polarised before being observed. It was
further suggested that the polarising filters would block light in every
direction at some point, which is clearly non sensical.
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Question 12 (a)

This question is a variation on a similar theme from previous series where candidates have
been asked to explain what would be observed if white light was shone through a diffraction
grating. In this context we are told that a white central maximum would be formed and the
diagram displays the position of red and violet from the visible spectrum. The explanation for
this is linked to the wavelength and the diffraction grating formula.

In this example there is no reference at all to wavelength but rather a
vague reference about frequency and no mention at all of a relevant
formula. Statements such as one frequency being close to another
would be unlikely to ever score anything. This script clearly scores 0
marks.
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This response scores the first marking point for recognising that violet
has a shorter wavelength than red. Although this has not been
specifically stated it is clear from the wording in the question that the
candidate is referring to violet and not red. The second marking point
has not been awarded as although the formula has been written there
is no clear link to d sinθ being smaller meaning θ must be smaller, nor
a reference to sinθ being smaller.

When explaining the behaviour of waves during diffraction it would
always be helpful to use the formula nλ = dsinθ to explain how a
change in angle affects the wavelength or vice versa.
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This was a rare two mark response where the candidate has clearly
used the formula nλ = dsinθ to explain that because violet has a
shorter wavelength and both n and d are constant, then clearly sinθ
must be smaller for violet as it has a shorter wavelength.
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Question 12 (b)

This was a straightforward calculation using the formula nλ = dsinθ. The required angle
needed to be taken from the diagram and the line spacing was also supplied. It should have
also been evident that the diagram was showing a first order diffraction pattern and
therefore the value of n was 1. If any other value of n was used then only the first marking
point could be awarded.

In this example the candidate clearly did not understand that d is the
line spacing and this value was given, the candidate thought that the
line spacing had to be calculated by taking the reciprocal of the value
given. As a consequence neither mark could be awarded as the
formula was not used correctly and the calculated value was incorrect.
It is worth noting that no unit was written next to the calculated value.

Make sure that you are aware of what each of the symbols in a formula
represent.
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The formula was used to calculate the correct value for wavelength,
however, as was all too common, this candidate failed to provide the
unit for wavelength in the answer line.

Always provide a correct unit for any calculated quantity.

13 IAL Physics WPH12 01



Question 13 (a)

This was quite a standard question involving the pulse echo technique where sound waves
are being used to detect fish. The duration of the pulse was provided as well as the speed of
sound in water. Candidates were required to use this information to calculate the distance to
the fish. Successful candidates recognised that a correct calculation involved either doubling
the time or halving the distance and substituting these into the equation v = s/t. This was a
well answered question and indicates that candidates have become more familiar with the
applications of the pulse echo technique.

This candidate was confused and thought that it was necessary to use
the wave equation as a speed of sound had been provided. However,
no information was given about the frequency or wavelength of the
ultrasound and this equation was of no value. As a consequence no
mark was awarded.
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This was a two mark response where the candidate used the correct
equation and recognised that the time needed to be halved in order to
calculate the correct distance. However, the time had been provided in
milliseconds and this candidate failed to convert it correctly. Note that
a unit for distance was provided.

The pulse echo technique does not require a wavelength or frequency
to calculate the distance to an object. Always check the magnitude of
the quantities provided and convert correctly.
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A perfect response where the time was double and the correct
distance calculated.
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Question 13 (b)

This question presented a great deal of difficulty to the majority of candidates and there
were many responses that failed to address the question in a logical way. The theme of pulse
echo was continuing from the previous part and it should have been obvious that in this
technique a pulse is emitted and then detected. If the distance was greater, then the time for
a pulse to return would have been longer and as a consequence a second signal would have
been emitted before the return of the first. This would have meant that the fish would not
have been detected. Therefore the pulse duration limits the distance over which the fish can
be located.

This was a simple response but good enough for marking point 1. It
linked increasing time with increasing distance but failed to give an
explanation as to why this was important.
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This was a very good response where the candidate clearly recognised
the importance of timing the transmission of the pulses so that they
could cover the distance and return before interfering with another
pulse.
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Question 13 (c)

This question has appeared in several papers in the past few series albeit in different
scenarios. Regardless of the context candidates should be aware that by increasing the
frequency of a sound wave, its wavelength must decrease as the speed is constant. As a
consequence the shorter wave would diffract less and give a better resolution. In this case it
would have enabled the detection of smaller fish.

This was a poor response which got off to a promising start by
suggesting that the frequency should be increased. Unfortunately this
candidate was unaware that the wave would not travel any faster and
had no effect on the distance over which the fish could be detected.
We wanted an idea of locating a smaller object rather than one that
was further away.
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Although this candidate wrote the wave equation it was not required
to receive full credit but it certainly enhanced the response. This was a
very good example of a two mark answer.

In this context it is important to recognise the relationship between
frequency and wavelength and the effect of reducing wavelength on
the effectiveness of the pulse echo technique. In this question we were
looking for the word resolution or diffraction and gave no credit to
responses referring to greater detail or precision.
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Question 14 (a)(i)

This question asked for the definition of resistivity and the responses from the vast majority
of candidates were poor. Admittedly it is not a question that has been asked often in the past
but a sensible candidate should have been aware that a formula linking resistivity and
resistance is provided on the question paper and this would have been useful in trying to
answer this question.

Interestingly this candidate wrote down a correct formula but did not
do anything with it. Had they defined the terms in the equation then
the mark would have been awarded.

If you are unclear of a definition then often a formula can help you.
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A very good response where it is worth noting that the definition
required the idea of cross-sectional area rather than just area and unit
length rather than just length.
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Question 14 (a)(ii)

In this part of the question a diagram of a conducting material in a circuit was provided and
candidates were asked to describe how a value for resistivity could be determined for the
material. This context was related to a required practical which candidates can expect to be
asked about in this paper. Once again a good starting point to help with a structured answer
would have been to make use of the formula linking resistance with resistivity. Using R = ρl/A
to determine a value for resistivity we then need to know how to find the other values in the
equation. The width, length and thickness all need to be measured as well as a method for
calculating R. This could have been done using an ammeter and voltmeter to record current
and potential difference that then could have been substituted into Ohm's law. With these
values known a calculated area and resistance, along with a measure length could have been
substituted into the rearranged formula ρ = RA/L.

This candidate made no attempt to describe how the student could
measure the required values and was awarded no marks for this
response.

The word describe in a question requires an account of something.
Statements in the response need to be developed as they are often
linked.
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This is a concise but detailed response which covers all four of the
marking points. This candidate has clearly carried out such an
experiment and has demonstrated obvious practical skills. The answer
follows logical steps and these instructions could be followed easily.
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Question 14 (b)

This question proved to be quite a challenge to the vast majority of candidates as very few
achieved either of the first or second marking points. The key word in the question was
resistivity and therefore it would have been prudent to refer back to R = ρl/A and rearrange
for resistivity. This should have enabled candidates to establish that R must have been lower
and as a consequence there would be more charge carriers in copper thus lower drift
velocity in copper due to v = I/nAq being smaller.

This was a very good answer where the lower resistance was clearly
linked to the increase in charge carriers and lower drift velocity.
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This candidate was unsure about the relationship between the number
of charge carriers and drift velocity but was awarded marking point 2
for the statement linked to the relevant formula.
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Question 14 (c)

This candidate recognised that there were more resistors being placed
in parallel and recognised that this would result in more power.
However, there was no link to any of the power equations and the
response became confused.

Remember to refer to power equations in circuits as these will provide
the relationship between current, p.d. and power.
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Question 14 (d)

In this scenario candidates were presented a problem in which a deduction of whether a
heating system could be operated safely had to be made. The solution involved using the
equation R = ρl/A but there was an unusual arrangement of the conducting materials in that
the length to be used was the shorter side and the depth had to be multiplied by the length
of the longer side to calculate the cross sectional area. Unfortunately, the majority of
candidates failed to recognise this and were limited to a maximum of three marks from the
five available.
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This candidate had written the relevant formula on the top right of the
answer space but made no further progress with it. It would have been
possible for this response to score the fourth marking point for the use
of a power equation. However, as can be seen, the value for resistivity
was incorrectly substituted into the equation.
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This candidate made the common error of selecting the wrong value to
calculate the width and was not awarded the first marking point. The
second making point was awarded for a correct use of the resistivity
formula. The fourth marking point was not awarded as the correct
arrangement of the resistance of the 5 panels was not made. However,
although an incorrect resistance value was calculated it was correctly
used in a power equation and so the fourth marking point was
awarded.
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Marks can be awarded for the correct use of formulae with incorrectly
calculated values as long as they are dimensionally correct. It is always
worth trying to complete a calculation even though you may be aware
that some of your values are wrong.
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This was a concisely executed calculation that gained all the marks. The
area was correctly calculated within the resistivity formula and a
correct value for length was substituted. The resistance value
calculated was used to calculate the total resistance for the 5 panels
and this correctly calculated value was used in a power equation. The
correct value for power was calculated and a correct deduction was
made.

In a deduction question make sure to compare the calculated value
with the given value and make a valid statement otherwise the final
mark will not be awarded.
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Question 15 (a)

In this question candidates were required to determine the time period of a wave from an
oscilloscope trace and use this to calculate the frequency of the wave. This style of question
is not uncommon and should have presented little difficulty for the majority of candidates.
However, the majority of responses used a time period calculated from a single wavelength
when the first marking point required a minimum of three waves to be used. Some
candidates also confused the large divisions with the smaller divisions on the scale. The
consequences of these errors resulted in a frequency value outside of the acceptable range
and this limited many responses to a maximum of one mark.

34IAL Physics WPH12 01



35 IAL Physics WPH12 01



This candidate simply took the time period for one division and
substituted this into the wave equation. Had they calculated 1/1.5ms
they would have scored the second marking point. The wave equation
is of no value here as the frequency could be calculated from 1/T. No
marks were scored in this response.
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This candidate correctly used three waves to work out the time period
for the first marking point. The reciprocal of the time period led to a
value for frequency within the acceptable range and a unit was
provided.

When taking values from an oscilloscope trace use as wide a range of
waves as possible as this will be more likely to lead to a calculated
value within the range.
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Question 15 (b)

Waves formed in an open ended tube which is closed at the other end have appeared in
many previous papers. It should be common knowledge by now that the wavelength of the
simplest wave in such a tube is four times the length and so for wave one λ = 4L would have
given the wavelength. Wave two was slightly more difficult to work out but it should have
been clear that 3/4 of a wave in the tube and that its wavelength was therefore 4/3L for the
first marking point. A comparison could then have been made between the wavelength of
the two waves. It should have been clear at this stage that the velocity of the two waves was
constant so by using the wave equation v = f λ the correct relationship between the
frequency of these two waves could have been deduced.

This was an all too common response where very basic comparisons
between the wavelength or frequency of the waves were made.
However, the question asks for an explanation and as such these
simple comparisons will never be worthy of credit.
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This was a well presented response that scored the first and third
marking points. The wavelength for each wave was correctly calculated
and a rearrangement led to the correct comparison of the frequency of
the two waves. What was missing here was an explanation that this
relationship could be worked out from the wave equation as the speed
of sound was the same for each wave.
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This was a concise and well worded three mark response from a
candidate who had clearly taken the time to analyse each of the two
diagrams and arrive at the correct response.
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Question 15 (c)

In this question a graph of wavelength against 1/frequency was provided which contained 5
plotted points. Candidates were asked to determine a value for the velocity of the wave and
it should have been straightforward to deduce that the gradient of such a graph would
provide the answer. The first mark here required a line of best fit to be drawn and a gradient
taken. The second mark was for a value of velocity within the acceptable range.

In this response there was no attempt to draw a line of best fit but
there was an attempt at a gradient calculation, albeit that this
candidate had calculated dx/dy and so scored 0 marks.
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A good two mark response where a very accurate line of best fit was
drawn and a gradient calculation completed leading to a velocity value
within the acceptable range.

When a graph is provided that has plotted points with no line drawn it
is usually an expectation that a line would be drawn by the candidate.
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Question 15 (d)

In this part, candidates have been provided with a diagram similar to wave one in part (b) but
this time the length of the tube has been provided along with the speed of sound in air. The
frequency needed to be calculated using the wave equation. Candidates who were successful
in part (b) would most likely have scored three marks here as they would have recognised
that the wavelength of this wave was 4 times the length given or 1.13m. This could then have
been used in the wave equation to calculate the speed to be 333 ms-1. Unfortunately the
majority of candidates could not work out the correct wavelength and were limited to a
maximum of one mark for the use of the wave equation.

This candidate correctly converted the length to metres but was 
unclear as to how to proceed and was unable to use the diagram to 
establish a value for wavelength. Had they just used 0.282m in the 
wave equation they would have scored the first marking point.
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This was a very common answer where the wavelength was calculated
to be 2 times the length of the tube but as the wave equation was used
correctly the first marking point was awarded.
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This was a perfect three mark response where the correct wavelength
was calculated and used correctly in the wave equation to arrive at the
correct value with the required unit.

Where no unit is provided in the answer line then make sure to add
one.
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Question 16 (a)

This question presented a potential divider circuit in the context of a security lamp that was
controlled by a light dependent resistor (LDR). Candidates were required to explain what
effect decreasing the light intensity of the LDR would have on the potential difference across
a fixed resistor. Candidates should have been aware that this would have increased the
resistance of the LDR and that it would have taken a larger share of the potential difference.
As a consequence the potential difference across the fixed resistor would have decreased.
This was generally a well attempted question with the majority of responses indicating a
sound understanding of the behaviour of LDR's and potential divider circuit.

This response scored the first marking point but there was no
reference to the fixed resistor and therefore the second marking point
was not awarded. It is worth noting here that the second mark was
dependent on the first mark being awarded.
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A good two mark response where the candidate clearly understands
how the ratio of potential differences in the circuit is affected by the
resistance of the components.
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Question 16 (b)

Here candidates were provided with information about the current in the circuit as well as
the ratio of resistances between the LDR and the fixed resistor. We are also told that the
security lamp will switch on when the potential difference across the fixed resistor is 0.62V.
Candidates were required to calculate the resistance of the LDR when the security lamp
switches on. This question was very well answered with the majority of candidates scoring
full marks.

This candidate used a ratio of resistances and calculated the correct
value for the resistance. However, as was all too common in this paper,
the candidate failed to provide the relevant unit for resistance, Ω.
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This candidate correctly calculated the resistance of the fixed resistor
for the first marking point, however, no ratio was applied and so no
further marks could be awarded.
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A common perfect three mark response where all steps of the
calculation were clearly demonstrated.
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Question 17 (a)

This was a straightforward question where the energy of a photon was provided and
candidates were asked to calculate the frequency. Use of E = hf leading to f = E/h and correct
substitution led to the correct value, which the vast majority of candidates achieved.

This candidate calculated a value but because there were no
substitutions into the formula it was unclear how the answer was
arrived at. No marks could be awarded.

In a question that requires the use of a formula make sure to
substitute values into your equation.
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Another example where the formula was used to calculate a correct
value but the units were missing. Only the first marking point was
awarded.
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This was a very common textbook response.
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Question 17 (a)(ii)

This was the indicative content question and, as in previous series, it often presents a variety
of challenges to candidates. It was very pleasing to note, however, that candidates are
beginning to attempt these questions with more effort and organisation is being put into
responses. As always, there are six marking points here. Candidates are told that a large
potential difference is applied across a discharge tube and that the tube emits photons. An
explanation of how these photons were emitted was required. The first indicative content
point was for recognising that the potential difference caused a current in the gas and this
response was not commonly seen. The consequence of the current was to transfer energy to
the gas atoms in the tube and this was seen slightly more often. The third and fourth
indicative content marks were for explaining that the electrons would move up energy levels
and emit photons when they fell back down. These two marking points were the most
commonly awarded. The fifth indicative content mark was for linking photon energy to
frequency and the final mark for recognising that there are discrete energy levels so only
certain energy level differences are possible. The fifth mark was awarded more often than
the sixth.
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This response scores the fifth indicative content mark only. It was quite
common to see this kind of response where candidates are simply
trying to describe the photoelectric effect, which was not relevant here.

It is always important to read the context of the question and make
sure that you are answering the question that is being asked.
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This was a well planned response that scored full marks. The candidate
had clearly taken the time to consider the context and ordered the
responses in the most logical way. The voltages leading to current then
to energy transfer to the gas atoms. The electrons in the gas rising to a
higher energy level and emitting a phon on return. The final two
sentences linked the discreet nature of the energy transfer to a limited
number of possible wavelengths.
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Question 17 (b)(i)-(ii)

This was a two part question beginning with a calculation involving the photoelectric effect.
Candidates were provided with the energy of the photons in electron volts along with the
work function of the metal. They were then asked to show that the maximum velocity of
emitted electrons was a certain value. This straightforward calculation was very well
attempted with the vast majority of candidates scoring all three marks. The first mark
required a conversion from electron volts to joules and this value had to be substituted into
the Einstein equation for the second marking point. A correct rearrangement led to the third
marking point.

In the second calculation the velocity value had to be used to calculate the de Broglie
wavelength and this was a simple case of dividing the Planck constant by mass times velocity
of the electron and this was again very well attempted.
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This is a good example of the importance of using the correct number
of significant figures in a 'show that' question. This candidate did
everything correctly but used the value 5.3 which was the same as that
given in the question. The second part scored full marks.
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This was a good example of a perfect response and happily this was
often seen in this paper.
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This was a very common response to the first part where the
conversion of electron volts to joules was completed first and correctly
substituted into the equation. The correct value was calculated. As this
was a 'show that' question the answer needed to be at least one more
significant figure than the value given and there was no unit penalty.
Unfortunately this candidate performed a correct calculation for the
second part but failed to provide a unit, scoring only the first marking
point.
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Question 18 (a)

This first part of question 18 provided a diagram of a ray of light entering a camera lens and
clearly being diffracted. The refracted ray was incident on surface Y at an angle of 53°.
Candidates were asked to explain why the ray refracted upon entering the lens. It should
have been evident that the ray of light was moving from a less dense to a more dense region
and would therefore be travelling at a lower speed in the glass. Most candidates answered
this question well but some responses were lacking in detail and scored no marks.
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This candidate clearly has some awareness that the speed of light
would not be the same in different media but just made a simple
statement that the speed would change rather than reduce and
therefore scored zero.

When describing a difference use comparative statement such as
greater or smaller rather than a simple statement such as changes.
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This candidate had the right idea but lacked the necessary
comparators. The first marking point was awarded as the word
decrease was added to the first sentence. However, rather than stating
the density increased this response simply referred to density
changing and so failed to score the second marking point.
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Question 18 (b)

In this question candidates were told that if the ray of light entering the lens did not totally
internally reflect then it could be made to do so by adding a layer of silver to surface Y. It was
necessary to deduce whether or not the layer of silver needed to be added. There were two
ways of approaching this but in either case it was necessary to carry out a calculation to
establish whether or not total internal reflection would occur. The most straightforward
method was to use the equation sin C = 1/n and compare the critical angle with the angle of
incidence. As the angle of incidence was less than the critical angle then total internal
reflection would not take place and therefore a layer of silver was needed. The second
method was to use the Snell's law equation and calculate the angle of refraction which would
have shown that the ray did indeed refract and therefore total internal reflection would not
take place and so a layer of silver was needed. This question was poorly attempted by many
candidates by virtue of the fact that many thought that the angle of incidence was 53
degrees.
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This was a common response where the candidate was awarded the
first two marking points for the correct calculation of that critical angle,
however, 53 degrees was incorrectly stated as the critical angle and no
further marks were awarded.
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This candidate started with the use of Snell’s law but failed to calculate
an angle. This was deemed worthy of only the first marking point but
would have scored the second had the calculated number been
converted to an angle. The conclusion here was incorrect.
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This was a common response and scored the first three marking
points. The candidate calculated the correct critical angle and stated
that the angle of incidence was less than the critical angle, however,
there was no statement that total internal reflection would not take
place and therefore the fourth marking point was withheld.
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This was a concise and fully correct response that was seen often.
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Question 18 (c)(i)

This question required candidates to explain why knowing the number of photons incident
on a sensor of known surface area was not sufficient to enable the calculation of intensity. It
was expected that candidates would recognise that to calculate the intensity it would have
been necessary to know the energy of each photon and link this to I = P/A. As frequency of
the incident light was not known then the energy of the photon could not be determined.
Very few candidates were awarded a mark here.

With a little more detail this candidate could have scored marks but
they scored zero. There is no mention of photon energy not being
known and although the formula for intensity was correctly written the
terms were not defined.
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This response was awarded the first marking point for simply defining
the terms of the intensity equation.
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A very rarely seen two mark response where the candidate clearly
made the link between energy and power and how the inability to
calculate energy meant that the intensity equation could not be used
as power could not be calculated.
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Question 18 (c)(ii)

This was quite a challenging question in which candidates had to calculate the percentage of
photons that were detected on a sensor. The wavelength of the incident light was provided
and this could be used to read a value for current from the graph provided, as well as
calculating the energy of a photon of this light. The current value should have been used to
calculate the number of electrons passing a point per second. The power of the light was also
provided and this should have been used to calculate the number of photons incident on the
sensor. The ratio of number of electrons to number of photons would have given the
percentage of photons detected. Most candidate could read a value for current from the
graph although no mark was awarded for this. The majority of candidates could calculate the
photon energy for the first two marking points but this was as far as most candidates could
progress. Interestingly, there were many unexpected ways that candidates attempted to
answer this question involving circuit power equations. Technically speaking, this was an
incorrect way of doing this but full credit was given to responses that produced a percentage
within the accepted range.
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This candidate scored the first two marking points for the calculation
of photon energy by combining the equations v = fλ and E = hf. It
appears that there was a transcription error but had the candidate put
the 1W by the energy value then the third marking point would have
been awarded.
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This response scored the first two marking points on the third line and
the third marking point on the fourth line. After that there was a great
deal of confusion and the concept of momentum was incorrectly
introduced. Interestingly, although the correct value for current was
read from the graph it was not used.
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A very well organised and logical full mark response. The current was
correctly read from the graph and then the photon energy calculated.
The power was divided by the photon energy to give the correct
number of photons produced. Q = It with the current from the graph
gave the correct number of electrons released and this was used to
calculate the correct percentage.
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Paper Summary

Based on their performance on this paper, candidates should:

Always remember to include relevant units in calculation questions.
Make sure that in 'show that' questions, one more significant figure is added.
When making comparisons as in question 18(a), use language such as larger or smaller
rather than different.
Always show the numbers you are substituting into calculations as these could gain credit
where a wrong answer is provided.
When answering indicative content questions try to form a logical structure to your
answers before writing anything down.
When using equations to help explain concepts always define the terms of the equation.
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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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