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Question Answer Marks 

9(a) emission of electrons (from a metal surface) M1 

 when electromagnetic radiation is incident (on surface) A1 

9(b)(i) threshold frequency = 2F A1 

9(b)(ii) Planck constant =  / F A1 

9(c) two diagonal straight lines with positive gradient in the positive EK region only, starting at non-zero values of f  B1 

 line labelled X passing through (F, 0) and line labelled Y passing through (2F,0) and extending to 3F or +2 B1 

 two diagonal straight lines with equal gradients  B1 

 X line extrapolates back to (0, –) and Y line extrapolates back to (0, –2) B1 
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(c) (i)  The majority of the candidates gave the correct answer. Many candidates placed the capacitor
connected in parallel with V IN and a small number drew a symbol which was more like the symbol
for a cell. 

(ii)  Most candidates gave the correct answer.

(iii)  Most candidates gave the correct answer. A common mistake was to substitute the r.m.s. voltage
instead of the peak voltage into the correct equation.

Question 7

(a) The majority of the candidates gained full credit, but some candidates specified a particular change
causing the induced e.m.f. (e.g. a force or a flux change).

(b) (i)  Most candidates identified the correct starting equation for flux, but then a significant number used
an incorrect method to calculate the area. Some candidates did not give a correct unit.  

(ii)  The majority of the candidates gained full credit. Many candidates inappropriately included the
number of blades in their calculations and so their answers were incorrect by a factor of 4.

(iii)  Lenz’s law was often not used to explain that a force or moment was needed to oppose the rotation
of the rotor. When this was mentioned, the direction of that force or moment was often not stated.
The answer X and reference to current in the rotor blade was required. Those who used Fleming’s 
left-hand rule to correctly determine the current direction often forgot that the rotor is an e.m.f.
source with current flowing from lower to higher potential within the source.

Question 8

(a) Candidates found it difficult to give a complete and correct meaning of a tracer. The radioactive
substance was often referred to, but was stated without mention of the need to introduce it into the
body. Some candidates implied the substance or the positrons were already inside the body.
 Absorption into the tissue ‘being studied’ or equivalent wording was rarely stated.

(b) (i)  The majority of the candidates gained full credit. 

(ii)  The most common incorrect answer was ‘neutron’. 

(c) (i)  Candidates found it difficult to give a correct definition of activity. Common incomplete answers
were versions of ‘rate of decay of nuclei’.

(ii)  Some candidates gave answers with less than three significant figures, especially those giving
answers in min –1. Some candidates gave the unit as Bq instead of s –1.

(iii)  The candidates who used the method in the mark scheme often gained full credit, but some gave
insufficient significant figures in their final answers or made premature rounding errors. Candidates
who calculated the number of moles of oxygen-15 and multiplied by the Avogadro constant to find
the number of nuclei frequently made the power-of-ten error of not converting kg to g before
dividing by 15 u.

(d) (i)  Many candidates gave incomplete answers such as ‘photons’, ‘gamma rays’, ‘gamma particles’, 
‘gamma radiation’ etc. Others gave incorrect answers, most commonly ‘electrons’. 

(ii)  The description of gamma photon production often missed out that it is the total mass of the
positron and electron that is converted. Candidates often either did not mention mass at all, or
wrote that ‘mass’ was converted without making it clear that it is the mass of the particles. It was
not always clear that the mass is converted into the energy of photons (and not just energy in
general). 

Question 9

(a) The majority of the candidates gained full credit. Some specified that the incident radiation was
light, and others referred to electrons being excited but not emitted.
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(b) (i)  Most candidates gave the correct answer. 

(ii)  Most candidates gave the correct answer. Some stated the value of the Planck constant rather
than giving an expression.

(c) Many candidates gained full credit. Some candidates incorrectly showed the lines extending with
negative kinetic energy, although dashed lines were treated as construction lines to demonstrate
the intercept on the E K axis of the extrapolated line and ignored. Some candidates did not label the
lines X and Y. Some candidates drew only one line and gained no credit.

Question 10

(a) Many candidates gave incomplete answers, e.g. stating that ‘wavelength’ has increased without
adding that this is the observed wavelength of light from a galaxy. Some candidates referred to
planets moving away from the observer.

(b) The stronger candidates made the connection that, if all (or most) galaxies are moving away from
the observer (or our galaxy), they are moving away from each other, and therefore the universe is
expanding. Some candidates referred to planets rather than galaxies, and some to the universe
receding rather than expanding. 

(c) Many candidates stated Hubble’s law without further explanation. A significant proportion of
candidates correctly described that more distant galaxies are receding faster. A common
conclusion was that galaxies were closer together in the past, but often candidates did not develop
this to the idea that all matter (or contents of the universe) was in a very small space a long time
ago, i.e. before the formation of stars and galaxies. This is ultimately the reasoning that supports
the Big Bang theory.
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Question Answer Marks 

8(a) Any three points from: 

• electrons moving between levels emit a single photon 

• energy of photon = difference between energy levels 
• energy of photon depends on frequency 

• discrete frequencies (in spectrum) so differences between electron energies must be discrete  

• discrete differences between electron energies means energy levels must be discrete  

B3 

8(b)(i) energy = – (13.6  1.60  10–19) 
 

 = – 2.18  10–18 J 

A1 

8(b)(ii) E = hf C1 

  = (6.63  10–34  2.47  1015) / (1.60  10–19) = 10.2 eV A1 

8(b)(iii) n = 2 energy level = – 3.4 eV  A1 

 n = 3 energy difference = 12.1 eV A1 

 n = 4 energy difference = 12.8 eV A1 

 n = 3 energy level = – 1.5 eV  and  n = 4 energy level = – 0.8 eV A1 
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Question 6

(a)  The definition of electric field as force per unit positive charge was generally well known.

(b)  The electric field pattern around the sphere was generally well drawn. The numerical questions that
followed in the remaining parts of (b) were generally well answered, with many candidates
obtaining the correct answers.

(c) This was a difficult question, but many candidates obtained the correct answer. Weaker candidates
generally made no attempt to use the exponential equation and were therefore unable to make a
start with the question.

Question 7

(a)  Both parts of this question were well answered by most candidates.

(b)  The main challenges with drawing the sketch graph (aside from the skill of being able to draw a
sinusoidal variation) were establishing the correct phase and the correct amplitude. Common errors
were to draw sine curves rather than cosine curves, and to draw curves with an amplitude of 16 V
rather than 18 V.

(c)  It is important for candidates to understand, when answering this type of open question about
conclusions that may be drawn from a graphical representation, that there is no credit available for
simply describing the graphs. Credit is available for doing something with the data that goes
beyond simply reading a value from the axis. There were many ways in which candidates could
access credit for this question.

One common misconception concerns using the phrase ‘r.m.s. power’ to describe mean power.  
Whilst determining r.m.s power is beyond the expectations of the syllabus (given that it involves

integrating a sin4
   function and in any case has no physical significance), candidates ought to

appreciate that the mean value of a variation and the r.m.s. value of a variation are different
concepts. For a.c. power, the quantity that candidates are expected to know about is mean power.

Question 8

(a)  Many candidates attempted to explain why the photoelectric effect has a threshold frequency rather
than answering the question that was asked.

(b) (i)  Common reasons for credit not being awarded in this question were either giving an answer that
was positive rather than negative, or giving an answer to fewer than the three significant figures
warranted by the data in the question.

(ii) This question was well answered by many candidates. Some of the weaker candidates thought
they had to work out a difference in the energies represented by two frequencies, rather than
appreciating that the frequency of each line relates to a difference in energy levels.

(iii) Some candidates were able to determine one column correctly but not the other, leading to partial
credit. Stronger candidates in general were able to achieve full credit.

Question 9

(a)  The definition of mass defect seems to be less well known than other definitions. Some candidates
appeared to have the right idea but did not use the terminology correctly (particularly with
nucleus/nuclei/nuclide/nucleons/neutrons). Many of the candidates that did identify mass defect as
the difference in mass between the nucleus and its constituent nucleons did not make the point that
the latter mass is when the nucleons are infinitely separated. Common misconceptions among
weaker candidates were either that mass defect is a change in mass during a reaction, or that
mass defect is an energy.

(b)  Many of the more able candidates obtained credit for determining the energy release from the
formation of one nucleus of helium, but then stopped short of extending that to one mole.
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Question Answer Marks 

8(a) packet / quantum of energy M1 

 of electromagnetic radiation A1 

8(b)(i) E = c2m C1 

 m = (4.274  106  1.60  10–19) / (1.66  10–27  (3.00  108)2) 

 

    ( = 0.00458 u) 

C1 

 m = 233.915174 + 4.000407 + 0.00458 

 

 = 237.92016 u 

A1 

8(b)(ii) E = hc /  

or 

E = hf  and  c  = f 

C1 

 (4.274 – 4.200)  1.60  10–13  =  (6.63  10–34  3.00  108) /  C1 

  = 1.7  10–11 m A1 

8(b)(iii) (true) energy of gamma photon is smaller so (true) wavelength is larger  B1 

8(c) (anti)neutrinos are emitted during beta decay B1 

 particles emitted during beta decay carry varying amounts of energy, so energy of gamma photon is also variable (between 

decays) 

B1 
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(a) This question highlighted where candidates had a confused understanding of the relationships for
charge and for p.d. in the arrangements of series and parallel capacitors. Candidates generally
found this question more difficult than the following questions that concerned only a single
capacitor.

(b) (i)  This question was generally well answered.  

(ii)  There were a number of ways that candidates could answer this question, depending on the
equation they chose to use. Candidates generally performed well on this question.

(iii)  Stronger candidates understood that the charge value obtained in (ii) was the same for this
arrangement of two capacitors. Weaker candidates often believed that the p.d. value obtained in (i) 
was the same for this arrangement, and so attempted to use the same equation as they used in (i).

Question 7

(a) Faraday’s law was generally recalled accurately. Occasional confusion was seen between the
terms flux linkage and flux density.

(b) (i)  Leading on from the statement in (a), the relationship between e.m.f. and magnetic flux was
generally applied successfully in this question. Weaker candidates found difficulty in identifying an
appropriate unit for their numerical answer.  

(ii)  This question was well answered by most candidates.

(iii)  The involvement of the width of the aircraft’s wings led to some confusion over the application of
two basic equations: speed = distance travelled × time and area = width × distance travelled for a
significant number of weaker candidates.

(iv)  Candidates found this question difficult. Better answers were written in stages, first considering the
direction of the force to oppose the motion of the aircraft, then describing the application of
Fleming’s left-hand rule to identify the direction of current flow from wingtip Q to P. The strongest
candidates appreciated that this current was inside an e.m.f. source and then gave the correct
answer.

Question 8

(a) There was a good understanding of the nature of the photon amongst most candidates.

(b) (i)  To successfully answer this question, candidates needed to maintain the use of six decimal places
in their calculations to match the data provided. Most candidates attempted to use the equation
E = mc 2  but only stronger candidates converted the energy released into a mass in u to then be
added to the other two masses. 

(ii)  The correct equation was used by most candidates. Stronger candidates were able to follow
through the subtraction of energies that gave the value for the energy of the gamma photon.

(ii)  Stronger candidates identified that they should be describing the energy of a gamma photon and its
relationship to wavelength.

(c) Candidates who mentioned another product of the decay usually knew the correct product. Weaker
candidates were unaware of the impact of the energy sharing between the products on the energy
available to each gamma photon. Stronger candidates appreciated that each decay involved a
single gamma photon.

Question 9

(a) The relationship between temperature and wavelength was generally understood. Some
candidates omitted reference to the surface temperature or did not mention a star or black body.

(b)  Many candidates wrote at least one answer that, although factually correct, was not a conclusion 
that could be drawn from the data. Some were simply readings of the data itself, put into words.
This would suggest that candidates would benefit from exercises in differentiating between the data
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Question Answer Marks 

9(a)(i) electromagnetic wave can behave like a particle B1 

moving particle can behave like a wave B1 

9(a)(ii)  = h / p M1 

h is the Planck constant A1 

9(b)(i) Any two points from: 

• pattern similar to diffraction of light 

• diffraction (pattern) is characteristic of wave behaviour 

• rings show constructive and destructive interference 

B2 

9(b)(ii) (de Broglie) wavelength decreases B1 

rings become closer together B1 
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sharp start and finish to the curve at   = 0° or at   = 360°, and a line that was wrongly or
insufficiently curved between the peaks and troughs. The skill of accurately drawing a correct
sinusoidal shape is one that would have been of significant benefit in this question. The labelling of
the y -axis with values regularly showed number positioning that was imprecise. Few candidates
marked the exact position of their values on the grid line, and it was not uncommon to see the
negative labels missing a minus sign. Repetition of the power of ten on the axis numbers was also
a common error. These two errors appeared across the full range of overall candidate
performance.

(b)  Only the strongest candidates realised that adding a ferrous core would increase the magnetic flux
density.

Question 7

(a) (i)  Stronger candidates identified both the change to the oscillations and the cause of that change.
Weaker candidates confused the resistive force on the bar magnet with the resistance in the circuit.  

(ii)  The words ‘oscillation’, ‘displacement’, ‘amplitude’, ‘time’ and ‘period’ were often confused with
each other by weaker candidates when describing the gradual reduction in amplitude over time.
‘Maximum amplitude’ was also an incorrect phrase seen. 

(iii)  This was one of the more difficult questions on the paper. Candidates were expressly required to
focus on conservation of energy, and needed to link two parts of the process in their description,
such as magnetic flux change and induced e.m.f., or current and thermal energy dissipation in the
resistor. Only the strongest candidates were able to do so, with many candidates focusing instead
on the impact of Lenz’s law and opposing forces. Whilst many candidates described a change of
magnetic flux inducing an e.m.f., there was significant confusion over the process.  

(b) Most candidates understood the effect of the increase in resistance, and correctly described the
reduction in damping or the increase in the number of oscillations. Few candidates identified the
lower thermal energy dissipation or lower resistive force caused by the reduction in the current.  

Question 8

(a) The four diodes were correctly and carefully drawn by most candidates. The correct diode
directions were identified less often, and incomplete connections to the diodes were occasionally
seen. 

(b) (i)  Many candidates of all abilities drew an incomplete graph, omitting the charging section of the
curve from the minima to the peaks. The decay sections of the graph curved the correct way in
most answers. More careful reading of the question might have prevented the incorrect choice of
V 0 / 3 as the minimum voltage. 

(ii)  This question highlighted the importance of showing every step of the working clearly. Here,
evidence of the derivation of the decay period from the graph was often missing. This meant that, if
the final answer was also incorrect, there was no opportunity to award credit for the working.  

(iii) Stronger candidates were able to identify both that the time constant increased and that this
reduced the difference between minimum and maximum output voltage. Weaker candidates often
wrongly implied that the output voltage was always increased (including the maximum V 0). 

Question 9

(a) (i)  Candidates were more likely to discuss examples exclusively, rather than describe the general
picture of wave –particle duality. The particle-like behaviour of an electromagnetic wave was the
half of the required answer that was most successfully described. It was rarely mentioned that a
particle needed to be moving to show wave-like properties.  

(ii)  This question was generally well answered.

(b) (i)  Candidates who focused on what wave nature entailed were more successful in this question. The
opportunity to compare the pattern shown with that of other waves was rarely taken. Interference
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was mentioned by some candidates but often without identifying that the light and dark rings
represented regions of constructive and destructive interference. 

(ii)  The reduction of the de Broglie wavelength was well understood by most candidates, and
descriptions of how that occurred were often very accurate. Descriptions of the change to the
pattern, on the other hand, were often too imprecise to be given credit, weaker examples being the
use of the words ‘pattern’ or ‘lines’ rather than ‘rings’ or ‘circles’. 

Question 10

(a) Many candidates were well prepared for this question, and it was common to see a full answer
covering all the marking points. Reading the question carefully would have shown that this question
was only asking for a description of the method of generation of ultrasound at the natural frequency
of the crystal. Additional descriptions of the pathway of the ultrasound in the body, and the
reception of the returning waves were not assessed. Some candidates wrongly described a current
passing through the crystal. 

(b) (i)  The product of density and speed was mostly well known by candidates, but fewer were specific
about what had the speed and where that speed occurred. 

(ii)  Answering this question required a careful choice of words. It was clear that the general picture of
the physics involved when ultrasound meets a boundary between two media was understood by
many candidates. Any errors were usually because of imprecision in the use of words, such as
describing the two specific acoustic impedances as being just ‘different’ rather than ‘very different’

(for example). Likewise, the reflected fraction  was often described as ‘big’ or ‘small’ rather than
relating it to the extreme values of 1 or 0. 

(c) This question was generally well answered, and most candidates were able to give a correct unit
consistent with their value. 

Question 11

(a) (i) The correct spelling of the technical term ‘fusion’ was required to ensure that there was no possible
ambiguity with ‘fission’. Many candidates either misspelled the term fusion or believed that the
nuclear reaction given was fission.

(ii) Most candidates appreciated that this was a ‘show that’ question, and so they laid out their
derivation and substitutions clearly. Occasionally, the conversion of the mass defect from atomic
mass units to kg was not shown, but most candidates were successful in this question.

(b) (i) Only stronger candidates were able to identify that the mass of helium (whether one atom or one
mole) was the quantity to be used in the calculation. Most candidates appreciated that three
significant figures were required for their answers. Weaker candidates wrongly attempted to use
the Stefan –Boltzmann law.

(ii)  Most candidates were able to process the data provided to give the star’s surface temperature to
three significant figures. Occasionally the fourth root proved a source of arithmetical error.
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9(a) emission of electrons (from a metal surface) B1 

 when electromagnetic radiation is incident (on surface / electrons) B1 

9(b)(i) current falls to zero when applied voltage equals energy per unit charge of emitted electrons B1 

 energy of photon depends on frequency B1 

 maximum energy of electron depends on energy of photon B1 

9(b)(ii) Any three points from: 

• threshold frequency = 1.5 × 1015 Hz 

• threshold wavelength = 2.0 × 10–7 m 

• work function = 6.2 eV (or 9.9 × 10–19 J) 

• Planck constant = 6.6 × 10–34 J s (not 6.63 × 10–34 J s) 

• number per unit time (of photons / electrons) = 1.7 × 1016 s–1 (in stage 1) 

• power of incident radiation = 0.028 W (in stage 1) 

B3 
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(ii)  As with (b)(i), most candidates knew the correct starting equation, but some had difficulty with the

unit conversion into k.

(iii)  Some weaker candidates were unsure how to answer this question, but most candidates knew that
time constant is the product of resistance and capacitance and were able to use their answers in
the previous two parts correctly.

(c)  Candidates found this question difficult. The idea of variations with time that are exponential occurs
in two places within the syllabus, in the capacitance topic and the topic of radioactive decay, and
candidates should appreciate that exponential variations occur when the rate of change of a
quantity is directly proportional to the quantity itself. In the case of capacitor discharge, candidates
were expected to make the points that, because the current in the resistor is proportional to V R and
the charge on the capacitor is proportional to V C, and because V C = V R, it follows that the current in
the circuit is proportional to the charge on the capacitor. And since the current in the circuit is the
rate of decrease of charge, it then follows that the rate of decrease of charge is proportional to the
charge, hence the variation of charge with time is exponential.

Question 8

(a) (i) Most candidates were able to identify the type of rectification as half-wave from the circuit in Figure
8.1.

(ii)  This question was generally well answered, with most candidates able to calculate the peak value
of a sinusoidal alternating voltage from its r.m.s. value.

(b) (i)  Again this question was generally well answered, with most candidates able to use the peak
voltage correctly with P  = V 2 / R  to calculate the peak power.

(ii)  Whilst most candidates were able to achieve at least partial credit for this graph, full credit was
relatively rare. The two common mistakes were to draw the power  –time graph for full-wave
rectification rather than for half-wave rectification, and to not draw the correct shaped curve,
particularly in the region close to the time axis. Most of the graphs seen, whether full- or half-wave
rectified, were based on | sin | curves rather than sin2 curves, without smooth troughs at the base.

(iii)  This was a challenging question that required candidates to explain the two relevant ½ factors,
one from the symmetry of the non-zero power sections giving a mean power of ½P 0 within those
sections, and the other from the removal of half of the power by the half-wave rectification.
Common misconceptions were that the whole power  –time graph was symmetrical about ¼P 0, and
that the effect of half-wave rectification was to halve the peak power.

(iv)  Candidates who understood the concept of r.m.s. voltage were able to use the information that the
mean power is a quarter of the peak power together with their value of the peak power to calculate
the correct r.m.s. voltage. Many candidates found this question challenging.

Question 9

(a) This question was generally well answered, with most candidates able to state that the
photoelectric effect is the emission of electrons from a metal surface when electromagnetic
radiation is incident upon it. Some weaker candidates confused the roles of the photons and the
electrons in the process.

(b) (i) Many candidates misunderstood the point of this question and discussed in detail why a threshold
frequency exists for photoelectric emission. Candidates who realised that this question was all
about the maximum kinetic energy of the electrons after emission were more successful in gaining
credit. Many candidates were too vague in their discussion of ‘energy’, often just using the term
generically despite there being three different energies involved in the process (photon energy,
work function energy and electron kinetic energy). To achieve credit, candidates needed to be clear
which of these energies they were referring to when discussing ‘energy’.

(ii)  Many candidates found this question difficult, either giving qualitative rather than quantitative
conclusions, or simply giving descriptions of the graphs rather than drawing conclusions from them.
Quantities that candidates could calculate from the graph data to achieve credit included the
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threshold frequency of the metal, the threshold wavelength, the work function, a value for the
Planck constant, the number per unit time of incident photons and the power of the incident
radiation. In answering this type of question, candidates should be advised that they need to give
all calculated values with a correct unit and to an appropriate number of significant figures.

Question 10

(a)  Most candidates were able to give the correct meaning of the term spontaneous, although some
weaker candidates conflated it with the term random.

(b) (i) Most candidates successfully determined the correct half-lives from the graph, but many of them
found it difficult to give dimensionally correct answers for the decay constants and the values of N 0.

(ii)  A significant number of candidates determined the correct value of t  as 12T  for full credit. Of those
that were not able to determine the correct answer, partial credit was available for correct

substitution into  A =  A0 exp ( – t ) and then for equating the two expressions for activity. Candidates
needed to take care with their use of t  and T  in the substitution, because t  and T  have different
meanings in this question and both are required in the substitution. Some candidates equated
values of N  rather than  A, which examiners took as an incorrect starting point for the question.

(c) Most candidates realised that the underlying reason for the difference in measured count rate and
activity was that the detector does not detect all of the radiation emitted during the radioactive
decay process. Weaker candidates often were not able to give reasons why the detector does not
detect all the radiation.
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Question Answer Marks 

8(a) wavelength associated with a moving particle B1 

8(b)  = h / p C1 

   = (6.63 × 10–34) / (9.11 × 10–31 × 4.9 × 107) 

 

  = 1.5 × 10–11 m 

A1 

8(c) similarity: any one point from: 

• same mass 

• same magnitude of charge 

• both leptons 

B1 

 difference: any one point from: 

• electron has negative charge, positron has positive charge 

• positron is anti-particle of electron 

• electron is a particle, positron is an anti-particle 

B1 

8(d)(i) (pair) annihilation B1 

8(d)(ii) their mass gets converted into energy B1 

 (their mass–energy) becomes the energy of the gamma photons B1 

8(d)(iii) they travel in opposite directions to conserve momentum B1 

8(d)(iv) kinetic energy = ½ × 9.11 × 10–31 × (4.9 × 107)2 = 1.1 × 10–15 J  A1 
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(ii) Most candidates gave the correct answer. Some weaker candidates drew arrows far from point Y
and in some cases well outside the region of the magnetic field.

(iii)  Most candidates gave the correct answer, although some curves were carelessly drawn with
changes in curvature or discontinuities.

(c) (i) Some candidates’ responses relied upon a diagram for some of the credit. This was acceptable,
but candidates should be reminded the diagrams are only ever likely to be given credit when they
are labelled. Many diagrams were not labelled sufficiently for it to be clear what was being shown.
Written descriptions of the required direction of the electric field were frequently insufficiently
precise.

(ii) Most candidates gave a correct derivation and the correct answer.

Question 8

(a) The majority of the candidates gave the correct textbook or syllabus answer. Some attempted a
definition based upon the equation for the de Broglie wavelength. A significant number of
candidates specified a particle (commonly an electron) or in a few cases referred to a photon.

(b) Most candidates knew the equation and gave the correct answer.

(c) Most candidates correctly identified a similarity and a difference. A small number of candidates
stated a difference as the charges being ‘different’ rather than ‘opposite’, and this was considered
to be incomplete as it could refer to the magnitude of the charge and thus be incorrect.

(d) (i) Most candidates gave the correct answer. 

(ii) Candidates did not always make it clear that the mass –energy conversion was the origin of the
energy of the gamma-ray photons. Some responses incorrectly suggested that the photons were
produced in addition to the energy released by the annihilation of the electron –positron pair.

(iii) Most candidates identified conservation of momentum as the reason, but not all of these
candidates explained that this was achieved by the photons travelling in opposite directions. A
significant number of weaker candidates gave the fact that there were two particles annihilated as
the reason for two photons being produced.

(iv) This should have been a straightforward ‘show that’ question using a familiar starting equation for
kinetic energy. A significant number of candidates made errors with an incorrect mass or power of
ten, or not showing the substituted speed being squared.

(v) Only the strongest candidates recognised that the sum of the kinetic energy and the energy of the
mass of the particles was required. Most candidates only gained partial credit for one of the two
starting equations.

Question 9

(a)  A significant proportion of candidates were unable to give a clear and unambiguous definition.

(b) Only strong candidates were able to gain full credit. Most candidates could not explain the nature of
an exponential change, for example as a particular fractional change taking the same amount of
time or as the rate of change of N  being proportional to N . Some attempts at explanations referring
to half-life were incomplete.

(c) (i)  The majority of the candidates gave the correct answer

(ii)  Most candidates gave the correct answer, some with the benefit of an error carried forward from (i).

(iii)  Although many candidates gained full credit, most gained partial credit because the curve was
drawn without sufficient care, sometimes resulting in zero gradient or a positive gradient at some
times.
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7(b)(ii) (v = at so) distance moved in time t = att C1 

  = BA C1 

 E = ( / t) = B  L  (att) / t = BLat A1 

7(b)(iii) B = (0.30  10–3) / (0.45  7.8  2.0) C1 

  = 4.3  10–5
 T A1 

   

Question Answer Marks 

8(a) • quantum of energy M1 

 • of electromagnetic radiation A1 

8(b)(i) ()E = hc /  C1 

  = (6.63  10–34  3.00  108) / (1.96  1.60  10–19) C1 

  = 6.3  10–7 m A1 

8(b)(ii) number per unit time = power / energy per photon 
 

 = (1.0  10–2) / (1.96  1.60  10–19) 
 

 = 3.2  1016 s–1 

A1 
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  = (6.63  10–34  3.00  108) / (1.96  1.60  10–19) C1 

  = 6.3  10–7 m A1 

8(b)(ii) number per unit time = power / energy per photon 
 

 = (1.0  10–2) / (1.96  1.60  10–19) 
 

 = 3.2  1016 s–1 

A1 
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Question Answer Marks 

8(b)(iii) either: force = rate of change of momentum 

or: F = p / t 
C1 

 p = E / c C1 

 half the photons have change in momentum p, the other half have change in momentum 2p C1 

 F = [(1.96  1.60  10–19) / (3.00  108)]  3.2  1016  [(2 + 1) / 2] 
 

 = 5.0  10–11 N 

A1 

   

Question Answer Marks 

9(a)(i) either: cannot predict when a (particular) nucleus will decay 
or: cannot predict which nucleus will decay next 

B1 

9(a)(ii) not affected by external / environmental factors B1 

9(b) time for activity to halve B1 

9(c) energy = (189  7.826) + (4  7.074) – (193  7.774) C1 

  = 7.03 eV A1 

9(d)(i) decay constant A1 

9(d)(ii) decay constant / magnitude of gradient = 1.4 / 0.84 C1 

 half-life = ln2 / (1.4 / 0.84) 
 = 0.42 ms 

A1 

9(e)(i) positrons collide with electrons and annihilate B1 

9(e)(ii) long enough to have time to conduct investigation, not so long as to cause patient unnecessary exposure to radiation B1 
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(c)  Many candidates explained why the particles pass through the field region undeviated, rather than 
addressing the question asked, which focussed on the expression in part (a) and how this 
expression shows that the speed for undeviated path is independent of the mass and charge of the 
particle. Many other candidates, who did address the question asked, gave only one of the factors 
of mass and charge as not appearing in the equation, forgetting that both quantities differ between 
protons and alpha particles. 

 
(d)  Weaker candidates were confused between the current direction and the direction of the electric 

force on the particles. Many candidates, however, gave a correct analysis of the three terms 
involved in the left-hand rule, and full credit was common for the more able candidates. 

 
(e)  Many candidates were unable to draw the required curve with consistent curvature, and many 

paths were seen that involved a discontinuity in the path at the point of entry into the field region. 
Most candidates had the direction of deflection incorrect, with only the strongest candidates able to 
deduce that with an unchanged electric force but a larger magnetic force, the faster particles will 
deflect upwards. 

 
Question 7 
 
(a)  Faraday’s law of electromagnetic induction was generally well-known, and full credit was common. 
 
(b) (i) A large proportion of the weaker candidates missed the point of this question and focussed solely 

on the trend of Figure 7.2. The candidates who were successful in answering this question spotted 
that, whilst Figure 7.2 concerns the relationship between E and t, the question was about the 
relationship between E and v. The starting point for answering correctly required the direct 
proportionality between v and t to be established from the information that the acceleration of the 
rod is uniform from rest. A significant minority of weaker candidates thought that v was inversely 
proportional to t. 

 
 (ii) This challenging derivation required candidates to think of the scenario of the rod moving a short 

distance ∆x in a short time ∆t. Many candidates conflated t with ∆t and were thus unable to produce 
a derivation based on correct physics. 

 
 (iii) Generally well-answered, with many candidates obtaining the correct answer. A common mistake 

was for candidates to miss the power-of-ten conversion required in the value of E. 
 
Question 8 
 
(a)  The identity of a photon, as a quantum of energy of electromagnetic radiation, was generally well-

known, although a significant minority of candidates omitted any reference to energy (as the 
quantity that is quantised) in their answer. 

 
(b) (i) Generally well-answered, with correct answers being deduced by many candidates. 
 
 (ii) The stronger candidates generally calculated the number of photons per unit time, from the power 

and the photon energy, correctly. A common mistake among some of the weaker candidates was 
to give an answer that is the reciprocal of the number per unit time. Candidates should consider 
checking whether their numerical answers have a plausible magnitude to identify errors that have 
been made during the calculation. 

 
 (iii) This was a challenging question. Many candidates successfully got as far as deducing that the 

average force is equivalent to some multiple of the product of the photon energy and the number of 
photons per unit time. However, many of the candidates were not able to determine that this 
multiple had to be 3/2 from the information about half of the photons being absorbed and half of 
them reflected. Some of the stronger candidates did make this connection, and these candidates 
generally went on to achieve full credit for the question. 

 
Question 9 
 
(a) (i) The meaning of the random nature of radioactive decay was not well understood. Many candidates 

appeared to know that it concerned something being unpredictable but could not articulate that this 
unpredictability is to do with when individual nuclei decay. Many candidates appeared to think that 
everything about radioactive decay is unpredictable, which is not correct.  
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Question Answer Marks 

9(a) diffraction is characteristic of wave behaviour so shows that electrons can behave like waves B1 

9(b) qV = ½mv2 C1 

 p  = mv C1 

 p = m  √(2qV / m) 
 
 = √(2qVm) 

A1 

9(c) (electrons have) greater momentum so smaller (de Broglie) wavelength B1 

 fringes become closer together B1 

9(d)(i) straight line with positive gradient B1 

 line with positive gradient passing through the origin B1 

9(d)(ii) Planck constant B1 
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(iii)  This question was generally well answered.

(c)  This was a more demanding question. The aim of the question was to show separately the
calculation of the mean and peak powers, from the r.m.s. and peak currents respectively, and then
to use them to prove that the mean power is half the peak power. It was common for weaker
candidates to take the relationship to be proved as the starting point, and to calculate one of the
powers using it. This was not what they were asked to do and could not achieve full credit.

Question 9

(a)  Many candidates needed to pay closer attention to the command word for this question. ‘Explain’ 
requires more than just a statement. Candidates needed to do two things to gain credit; firstly, to
establish that diffraction and interference are characteristic behaviour associated only with waves,
and secondly, to conclude from that that the observation provides evidence for the wave nature of
moving electrons. Many candidates did the second of these but not the first. Some candidates gave
contradictory responses by suggesting that the observation provides evidence for both the wave
nature and the particle nature of electrons.

(b) Most candidates were able to obtain credit for the equation p  =mv . Fewer candidates gave the
correct conservation of energy equation qV  = ½mv 2. The strongest candidates correctly completed
the algebra by eliminating v  between the two equations to arrive at the correct final answer.

(c) Many candidates realised that the increased momentum of the electrons decreases their de Broglie
wavelength, though some found it difficult to make the link. The strongest candidates were able to
articulate that the effect of this change on the interference pattern is that the fringe spacing
decreases.

(d)  Both parts of this question were generally well answered, with many candidates achieving full
credit.

Question 10

(a)  The meaning of ‘spontaneous’ was generally better understood than the meaning of ‘random’.
Many responses to the latter were too vague to be awarded credit, with weaker candidates
appearing to think that all aspects of radioactive decay are unpredictable. Candidates are expected
to realise that the unpredictability is only on the level of individual nuclei, and that on the
macroscopic scale the process is highly predictable. Understanding of the experimental evidence
for the random nature of decay was generally not well articulated.

(b) (i)  To give a creditworthy account of the differences between nuclear fission and nuclear fusion,
candidates needed to be very clear when they were referring to a single nucleus and when they
were referring to multiple nuclei. Only a minority of candidates explained that fission involves a
single nucleus splitting into multiple nuclei, with many describing processes that are more akin to
radioactive decay. Explanations of fusion often relied on the word ‘fuse’, which is part of the term
that the question is asking about, and so candidates needed to make clear that this involves two
nuclei joining together to make a single nucleus.

(ii) Many responses were seen that were not incorrect in what they said, but that did not answer the
question asked. There were many discussions, for example, of mass defect, but the question
asked for a discussion of the variation of binding energy per nucleon with nucleon number. A space
was provided for candidates to draw a sketch graph of this variation, and candidates that did this
(provided the graph was correctly labelled) were generally more successful in answering the
question than those that did not.

9702_w24_qp_42_qu_009 ER



9702/41 Cambridge International AS & A Level – Mark Scheme 
PUBLISHED 

October/November 2024 

 

© Cambridge University Press & Assessment 2024 Page 13 of 15  
 

Question Answer Marks 

8(a) photoelectric effect B1 

8(b)(i) E = hf C1 

work function = 6.63  10–34  8.8  1014 

 

 = 5.8  10–19 J 

A1 

8(b)(ii) hf =   + ½ mvMAX
2 C1 

6.63  10–34  11  1014 = (5.8  10–19) + (½  9.11  10–31  vMAX
2) C1 

vMAX = 5.7  105 m s–1 A1 

8(c) EMAX shown as zero from f = 8.0 to 8.8 and non-zero from f = 8.8 to 11 B1 

all non-zero EMAX shown as a single straight line with a positive gradient B1 

line passing through (11, 1.45) B1 
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Question Answer Marks 

8(a) packet / quantum of energy M1 

of electromagnetic radiation A1 

8(b)(i) electron(s) B1 

8(b)(ii) X labelled � and Y labelled + B1 

8(c)(i) 0.032 MeV A1 

8(c)(ii) momentum = E / c C1 

momentum  = (0.032 × 1.60  10�13) / (3.00  108) 
 

   = 1.7  10�23 N s  

A1 

8(c)(iii) E = hf  and   = c / f C1 

 = hc / E 
 

 = (6.63  10�34 × 3.00  108) / (0.032  1.60 × 10�13) 

C1 
 

 = 3.9  10�11 m  A1 

8(d) discussion of bone and soft tissue B1 

discussion of different attenuation (coefficients) 
or 
discussion differences in penetration / transmission / absorption 

B1 
 

transmitted intensities (by bone and tissue) are very different (leading to good contrast images) B1 
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current in a wire. Whilst it is then possible to derive the correct equation from that starting point, it 
was rarely done successfully. 

 
Question 6 
 
(a)  This was a challenging question. Most candidates simply gave a description of the graph and of the 

current reduction, rather than explaining how the exponential fall took place by showing the 
relationships between charge, potential difference and current. It was often unclear whether the 

capacitor or the resistor was being referred to, with generic symbols V, I and Q being used. 
 
(b) (i) Incorrect reading of the current value from the graph was a common reason for full credit not to be 

awarded. This error was seen across the range of abilities, and included a wrong power of ten and 
a misjudgement of the scale beyond the 0.1 mA point. 

 
 (ii) Stronger candidates were able to identify an appropriate point on the line, insert those values into 

the equation for exponential decay and calculate a time constant. The use of a small time period 
often increased the error in reading the current, resulting in an incorrect final answer. Weaker 

candidates unsuccessfully attempted to use the  = RC equation. 
 

(c)  Most candidates were able to state the  = RC equation. The majority of those were then able to 
use their previous two answers to successfully proceed to a value for the time constant. 

 
Question 7 
 
(a)  The majority of candidates recognised that rectification was taking place, but ‘full-wave’ was not 

always included in their response. A small number of candidates tried to describe a different circuit 
that included a capacitor, and therefore wrongly talked about smoothing. 

 
(b) (i) Most candidates recognised that this ‘show that’ question required full working to be shown. 
 
 (ii) The majority of the candidates found it difficult to appreciate the impact of squaring the voltage to 

produce the sinusoidal shape of the power–time graph, and they repeated a full-wave rectification 
graph instead. Phase and period were generally incorporated correctly into the sketch graph. 
Weaker answers showed a lack of precision in the sketching of the curves, resulting in errors in the 
position of one or more of the maxima. Stronger candidates drew accurate sine waves in general, 
but often the beginning and end of their sketch graph was that of a ‘rectified’ rather than sinusoidal 
shape. 

 
 (iii) The correct answer was shown by most candidates. The most common error was to include √2 in 

the calculation. 
 
(c)  Stronger candidates were able to describe the independence of power from the current direction 

across all values of voltage or current, or to indicate the manifestation of that in identical power–
time graphs. 

 
Question 8 
 
(a)  This was a straightforward question that was possible to answer by recall. However, where 

candidates deviated from a learned response, their answer often displayed a fundamental 
misunderstanding that a photon was a part of, or a component of, electromagnetic radiation. A 
significant minority did not mention energy at all. 

 
(b) (i) This question was generally well answered, although giving more than one name indicated 

uncertainty by some candidates. 
 
 (ii) Despite correctly identifying electrons as the particles emitted in (b)(i), many candidates then did 

not appreciate that the anode (and therefore terminal Y) needed to be positive. 
 

(c) (i) Many candidates tried to carry out an unnecessary conversion by applying the charge on an 
electron to the accelerating voltage. This would seem to indicate a weakness in understanding the 
use of the electronvolt as an appropriate unit of energy, and further study of this topic might be 
helpful. 
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 (ii) Stronger candidates were able to utilise the equation E = pc and convert the energy into joules to 

obtain the maximum photon momentum. The conversion factor was often omitted by many 
candidates but credit was still gained for the starting equation. 

 
 (iii) Either of the two previous answers could have been used by candidates with the appropriate 

starting equation linking energy or momentum with wavelength. This was sometimes not 
appreciated, and it was not uncommon to see both methods attempted or combined. 

 
(d)  This question produced a broad range of responses. A move from the given phrase ‘body 

structures’ to identifying actual contrasting mediums in those structures (e.g. bone and soft tissue) 
achieved credit. However, descriptions were often simplistic, describing ‘stopping’ X-rays, and 
therefore did not compare two different mediums in the same way (i.e. the greater/lesser 
absorption properties of each). The strongest answers identified that it was the transmitted 
intensities that produced the difference in contrast on the film or detector. Weaker answers talked 
about different ‘blackening’ without an explanation of the cause of any difference. 

 
Question 9 
 
(a)  Many answers used imprecise statements, expressing the half-life in terms of mass or total nuclei 

rather than activity. Terms such as atom, nucleon and nucleus were often used wrongly in this 
context. 

 
(b) (i) An understanding that the gradient of the curve was the number of nuclei decaying per unit time 

meant that the majority of the candidates correctly identified the name of the quantity as ‘activity’. 
 
 (ii) A full range of marks was seen on this question. Responses that directly described the graph 

without drawing a conclusion did not gain credit. Some element of processing or derivation was 
required. Stronger candidates were able to derive a numerical value for the half-life, or for the 
activity at some fixed time, and could include an appropriate number of significant figures and the 
correct unit. 

 
(c)  This was a question in which the ability to set working out clearly was of benefit to the candidate, 

as credit was available for stages in the process of getting to the final answer. Despite the 
complexity caused by the variety of possible approaches, it was generally well answered. Many 
candidates understood that the final answer for nucleon number needed to be an integer. 

 
Question 10 
 
(a) (i) This was a recall question that was generally answered successfully. 
 
 (ii) Many candidates were familiar with the method, starting with a clear explanation of a standard 

candle and finishing with the correct equation to link luminosity, radiant flux intensity and distance. 
There was often some confusion shown as to how the radiant flux intensity was arrived at. Weaker 
answers attempted to combine Doppler shift and Hubble’s law with luminosity. 

 
(b) (i) Many candidates correctly applied the Stefan’s law equation and calculated a correct final answer 

including a correct unit. However, some of those did not appreciate that the data were given to 
three significant figures and the answer could also be given to three significant figures. 

 
 (ii) The relationship between the wavelength of peak radiation and temperature was known by many 

candidates, although it was common for the ratio between the two wavelengths to then be written 
the wrong way around, yielding an incorrect answer. Some candidates ignored the data provided 
for the Sun and instead used a remembered value for Wien’s constant that did not match the 
precision of the other data. This resulted in an inaccurate final answer. 
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Question Answer Marks 

7(a) p = E / c C1 

  = (3.11  10–19) / (3.00  108) 
 = 1.04  10–27 N s 

A1 

7(b)(i) E = hf and c = f so 
 

energy of one photon = hc /  
 
350  10–3 = N  (6.63  10–34  3.00  108) / (640  10–9) 

C1 

 N = 1.1  1018 A1 

7(b)(ii) F = (change in) momentum / time  M1 

 Clear use of p = E / c and t = E / P to complete the algebra and arrive at the final equation:  
e.g. F = [E / c] / [E / P] = P / c 

A1 

7(c)(i) maximum wavelength (of electromagnetic radiation) that causes electrons to be emitted (from surface of metal)  B1 

7(c)(ii) work function = 2.26  1.60  10–19 (J) 
 

E = hc /  so 

(2.26  1.60  10–19) = (6.63  10–34  3.00  108) / 0 

C1 

 0 = 5.50  10–7 m A1 

   

Question Answer Marks 

8(a) (minimum) energy required to separate the nucleons (of a nucleus) M1 

 to infinity A1 

8(b)(i) 4 A1 
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Question Answer Marks 

8(a) packet / quantum of energy M1 

 of electromagnetic radiation A1 

8(b)(i) photoelectric effect B1 

8(b)(ii) • electron needs a minimum energy to escape 
 or 
 electron emitted if energy in packet is enough 

• energy must be absorbed in packets that are related to frequency 

• intensity relates to number of packets (not to energy in packet) 

• electron absorbs only a single whole packet 
Any three points, 1 mark each 

B3 

8(c)(i) Planck constant B1 

8(c)(ii) – work function (energy) B1 
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(b) (i) This question was well answered, with many candidates achieving full credit. 
 
 (ii) A significant minority of candidates thought that the variation with time of the induced e.m.f. was 

proportional to the magnetic flux rather than to its rate of change. Candidates that did understand 
the laws of electromagnetic induction were usually able to achieve at least some of the credit 
available, and the mark scheme was structured in such a way as to enable a variety of ways of 
obtaining partial credit. Many of the stronger candidates obtained full credit. 

 
Question 8 
 
(a)  The identity of a photon as a quantum of energy of electromagnetic radiation was generally well 

understood. 
 
(b) (i) Many candidates correctly identified the phenomenon described as the photoelectric effect. 
 
 (ii) Candidates that read the question and took time to try to answer it had a variety of ways in which 

credit could be awarded. Many candidates attempted to answer a different question, and either 
attempted to list the other features of the photoelectric effect that provide evidence for the photon 
model or repeated the description of what is meant by the threshold frequency that was already 
contained in the question.  These responses could not be awarded credit, so candidates should 
always be encouraged to check that they are answering the question that has been asked. 

 
(c)  A variety of different answers were seen for both parts of this question. Part (c)(i) was generally 

more often correctly answered than (c)(ii). Many candidates did realise that the answer to (c)(ii) 
was an energy, but common incorrect answers were the photon energy and the kinetic energy of 
the emitted electron. 

 
Question 9 
 
(a) (i) Many candidates gave part of the answer but not a full answer as to what is meant by a tracer. A 

significant minority of weaker candidates attempted to describe how a tracer is used rather than 
answering the question that was asked. 

 
 (ii) This question was a straightforward exercise in balancing a nuclear equation.  Some candidates 

did not know the symbol for a positron, and many others did not know the effect on proton number 
and nucleon number of beta-plus decay. 

 
(b) (i) Most candidates were able to state that positrons encounter electrons and undergo annihilation. 

The idea that this involves all of the mass of the particles becoming the energy of the gamma 
photons was less well articulated by many candidates. 

 
 (ii) There was much confusion with other types of medical imaging in responses seen to this question, 

with image formation in ultrasound scanning and CT scanning being commonly discussed. 
 
(c) (i) Many candidates were able to access either or both of the marks available for use of the correct 

starting equations. Full credit for a fully correct final expression was only awarded to a small 
number of candidates who realised that there are two photons produced from each decay. 

 
 (ii) Many candidates correctly drew a smooth exponential decay curve or a line passing through the 

correct points at t = T and t = 2T. The number of candidates who demonstrated both of these 
features was comparatively small. 

 
Question 10 
 
(a)  Most candidates knew that Wien’s displacement law involves a wavelength being inversely 

proportional to a temperature, but only the strongest candidates were able to correctly identify 
what, in the context of Wien’s law, is meant by wavelength and temperature. Common mistakes 
were to describe the wavelength as a ‘maximum wavelength’ and/or to omit that the temperature is 
the thermodynamic temperature of a surface. 

 
(b) (i) This question was generally well answered, although a significant minority of candidates attempted 

to describe what standard candles are used for rather than stating what one is. 
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Question Answer Marks 

8(a)(i) p = E / c M1 

 E = hc /  and completion of algebra leading to p = h /  A1 

8(a)(ii) wavelength = (6.63  10–34) / (9.5  10–28) = 700  10–9 m so red B1 

8(b)(i) power = intensity  area C1 

 number per unit time = (160  2.5  10–6) / (9.5  10–28  3.00  108) = 1.4  1015 s–1 A1 

8(b)(ii) pressure = force / area C1 

 force = rate of change of momentum 
 

 = 2  9.5  10–28  1.4  1015 

C1 

 pressure = (2  9.5  10–28  1.4  1015) / (2.5  10–6) 
 

 = 1.1  10–6 Pa 

A1 

8(c) photons have greater momentum 
or 
fewer photons per unit time 

B1 

 greater photon momentum but smaller number of photons (per unit time) so pressure is the same B1 

9702/41 Cambridge International AS & A Level – Mark Scheme 
PUBLISHED 

October/November 2023 

 

© UCLES 2023 Page 14 of 16  
 

Question Answer Marks 

8(a)(i) p = E / c M1 

 E = hc /  and completion of algebra leading to p = h /  A1 

8(a)(ii) wavelength = (6.63  10–34) / (9.5  10–28) = 700  10–9 m so red B1 

8(b)(i) power = intensity  area C1 

 number per unit time = (160  2.5  10–6) / (9.5  10–28  3.00  108) = 1.4  1015 s–1 A1 

8(b)(ii) pressure = force / area C1 

 force = rate of change of momentum 
 

 = 2  9.5  10–28  1.4  1015 

C1 

 pressure = (2  9.5  10–28  1.4  1015) / (2.5  10–6) 
 

 = 1.1  10–6 Pa 

A1 

8(c) photons have greater momentum 
or 
fewer photons per unit time 

B1 

 greater photon momentum but smaller number of photons (per unit time) so pressure is the same B1 

9702/41 Cambridge International AS & A Level – Mark Scheme 
PUBLISHED 

October/November 2023 

 

© UCLES 2023 Page 14 of 16  
 

Question Answer Marks 

8(a)(i) p = E / c M1 

 E = hc /  and completion of algebra leading to p = h /  A1 

8(a)(ii) wavelength = (6.63  10–34) / (9.5  10–28) = 700  10–9 m so red B1 

8(b)(i) power = intensity  area C1 

 number per unit time = (160  2.5  10–6) / (9.5  10–28  3.00  108) = 1.4  1015 s–1 A1 

8(b)(ii) pressure = force / area C1 

 force = rate of change of momentum 
 

 = 2  9.5  10–28  1.4  1015 

C1 

 pressure = (2  9.5  10–28  1.4  1015) / (2.5  10–6) 
 

 = 1.1  10–6 Pa 

A1 

8(c) photons have greater momentum 
or 
fewer photons per unit time 

B1 

 greater photon momentum but smaller number of photons (per unit time) so pressure is the same B1 

9702/41 Cambridge International AS & A Level – Mark Scheme 
PUBLISHED 

October/November 2023 

 

© UCLES 2023 Page 14 of 16  
 

Question Answer Marks 

8(a)(i) p = E / c M1 

 E = hc /  and completion of algebra leading to p = h /  A1 

8(a)(ii) wavelength = (6.63  10–34) / (9.5  10–28) = 700  10–9 m so red B1 

8(b)(i) power = intensity  area C1 

 number per unit time = (160  2.5  10–6) / (9.5  10–28  3.00  108) = 1.4  1015 s–1 A1 

8(b)(ii) pressure = force / area C1 

 force = rate of change of momentum 
 

 = 2  9.5  10–28  1.4  1015 

C1 

 pressure = (2  9.5  10–28  1.4  1015) / (2.5  10–6) 
 

 = 1.1  10–6 Pa 

A1 

8(c) photons have greater momentum 
or 
fewer photons per unit time 

B1 

 greater photon momentum but smaller number of photons (per unit time) so pressure is the same B1 

9702/41 Cambridge International AS & A Level – Mark Scheme 
PUBLISHED 

October/November 2023 

 

© UCLES 2023 Page 14 of 16  
 

Question Answer Marks 

8(a)(i) p = E / c M1 

 E = hc /  and completion of algebra leading to p = h /  A1 

8(a)(ii) wavelength = (6.63  10–34) / (9.5  10–28) = 700  10–9 m so red B1 

8(b)(i) power = intensity  area C1 

 number per unit time = (160  2.5  10–6) / (9.5  10–28  3.00  108) = 1.4  1015 s–1 A1 

8(b)(ii) pressure = force / area C1 

 force = rate of change of momentum 
 

 = 2  9.5  10–28  1.4  1015 

C1 

 pressure = (2  9.5  10–28  1.4  1015) / (2.5  10–6) 
 

 = 1.1  10–6 Pa 

A1 

8(c) photons have greater momentum 
or 
fewer photons per unit time 

B1 

 greater photon momentum but smaller number of photons (per unit time) so pressure is the same B1 

9702_w23_qp_41_qu_008 MS



NOT FOUND:

9702_w23_qp_41 EXAMINER REPORT (Qu 8)



9702/42 Cambridge International AS & A Level � Mark Scheme 
PUBLISHED 

May/June 2023 

 

© UCLES 2023 Page 13 of 15  
 

Question Answer Marks 

8(a) transition (emits) (one) photon with energy equal to the difference in energy between the two levels B1 

 frequency of radiation corresponds to energy of photon B1 

8(b)(i) line to the left of the pair in Fig. 8.2, labelled A B1 

 larger gap between line A and the nearest of the pair in Fig. 8.2 than between the lines in the pair B1 

8(b)(ii) line to the left of both the pair in Fig. 8.2 and line A, labelled B B1 

 larger gap between line B and line A than between line A and the nearest one of the pair in Fig. 8.2 B1 

8(c) E = hf C1 

 E3 = E1 + h(fA + fB) A1 
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 As a suggestion of general guidance, when candidates are asked to apply Lenz’s law, they should 

stop to consider: what is the change that is causing the induced e.m.f.? Is it a changing field? It is it 
a changing current? Is it motion through a field? When the nature of the change has been 
determined, it is then a simple step to apply Lenz’s law to determine how that change must be 
opposed. If an increasing field, then another field set up in the opposite direction would oppose the 
change. If a decreasing field, then another field set up in the same direction would oppose the 
change. If movement through the field, then a force would oppose the motion. Then, to create the 
response around that analysis, candidates should address the particular scenario presented in the 
question and not resort to attempting to replicate irrelevant learnt answers. 

 
Question 7 
 
(a) (i) Most candidates were able to identify the circuit as producing full-wave rectification. 
 
 (ii) A variety of different responses was seen, but most candidates were able to deduce that all three 

additional diodes must point in the same direction as the one printed in the diagram. 
 
 (iii) More candidates responded correctly than incorrectly, although a significant number of candidates 

offered no response to this question. 
 
(b) (i) Many correct graphs were seen, with the award of full credit being common among the stronger 

candidates. Many of the weaker candidates drew graphs that showed no rectification. 
 
 (ii) The difference between the rectified voltage–time graph and the power–time graph is not 

understood by many candidates. Many candidates drew graphs that had the same shape as the 
answer to (b)(i). Candidates cannot appreciate the reason why the mean power is half the peak 
power for sinusoidal a.c. without knowing the correct shape for the power–time graph. 

 
 (iii) Candidates found this a very challenging question. Whilst many candidates did correctly conclude 

that the r.m.s. voltages are equal, most found it difficult to adequately articulate the reason why this 
is the case. 

 
Question 8 
 
(a) This question required accurate use of the technical terms energy levels, difference in energy 

levels, photon energy and radiation frequency. Many responses could not be awarded credit 
because these terms were not used correctly, often conflating them as all meaning the same thing. 
Examiners were looking for clear discussion of emitted photon energy as being equal to the 
difference in energy levels and having a corresponding frequency. Many responses did not have 
any discussion of photon energy at all, and simply attempted to relate frequency to the energy 
levels. 

 
(b) Many candidates did not appear to understand what was being asked in this question, and for both 

(i) and (ii) drew lines on Fig. 8.1 to represent the transitions rather than the spectral lines on 
Fig. 8.2 that were asked for. 

 
(c) Most candidates knew the photon energy equation as the starting point, and many of the more able 

candidates were able to go on to deduce the correct expression. 
 
Question 9 
 
(a) The definition of mass defect appears to be not as well known as most definitions, and many 

candidates did not give a correct answer. Many candidates tried to suggest that it is an energy, and 
others described it as a change in mass during a nuclear process. Correct use of technical terms is 
important, and many responses conflated nucleus, nucleons and neutrons by using them as 
synonymous terms. 

 
(b) (i) Weaker candidates found it difficult to identify particle X as a neutron, but the stronger candidates 

generally had little difficulty with this. 
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Question Answer Marks 

7(a) wavelength associated with a moving particle B1 

7(b)(i) (electron) diffraction B1 

7(b)(ii) beam spreads out indicating diffraction 
or 
light and dark regions indicate an interference pattern 

B1 

 electron beam is behaving as a wave B1 

7(c)(i) central blob and concentric rings B1 

 rings closer together (than previously) B1 

7(c)(ii) (greater p.d. so) electrons to have greater momentum B1 

 greater momentum so decrease in (de Broglie) wavelength B1 

 lower (de Broglie) wavelength (for same grating spacing in crystal) causes: 
smaller diffraction angle 
or 
smaller angle of intensity maxima (for each order)  
or 
decrease in fringe spacing in diffraction pattern  

B1 
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Question 5 
 
(a) (i) The majority of the candidates knew that the component was a diode and correctly drew the 

symbol. There were a few other components drawn, such as cells. There was some confusion 
between a NOT gate (which is not a symbol required by the syllabus) and a diode. 

 
 (ii) Whilst most candidates knew that the purpose of the capacitor was to smooth the output voltage, 

some were under the impression that the capacitor would decrease the output voltage. This may 
have come from thinking about the exponential curve seen for the discharge of a capacitor. In fact 
the capacitor increases the average VOUT. 

 
(b) (i) Most candidates correctly determined the frequency of the supply. 
 
 (ii) Many candidates were able to use the exponential formula to show the value of the time constant. 

Some used the total time elapsed (0.04 s) rather than the time interval (0.02 s). Some attempted to 
use τ = RC, but not enough information was known at this stage for this equation to be helpful. 

 
 (iii) There were many correct answers for the capacitance. 
 
(c) Many candidates realised that the output voltage would now be constant. Candidates found it more 

difficult to explain that this was due to the magnitudes of the positive and negative parts of the input 
voltage being equal. 

 
Question 6 
 
(a) Candidates generally knew what is meant by a magnetic field. The most common mistake was to 

refer to the force acting on a charged particle, rather than a moving charged particle. When 
candidates referred to more than one object that the force was exerted upon, they all needed to be 
correct. 

 
(b) Most candidates gained credit for drawing field lines that were concentric circles. Most candidates 

also gained credit for the direction of the field lines. However, for some candidates, the separation 
of the field lines did not convincingly increase with distance from the wire and for some the 
separation was definitely intended to be constant. 

 
(c) (i) Most candidates correctly calculated the force per unit length. 
 
 (ii) Many correct directions were stated here. However, many candidates did not either remember that 

currents in opposite directions would cause a repelling force or could use Fleming’s left-hand rule 
to deduce this from first principles. 

 
 (iii) Many candidates determined the correct magnitude of current in wire P. However, a large number 

did not explain their reasoning or did not do so fully enough. 
 
Question 7 
 
(a) The definition of de Broglie wavelength is given in the syllabus. Many candidates quoted this 

correctly but the word ‘moving’ was frequently missing. Another common mistake was for 
candidates to state a formula, which is not correct in this instance. 

 
(b) (i) The majority of candidates correctly stated electron diffraction here. Some candidates referred to 

the photoelectric effect, the production of X-rays or other phenomena showing they were not 
familiar with the diffraction of electrons. 

 
 (ii) The question asked candidates what could be concluded from the pattern in Fig. 7.2. To be 

awarded full credit, candidates had to explain that the pattern was indicating diffraction and go from 
there to explaining that therefore the electrons must be behaving as waves. Candidates often were 
given credit for stating that electrons were behaving as waves but very rarely explained the pattern. 

 
(c) (i) A common mistake here was to forget the central dark circle which will always be there no matter 

what the speed of the electrons. 
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 (ii) Candidates generally realised that an increase in p.d. would lead to a greater electron momentum 
and hence a shorter de Broglie wavelength, but they did not always explain why that changed the 
pattern. 

 
Question 8 
 
(a) (i) Most candidates correctly showed how to reach the required value of the specific acoustic 

impedance. 
 
 (ii) The majority of candidates were able to complete the table, but not all candidates gave values to 

three significant figures as required by the question. 
 
(b) (i) Most candidates applied the correct equation here and calculated the correct answer. However, 

there were some issues with rounding and quoting the final answer to the correct number of 
significant figures. 

 
 (ii) The majority of candidates reached the correct value. 
 
(c) Candidates demonstrated good knowledge of the purpose of the gel used in ultrasound scanning. 

They knew this would increase the transmission, but some candidates were imprecise in their 
descriptions, stating that ‘most’ of the ultrasound was transmitted rather than ‘almost all’ of the 
ultrasound. ‘Most’ can be very much less that almost all of it. 

 
Question 9 
 
(a) Many candidates tried to define half-life in terms of the number of nuclei present. The problem with 

this definition is that, in many cases, the number of nuclei present does not change. If this is the 
way that candidates wish to define half-life, then they need to use the words ‘radioactive’ or 
‘undecayed’ when referring to the nuclei so that the nuclei of the decay product are not part of the 
definition. A much simpler definition is the time taken for the activity of a sample to halve. 

 
(b) There were many correct lines that were accurately drawn here. However, there were also many 

candidates that drew the decay curve for carbon-11 rather than the growth curve for boron-11. 
 
(c) (i) Very few candidates realised the key point here that the probability of decay of a nucleus per unit 

time is constant, which is why the decay is random. 
 
 (ii) Many candidates did not realise that the measured count rate from a sample is always less that its 

activity. The reasons given by those candidates who correctly stated the count rate would be less 
than the activity were not always sufficiently detailed to gain credit. 

 
Question 10 
 
(a) There were many correct responses here. Some candidates mixed up Hubble’s law with Wien’s 

displacement law. The idea of velocity being proportional to distance was often known, but many 
candidates neglected to talk about the velocity being that of an object emitting light (i.e. a galaxy) 
and that the velocity was recessional. They also sometimes omitted the fact that the distance was 
from the observer. 

 
(b) Most candidates calculated the correct value for the radiant flux intensity here. Some weaker 

candidates started from an incorrect formula, and some forgot to square the distance. 
 
(c) (i) Candidates generally realised that the galaxy was moving away from the Earth, but did not always 

say that the redshift or Doppler effect was causing the increase in the wavelength of the light 
received on the Earth. 

 
 (ii) There were many correct answers to this two-step calculation. However, a large number of 

candidates used an incorrect wavelength in the denominator of the redshift equation. Some 
candidates used the value of the speed of light instead of the recessional speed in the Hubble 
equation. 
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7(a) photon absorbed (by electron) and electron excited B1 

 photon energy equal to difference in (energy of two) energy levels B1 

 photon energy relates to a single wavelength / single frequency B1 

 electron de-excites and emits photon in any direction B1 

7(b) 


= 

hc
E  

C1 

 uses 658 nm C1 

 –34 8

–9
6.63  1  0    3.00  1  0

 
658  1  0

  


= – E1 – (–3.40 × 1.60 × 10–19) 

 

E1 = –2.42  10–19
 J 

A1 
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Question 5 
 
(a)  Candidates struggled with the use of the logarithmic graph to present data. However, a good 

number were able to clearly show how the capacitance of the capacitor is found from the data.  
 
(b)  There was much confusion between log and non-log values. Many candidates substituted values of 

ln Q as Q in the exponential equation. Only the strongest candidates were able to correctly 
determine the resistance of R. 

 
(c)  The majority of candidates were able to calculate the correct answer here. 
 
(d)  Most candidates realised that a straight line from the same initial value of ln Q was required, but 

only the strongest candidates correctly deduced the quantitative effect of the parallel resistor on the 
gradient of the line. 

 
Question 6 
 
(a)  The main difficulty for candidates was thinking that the voltage is due to the principles of 

electromagnetic induction / cutting flux, rather than the Hall effect. Responses in terms of the Hall 
voltage being determined by the act of rotation, rather than the orientation of the probe relative to 
the magnetic field, were common. 

 
(b) (i) There were many incorrect or incomplete responses here. Some responses included quantities 

such as the number of turns or the number of moles that are not used to find the Hall voltage. 
 
 (ii) A good number of candidates were able to explain why copper is not used for the Hall probe. Some 

did not clear make in their statement a comparison between the two materials. For example, 
smaller n was needed, not just small n.  

 
(c)  Most candidates were able to use the correct equation for Faraday’s law. However, many 

candidates struggled to determine the correct value of flux density to use and to deduce that the 
relevant time was that relating to the steepest part of the graph. Only the strongest candidates 
were able to put all these considerations together to determine the correct answer. 

 
Question 7 
 
(a)  For descriptive questions, candidates need to be able to use technical language correctly and 

accurately. For this question, only candidates who correctly discussed the interplay of photons, 
electrons, photon energies and electron energy levels were able to achieve credit. 

 
(b)  Candidates generally struggled with this question. Some candidates were able to use the correct 

starting equation and/or identify the relevant wavelength. However, only the strongest candidates 
were able to correctly process the energy change, realising that the sign of the answer must be 
negative, and that the data requires a 3 significant figure answer. 

 
Question 8 
 
(a)  This was straightforward for most candidates.  
 
(b) (i) There were a good number of correct calculations, however a common error was to use the mass 

of the plutonium in kg and the molar mass in g mol–1 leading to a power of ten error. 
 
 (ii) The equation linking activity with number of unstable nuclei was correctly quoted by most 

candidates. However, there were errors in converting years into seconds and the use of the half-life 
in years, but the activity stated as being in Bq. 

 
 (iii) This calculation was challenging for candidates. Many candidates incorrectly applied P = E / t and 

used the time as the half-life of the plutonium.  
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Question Answer Marks 

9(a)(i) • energy of photon has a corresponding frequency 

• change in electron energy level emits a single photon 

• photon energy = difference in energy levels 

• discrete frequencies must have come from discrete energy gaps 

• discrete energy changes imply discrete energy levels 
Any three points, 1 mark each 

B3 

9(a)(ii) transition (to – 3.400 eV) from X corresponds to 658 nm line C1 

 E1 – E2 = hc /  C1 

 E1 – (– 3.400) = (6.63  10–34  3.00  108) / (658  10–9  1.60  10–19) 
 
and so E1 = –1.51 eV (full substitution and answer needed) 

A1 

9(b)(i) redshift B1 

9(b)(ii) moving away (from observer) B1 

9(b)(iii)  /  = v / c 
 

e.g. for 658 nm line:   = 686 – 658 
 
                                    ( = 28 nm)  (other lines may be used) 

C1 

 28 / 658 = v / (3.00  108)  (other lines may be used) C1 

 v = 1.3  107 m s–1 A1 

9(c) v = H0d C1 

 H0 = (1.3  107) / (5.7  1024) 
 

 = 2.3  10–18 s–1 

A1 
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Question 8 
 
(a) Candidates who knew their ‘bookwork’ were generally aware that Lenz’s law governs the direction 

of the induced e.m.f. and were able to articulate the law correctly. 
 
(b) (i) This was generally well answered, with a significant proportion of candidates achieving full credit. 
 
 (ii) Most candidates realised that the variation of V2 with t is sinusoidal with a period of 0.040 s. Many 

correctly calculated the peak voltage of 6.5 V and represented that consistently in their responses. 
Candidates found it more difficult to deduce the correct phase for the voltage, with all but the 
strongest candidates usually giving answers that were either in phase or in antiphase with Fig. 8.2. 

 
 (iii) Most creditworthy attempts to explain the variation of V2 with t got as far as a statement of 

Faraday’s law of electromagnetic induction and then stopped. Candidates needed to articulate how 
the laws of electromagnetic induction applied to this situation, and only the strongest candidates 
were successful at doing this. 

 
Question 9 
 
(a) (i) This was another question where many candidates answered a different question from that which 

was asked. There were many responses that gave answers to questions asking either for a 
description of the appearance of an emission spectrum or for an explanation of how an emission 
spectrum is formed, but where candidates did not make a connection between the emission 
spectrum and the idea of discrete energy levels. There was much confusion between the concepts 
of photon energy, energy transitions and energy levels, with many responses lacking accuracy in 
the way these technical terms were used. 

 
 (ii) There were many good attempts at this question, with a significant minority of candidates achieving 

full credit. Those who did identify the correct starting equation and the correct wavelength of the 
line that corresponds to the transition from level X to the –3.400 eV energy level were usually able 
to be awarded partial credit, but some candidates were a little confused with working that led to a 
positive value for the energy of level X. Weaker candidates generally found themselves unable to 
make a start, with many random attempts to add and subtract the other energy levels to somehow 
arrive at a value for X. 

 
(b) (i) This question was well answered by most candidates. 
 
 (ii) Many candidates correctly identified that the observation shows that the galaxy is moving away 

from the observer. There was much confusion among weaker candidates between what the 
observation shows about this galaxy and the extension of such observations into the expansion of 
the Universe and the Big Bang theory. In particular, the term ‘galaxy’ was often used incorrectly as 
if it referred to the ‘Universe’, with many candidates suggesting that the observation shows that the 
‘galaxy is expanding’. 

 
 (iii) This calculation was well answered by a large proportion of candidates, and many candidates were 

awarded full credit. 
 
(c) This is another question that was well answered by many candidates.  Most candidates who knew 

the equation for the Hubble constant were usually able to achieve full credit by the error-carried-
forward principle even if their answer to (b)(iii) was incorrect. 

 
Question 10 
 
(a) (i) The use of a β+-emitting tracer was generally well known by candidates, and most candidates were 

able to articulate it well enough to be awarded at least partial credit. 
 
 (ii) This was another well-answered question, with the pair annihilation of the positron with an electron 

being familiar to most candidates. Candidates did not always make clear that pair annihilation 
involves the conversion of the whole mass of the positron and electron into the energy of the 
gamma photons. 
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Question Answer Marks 

8(a) photon energy (to remove electron)  B1 

minimum energy to remove electron 
or 
energy to remove electron from surface 
or 
energy to remove electron with zero kinetic energy 

B1 

8(b)(i) photon energy = hf C1 

number per unit time = 8.36  10–3 / (1.36  1015  6.63  10–34) 
 

= 9.27  1015 s–1 

A1 

8(b)(ii) hf =  + EMAX C1 

 = (1.36  1015  6.63  10–34) – (3.09  10–19) 
 

 = 5.93  10–19 J 

A1 

8(c)(i) greater photon energy (and same work function) M1 

so maximum kinetic energy is increased A1 

8(c)(ii) (greater photon energy and same power so) lower number of photons (per unit time) M1 

(each electron absorbs one photon) so lower rate of emission A1 
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 (ii) This was generally well answered. However, some candidates answered in terms of n rather than t, 
perhaps recalling mark schemes from similar questions from previous examination sessions. 

 
Question 7 
 
(a) (i) A small number of candidates used the r.m.s. potential difference rather than the peak voltage 

here. However, there were many answers that correctly and clearly showed the maximum power 
dissipated. 

 
 (ii) The most common misconception here was with the shape of the line drawn. The modulus of a 

sine wave was drawn rather than a sin2 shape. There were only a few problems with the value of 
the peak power values and the period of the shape. 

 
 (iii) The majority of answers here did not refer to the line but just said that the mean power was half of 

the peak power. The fact the line was symmetrical about this value was not often known, and 
candidates who had drawn an incorrect shape of line without the relevant symmetry found it difficult 
to use their line to answer this question. 

 
(b) (i) Candidates need to make it clear in their answers when one phenomenon causes something else. 

Here, the vibration of the crystal causing the air to vibrate was often missed. 
 
 (ii) Many candidates did not realise that the second crystal would be acting as a receiver. Some stated 

that the second crystal would vibrate but few went on the add that this would cause an e.m.f. to be 
generated. 

 
Question 8 
 
(a)  Many candidates did not state that the energy was the photon energy that was needed to remove 

the electrons from the surface of the metal. 
 
(b) (i) Many answers here were incorrect due to dividing the maximum kinetic energy of the electrons by 

the power of the radiation, which produced values that candidates should have realised were not 
physically realistic. 

 
 (ii) There were more correct answers here, but a significant number of candidates used the frequency 

of the ultraviolet radiation as the threshold frequency and ignored the kinetic energy of the emitted 
photons. 

 
(c)  These two explanations were difficult.  Many candidates did not begin with the most fundamental 

aspect, which was that the photon energy was increased as the frequency of the radiation was 
increased. 

 
Question 9 
 
(a) Candidates need to remember to include all the detail required in this answer, i.e. the total power of 

radiation emitted. The word ‘total’ was often missed, as well as the idea of emission. 
 
(b) (i) There were many correct calculations here. Some candidates tried to use the expression for 

luminosity, rather than the one for radiant flux intensity. 
 
 (ii) There were many correct answers.  There were some errors due to caused by not raising the 

temperature to the power of 4. 
 
(c) The question asked for a method of determining the temperature of the star, so an explanation of 

the steps taken was required. Most candidates understood that the answer was related to Wien’s 
displacement law, but candidates often did not describe how this is used with a star of known 
temperature and maximum wavelength and then comparing with the maximum intensity 
wavelength of the star being measured. 
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