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Question Answer Marks 

7(a) direction of induced e.m.f. M1 

 such as to (produce effects that) oppose the change that caused it  A1 

7(b)(i)   = BA C1 

  = 0.047  10–3    122 C1 

  = 0.021 Wb A1 

7(b)(ii) e.m.f.  = flux cut / time C1 

  = 0.021 / (1 / 85) 
 
 = 1.8 V 

A1 

7(b)(iii) force (due to current) cause anticlockwise moment (to oppose rotation)  B1 

 (from the LH rule) current is from O to X, so X is at the higher potential 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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Question Answer Marks 

7(a) (induced) e.m.f. is (directly) proportional to rate M1 

 of change of (magnetic) flux (linkage) A1 

7(b)(i) f lux = e.m.f.  time C1 

 f lux = 0.54  15 

 

 = 8.1 Wb 

A1 

7(b)(ii)  = BA C1 

 area = 8.1 / (38  10–6) 

 

 = 2.1  105 m2 

A1 

7(b)(iii) area  =  speed  time  width C1 

 v = (2.1  105) / (15  68) 

 

 = 210 m s–1 

A1 

7(b)(iv) opposing force (due to current in wings) must be backwards B1 

 from Fleming’s left-hand rule, current (in wings) must be from Q to P B1 

 current is from – to + inside an e.m.f. source so P is at higher potential  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

9702_w25_qp_41_qu_007 ER



9702/44 Cambridge International AS & A Level – Mark Scheme 
PUBLISHED 

May/June 2025  

 

© Cambridge University Press & Assessment 2025 Page 14 of 19  
 

Question Answer Marks 

6(a)(i) F = BIL C1 

force on QR = 5.2  10–3  1.2  0.054  190 C1 

 = 0.064 N A1 

6(a)(ii) torque = force  perpendicular distance between forces C1 

 = 0.064  0.025 cos  = (1.6  10–3) cos   N m A1 

6(a)(iii) one complete cycle of a sinusoidal curve between 0 and 360° B1 

τ axis labelled to show maximum and minimum torques at ± 1.6  10–3 N m B1 

maximum at 0 and 360° and minimum at 180° (or vice versa), with torque shown as zero at 90° and 270° B1 

6(b) (ferrous core) increases magnetic flux density B1 

amplitude of torque increases B1 
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Question 4

(a) The proportionality between acceleration and displacement was well understood, but the opposite
direction of the two quantities was less clearly explained by some candidates. Candidates should
ensure that they explain each term used if they quote an equation as part of their answer to this
type of question. 

(b) (i) This question tested the candidates ’ ability to match the velocity –time graph to the actual
movement of the sphere, both in terms of speed and direction. Key to a producing a successful
answer to this question was an appreciation of the direction of travel of the sphere during its
oscillations.

(ii)  Weaker candidates often confused the terms frequency and angular frequency.

(c)  Where the starting equation of   = v 0 / x 0 was used, the identification of maxima for v  and x  using
subscripts was not always made. A minority of candidates took the alternative (longer) route of
using a tangent drawn on Fig. 4.2 to calculate the maximum acceleration and hence the amplitude.
However, for most of those candidates, this graphical method introduced too great a degree of
inaccuracy for full credit.

Question 5

(a)  As well as defining electric potential in terms of movement of charge to or from infinity (depending
on the sign of the charge) stronger candidates were also aware of the required ratio between work
done and charge. 

(b) (i)  Candidates used a number of different methods to compare the two positions (r  and 3r  from the
sphere’s centre) and the relative electric field strength and potential values at each position. Each
method was equally creditworthy in deriving the field strength at the surface of the sphere. The
most common error was to invert the relationships and get a smaller value of electric field strength
at the surface than further away at distance 3r . 

(ii)  In this ‘show that’ question, equations for electric field strength and potential needed to first be
shown and then compared in order to progress to the final relationship between E , V  and sphere
radius r . Most candidates missed this beginning and started from that final relationship, into which
values were substituted. The calculation produced a value in metres, which needed to be clearly
converted into centimetres. Some weaker candidates wrongly used the equation for parallel plates,
including an unexplained symbol d . 

(iii)  The rearrangement of the equation for electric field strength or for electric potential did not prove
problematic to most candidates. Weaker candidates were not able to recognise that the precise

value of the capacitance was not exactly 0.5  C, and so they gave their answer to only one
significant figure instead of the required minimum of two. 

(iv)  The majority of the candidates were able to successfully use the data provided to calculate the
capacitance of the sphere. 

Question 6

(a) (i)  The equation F  = BI L was stated and used by the majority of the candidates, although there was
often some confusion as to the need to include the number of turns, resulting in a reduced force.
Weaker candidates found more difficulty in identifying which side of the coil was being referred to
as L in their equation. 

(ii)  The torque was often described as F × d  with no explanation or clarification of the symbols used.
Stronger candidates identified the requirement for a perpendicular distance to be identified, and

hence the inclusion of a cosine term. Some weaker candidates took the symbol   as being a time
constant, despite it being defined as torque in the question. 

(iii)  Only the strongest candidates were able to sketch the sinusoidal curve without error, despite some
allowance being given for a freehand drawing. Stronger candidates marked intermediate points on
their graph to aid their drawing of the curves. The most common errors involved an excessively
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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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Question Answer Marks 

7(a)(i) loss of energy (of oscillations) B1 

due to resistive forces B1 

7(a)(ii) amplitude (of oscillations) decreases gradually 
or 
oscillations continue (for several periods)  

B1 

7(a)(iii) cutting of (magnetic) flux causes induced e.m.f. (in coil) 
or 
induced e.m.f. causes current (in resistor / circuit) 

B1 

current causes dissipation of thermal energy in resistor 
or 
current in resistor causes dissipation of thermal energy 

B1 

thermal energy comes from energy of oscillations B1 

7(b) (for any given e.m.f.) current is lower so thermal energy dissipated at a lower rate 
or 
(for any given e.m.f.) current is lower so the resistive force is lower 

B1 

oscillations are less damped 
or 
smaller decrease in amplitude of oscillations (in each period) 
or 
oscillations continue for longer 

B1 
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due to resistive forces B1 

7(a)(ii) amplitude (of oscillations) decreases gradually 
or 
oscillations continue (for several periods)  

B1 

7(a)(iii) cutting of (magnetic) flux causes induced e.m.f. (in coil) 
or 
induced e.m.f. causes current (in resistor / circuit) 

B1 

current causes dissipation of thermal energy in resistor 
or 
current in resistor causes dissipation of thermal energy 

B1 

thermal energy comes from energy of oscillations B1 

7(b) (for any given e.m.f.) current is lower so thermal energy dissipated at a lower rate 
or 
(for any given e.m.f.) current is lower so the resistive force is lower 

B1 

oscillations are less damped 
or 
smaller decrease in amplitude of oscillations (in each period) 
or 
oscillations continue for longer 

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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Question Answer Marks 

7(a) • force per unit length 

• force per unit current  
• length / current perpendicular to field 
 

1 mark for any two points, 2 marks for all three points. 

B2 

7(b)(i) F = BQv B1 

7(b)(ii) arrow at Y pointing vertically upwards B1 

7(b)(iii) upwards deflection showing circular path B1 

7(c)(i) electric field applied vertically downwards (may be shown on a labelled diagram) B1 

 electric force on particle in opposite direction to magnetic force (may be shown on a labelled diagram) B1 

 particle undeflected when magnitudes of electric and magnetic forces are equal B1 

7(c)(ii) EQ = BQv B1 

 v = E / B A1 
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Question 4

(a) (i) The definition of internal energy was generally well known, although some of the weaker
candidates confused this definition with the first law of thermodynamics and the change in internal
energy.

(ii)  Most candidates correctly stated that the potential energy of molecules in an ideal gas is zero.
Some went on to state that internal energy was therefore proportional to the total kinetic energy of
the molecules rather than equal to it. Most candidates also correctly stated that the kinetic energy
of the molecules is proportional to the thermodynamic temperature.

(b) Only the strongest candidates obtained full credit for this question, but many candidates earned
partial credit for the work done and the increase in internal energy during cooling. Weaker
candidates sometimes gave responses which were dimensionally incorrect, e.g. including
temperature T  as a quantity of energy. 

Question 5

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

(ii)  Most candidates gave the correct answer.

(b) Despite the question being clear that quantitative conclusions were required, many candidates
gave qualitative descriptions that could gain no credit. Some candidates obtained correct numerical
values but then presented the value without a unit. Candidates should be encouraged to check
whether a unit is required whenever they give a numerical answer.

(c) Many candidates earned full credit, but often the curves were drawn with insufficient care. For
example, common mistakes were for candidates to draw a curve with the correct maximum
potential energy at depth h = 0.8 m but this would not be matched at h = 2.0 m, or the minimum of
the curve was not close enough to h = 1.4 m.

Question 6

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

(ii)  Most candidates gave the correct answer.

(b) (i) Most candidates gave the correct answer for  A, but many candidates left the answer for B as a

multiple of  rather than calculating the numerical answer. 

(ii) Most candidates gave the correct answer. 

(iii)  Most candidates had the correct symbols for four diodes, but only the strongest candidates drew a
circuit diagram which would work as a full-wave rectifier, with all of the diodes in the correct
orientation.

(iv)  Most candidates knew the correct starting equation(s). Many candidates substituted times which
were larger than the discharge time shown in Fig. 6.2. Some weaker candidates made a power-of-
ten error.

(c) Most candidates gave the correct answer, including those given credit on the basis of an error
carried forward from (b)(iv).

Question 7

(a) The definition of magnetic flux density was generally well known, so full credit was common. Some
candidates’ answers were ambiguous with regard to what needed to be perpendicular to the field
(whether the force or the length/current). Some also referred to specific units for length and/or
current as part of their definition.

(b) (i) Most candidates gave the correct answer.
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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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Question Answer Marks 

5(a) Q = Q1 = Q2 and V = V1 + V2 M1 

 V = Q / C so: 
Q / C = Q / C1 + Q / C2 leading to 1 / C = 1 / C1 + 1 / C2 

A1 

5(b) total capacitance = C + ½C = (3 / 2)C C1 

 total capacitance  = gradient  
 = 400  10–6 / 6.0 

C1 

 either: C = (2  400  10–6) / (3  6.0) = 4.4  10–5
 F = 44 F 

or: C = (2  400) / (3  6.0) = 44 F 

A1 

5(c)(i) τ = RC C1 

  = 54  103  (3/2)  44  10–6 
 = 3.6 s 

A1 

5(c)(ii) 0.15 = exp(–t / 3.6) C1 

 t = 6.8 s A1 

   

Question Answer Marks 

6(a) FB = FE B1 

 either: Bqu = qE and E = V / d leading to u = V / Bd 
or: Bqu = qV / d leading to u = V / Bd 

B1 
9702/42 Cambridge International AS & A Level – Mark Scheme 

PUBLISHED 
February/March 2025

 

© Cambridge University Press & Assessment 2025 Page 11 of 14 
 

Question Answer Marks 

6(b) EK = ½mu2 C1 

 u = √[(2  4.1  10–17) / (3.2  10–27)] 
 = 1.6  105 m s–1 

C1 

 B = 980 / (3.6  10–2  1.6  105) 
  
 = 0.17 T 

A1 

6(c) expression is independent of mass and charge A1 

6(d) either: electric force is downwards so magnetic force is upwards 
or: no resultant force so magnetic force is upwards 

B1 

 (positive ions so) current is from left to right B1 

 from (Fleming’s) left-hand rule, magnetic field is into the page B1 

6(e) curved path inside plates with consistent direction of curvature and with no discontinuity at entry or in curvature  B1 

 direction of deflection is upwards B1 

   

Question Answer Marks 

7(a) (induced) e.m.f. is (directly) proportional to rate M1 

 of change of (magnetic) flux (linkage) A1 

7(b)(i) (uniform acceleration so) velocity is (directly) proportional to time M1 

 (Fig. 7.2 shows) e.m.f. is (directly) proportional to time so E is proportional to v. A1 
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(b) (i) Many candidates correctly used the equation for work done on a gas when changing volume at 
constant temperature. However, only the strongest candidates realised that, because the gas is 
expanding, the work done on the gas must be negative. 

 
 (ii) Generally well-answered. However, one misconception that was common in a minority of 

candidates, warrants mention. Having correctly stated the starting equation pV = NkT, some 
candidates substituted the change in volume from part (b)(i) as the value of V. 

 
 (iii) Generally well-answered by the stronger candidates. The common confusion among weaker 

candidates was the difference between r.m.s. speed and mean-square speed. Many candidates 
stopped at the mean-square speed and gave this as their answer to the r.m.s. speed. 

 
Question 4 
 
(a)  Generally well-answered. 
 
(b)  This question was well-answered by the candidates who knew the starting equation. 
 
(c)  Many candidates knew the correct equation for total energy, though various errors were seen in its 

use. These ranged from power-of-ten errors to forgetting which quantities needed to be squared. A 
common error from some of the weaker candidates was to use the maximum acceleration value 
from the previous part as the amplitude. 

 
(d) (i) Examiners expected to see reference to an alternating voltage applied across the crystal, making it 

alternately expand and contract. Many candidates confused the concepts of a voltage being 
applied (to cause distortion of the crystal) with a voltage being induced in the crystal by mechanical 
vibrations. Some candidates confused voltage with current. 

 
 (ii) Well-answered by many candidates, with full credit being common. Many other candidates 

calculated the percentage reflected and stopped short of using that value to determine the 
percentage transmitted.  

 
Question 5 
 
(a)  Many candidates were able to correctly reproduce this textbook derivation required by the syllabus. 

Some, however, were not able to establish the key principles of physics as the starting point (how 
the p.d.s and charges relate to each other in a series circuit). 

 
(b)  Many candidates did not show clarity of presentation in this question, with many conflicting 

expressions alleged to all be expressions for ‘C’. Examiners needed to see a clear expression for 
the total capacitance in terms of C, and a clear statement that the total capacitance is given by the 
gradient of the Q-V graph. Some benefit of doubt was given to candidates who started incorrectly 
but then subsequently arrived at correct physics. 

 
(c) (i) Most candidates knew the equation for time constant, but many then incorrectly substituted 44 μF 

as the capacitance of the circuit. As a result, 2.4 s was a very common incorrect answer. It was 
also notable that a significant number of candidates appeared to not know that time constant is a 
time and therefore struggled with indicating the correct unit. 

 
 (ii) Generally well-answered by candidates that had a good understanding of the topic of capacitor 

discharge. Full credit by the error-carried-forward principle was common for candidates that worked 
through with their 2.4 s time constant from part (c)(i). 

 
Question 6 
 
(a)  Many candidates reproduced the algebra involved in this syllabus derivation correctly. However, 

only a minority established the core physics behind the derivation as a starting point, the equality 
between the magnitudes of the electric and magnetic forces. 

 
(b)  This question was generally well-answered, with many candidates successfully calculating the 

correct answer. 
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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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6(d) either: electric force is downwards so magnetic force is upwards 
or: no resultant force so magnetic force is upwards 

B1 

 (positive ions so) current is from left to right B1 

 from (Fleming’s) left-hand rule, magnetic field is into the page B1 

6(e) curved path inside plates with consistent direction of curvature and with no discontinuity at entry or in curvature  B1 

 direction of deflection is upwards B1 

   

Question Answer Marks 

7(a) (induced) e.m.f. is (directly) proportional to rate M1 

 of change of (magnetic) flux (linkage) A1 

7(b)(i) (uniform acceleration so) velocity is (directly) proportional to time M1 

 (Fig. 7.2 shows) e.m.f. is (directly) proportional to time so E is proportional to v. A1 
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Question Answer Marks 

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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(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 

1(a)(i) v = r C1 

  = 0.85  140 
 
 = 120 m s–1 

A1 

1(a)(ii) a = r2  or  a = v2 / r C1 

 a  = 0.85  1402  or  1202 / 0.85 
 

 = 1.7  104 m s–2 

A1 

1(b)(i) direction of (induced) e.m.f. M1 

 is such as to (produce effects that) oppose the change that caused it A1 

1(b)(ii) T = 2 /  
 

 = 2 / 140 = 0.045 s = 45 ms 

A1 

1(b)(iii)  = BA C1 

  = 0.18    0.852 C1 

  = 0.41 Wb A1 

1(b)(iv) E =  / t C1 

  = 0.41 / 0.045 
 
 = 9.1 V 

A1 

1(b)(v) force (on spoke) must be anticlockwise, so current is from A to X (by Fleming’s left hand rule), so X is at the higher potential B1 
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Comments on specific questions

Question 1

(a) (i)  This question and (ii) were generally well answered by candidates that knew the basic equations
for centripetal acceleration.

(ii)  Some candidates who calculated the correct acceleration made an arithmetic error in rounding, to
get a final answer of 1.6  104 m s –2.

(b) (i) Lenz’s law was only well known by the strongest candidates. To be awarded credit, candidates first
needed to make it clear that Lenz’s law is to do with the direction of the induced e.m.f . Confusion
with Faraday’s law was common, with many candidates giving responses in terms of the magnitude
of the induced e.m.f.

(ii)  This question was generally well answered, with most candidates able to show successfully that
the period is 45 ms.

(iii)  Many candidates knew the defining equation for magnetic flux. Some candidates did not know the
correct formula for the area of a circle. Other candidates incorrectly included a factor of  8 in the
calculation.

(iv) Many candidates were awarded credit for realising that the magnitude of the e.m.f. is given by
Faraday’s law, but  8 factors were common here too. Candidates should realise that the spokes
are effectively in parallel, not in series, and so the 8 factor is not applicable. Some candidates

made a mistake with the unit conversion in the value of the time.

(v)  This was a difficult question, with only the very strongest candidates demonstrating an ability to use
Lenz’s law correctly. The application of Lenz’s law lay in realising that the cause of the induced
e.m.f. is the rotation of the wheel. If current flows in the spokes, then it will cause a force on the
wheel in the opposite direction to the rotation. Applying the left-hand rule then leads to a deduction
that any current that flows will be from A to X. Finally, because current flows from low potential to
high potential inside an e.m.f. source (and high to low potential around any external circuit), end X
must be at the higher potential. A common misconception was that X is at the higher potential
because it cuts more flux.

Question 2

(a) A significant minority of candidates did not give a definition of a quantity, but those that did answer
the question were mostly able to correctly define the vector quantity gravitational field as force per
unit mass (placed in the field).

(b) (i)  There was some confusion among weaker candidates between the equations for gravitational force
between point masses and the scalar quantity gravitational field strength due to a point mass. The
more able candidates generally used the correct equation, but some did not appreciate that the
precision of the data provided in the question warranted a three significant figure answer.

(ii)  Most candidates were able to substitute the correct values into the equation for gravitational
potential energy. Some candidates gave answers that did not reflect the precision of the data and
others forgot that gravitational potential energy is always negative.

(c) (i)  Many candidates were able to put together the equation for radiant flux intensity and the equation
for gravitational field strength, and to eliminate x  between them to arrive at the correct equation.
Candidates that used letters other than x  from the question sometimes struggled with the
elimination if the distances they used in the two equations were not the same. Candidates should
be advised that it is always better to use the symbols defined for them in the question.

(ii)  This question was well answered by many candidates. Of those that correctly read a pair of values
of g  andL from the graph and substituted them together with the other relevant data into the given
equation, the common reasons for not going on to achieve full credit were either making a mistake
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Question Answer Marks 

7(a) • force per unit length 

• force per unit current 
• length / current perpendicular to field 
1 mark for any two points, 2 marks for all three points 

B2 

7(b) concentric circles around the wire (at least two circles needed) B1 

spacing between circles increases with distance from wire (at least four circles needed) B1 

arrows showing direction of field is clockwise B1 

7(c)(i) (each) wire sits in the (magnetic) field created by the other B1 

current (in one wire) is perpendicular to (magnetic) field (due to other wire) so (magnetic) force acts (on wire) B1 

7(c)(ii) arrow drawn, starting from X and pointing towards Y, labelled F B1 

7(c)(iii) (forces have) equal magnitudes B1 

(forces are in) opposite directions B1 

7(c)(iv) no change (in the direction of the force) since both the current in X and the field due to Y have reversed B1 
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Question Answer Marks 

7(a) (induced) e.m.f. is (directly) proportional to rate M1 

of change of (magnetic) flux (linkage) A1 

7(b)(i)   = BA C1 

 = 7.2  10�3  3.2  10�4 

 

 = 2.3  10�6 Wb 

A1 

7(b)(ii) tangent drawn at steepest point on Fig. 7.2 C1 

evidence of multiplication by 340 C1 

maximum rate of change of flux = 0.82 Wb s�1 A1 

7(b)(iii) V0 = 0.82 V 
or 
V0 given as identical numerical answer to the answer in (b)(ii) 

A1 
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Question 7 
 
(a)  Faraday’s law was generally well known, and well stated by many candidates. 
 
(b) (i) Whilst most candidates knew that they need to use the equation for magnetic flux in terms of flux 

density, many did not appreciate that the flux density they needed was the one corresponding to 
the maximum value on the graph. Other, generally weaker, candidates confused the flux in one 
turn with the flux linkage through the whole coil. 

 
 (ii) Most candidates found this question difficult. A common mistake was to find the average change of 

flux linkage over a part of a cycle, rather than to find the instantaneous rate of change of flux at the 
steepest part of the graph. 

 
 (iii) Most candidates appreciated that a consequence of Faraday’s law is that the maximum e.m.f. 

induced across the coil is numerically equal to the maximum rate of change of flux linkage. 
 
 (iv) Candidates generally appreciated that the variation of V with t is a sinusoidal curve of period 

2.0 ms and amplitude V0. More challenging, though, was turning that appreciation into an accurate 
sketch. It was common for credit not awarded because a line was insufficiently sinusoidal in its 
shape. The more difficult aspect of the question was determining the correct phase for the 
variation, and appreciating that the times at which V has its maximum magnitude are when the flux 
density is changing at the greatest rate. 

 
 (v) Many candidates realised that A represents the maximum e.m.f., and gave A as the numerical 

answer from (b)(iii) with the unit V. Common mistakes with the calculation of the angular frequency 

B were to miss the power of ten conversion, to leave the answer in terms of  rather than 
calculating it to the appropriate precision, or to give an incorrect unit. Most of the stronger 
candidates were able to achieve full credit. 

 
Question 8 
 
(a) (i) This question required candidates to explain that the observed frequency is lower than the emitted 

frequency because of the redshift caused by the recession of the galaxy. Many candidates 
struggled to articulate this using the correct technical language, but the more able candidates were 
usually able to achieve at least partial credit. 

 
 (ii) Examiners were expecting to see all three lines shifted to the left by a consistent distance. All three 

possible mark outcomes were common. 
 
(b) (i) Most candidates knew the correct starting equation, and in many cases the substitution was also 

correct. Some candidates did not appreciate that the precision of the data requires a three 
significant figure answer. 

 
 (ii) This was a demanding question, and many candidates were able to achieve partial credit for 

converting the photon energy into eV. Only the strongest candidates appreciated how the photon 
energy needs to be combined with the –3.40 eV energy level to get to the answer of –0.85 eV. 

 
 (iii) Many candidates continued to attempt to use the photon energy equation, apparently unaware that 

this question is about Doppler shift. Of those that did realise that they needed to use the Doppler 

shift equation, most successfully calculated the 10 nm value of , and the majority also went on to 
correctly add that to the 488 nm figure to get to the answer of 498 nm. 

 
(c)  This question involving Hubble’s law was well answered by the majority of candidates. 
 
Question 9 
 
(a)  The definition of binding energy was not well known by the weaker candidates, and candidates of 

average ability sometimes found it difficult to get the technical wording right. Nucleus, nuclei, 
nucleons and neutrons were often confused, and the direction of the energy transfer was 
sometimes the wrong way around. Some candidates gave contradictory definitions and therefore 
could not be awarded credit. 
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arrows downwards B1 

5(b)(ii) E  = V / d C1 

E  = 430 / 0.067 
 

 = 6.4  103 N C�1 

A1 

5(b)(iii) smooth curve within plates and straight lines outside plates B1 

direction of deflection shown as upwards B1 
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 (ii) When it was appreciated that only one molecule was being considered, many candidates achieved 
full credit. Some candidates gave an answer to only one significant figure. Weaker candidates often 
did not identify the correct starting equation E = (3/2)kT. 

 
 (iii) Whilst many candidates were able to combine their answers to the previous two questions 

(allowing for errors carried forward) to give an accepted numerical answer, the explanation of their 
reasoning was often incomplete. In particular, although many candidates understood that the 
potential energy of the molecules was zero, they rarely explained that the internal energy was the 
sum of the individual molecular kinetic energies. The symbols EK and KE were often used without 
indicating whether they referred to one or all molecules. 

 
(c)  The majority of the candidates identified the proportionality between the volume of the gas and its 

internal energy, and drew a straight line with a positive gradient. Stronger candidates showed the 
line clearly going through the origin. Weaker candidates sometimes described a negative or inverse 
relationship between the two variables. 

 
Question 4 
 
(a)  The majority of the candidates gave very good explanations of the matching of driving and natural 

frequencies in resonance. Fewer were able to explain that the oscillations reach maximum 
amplitude. Some weaker candidates did not mention oscillations at all. 

 
(b) (i) Although most candidates identified the phenomenon as damping, a significant number of those 

did not give a complete answer including the type of damping. 
 
 (ii) Most candidates appreciated the role of resistive forces in damping, but few described the 

oscillations having their energy reduced as the cause of the amplitude reduction. 
 
 (iii) The majority of candidates correctly read the period from the graph and calculated the frequency 

from that value. 
 
(c)  Only the stronger candidates were able to sketch the resonance curve. Where that was done, it 

generally peaked at the correct frequency. Candidates would benefit from further study of this 
aspect of resonance. 

 
Question 5 
 
(a)  Definitions were often incomplete because of the omission of the ratio of force to (positive) charge, 

indicated by words such as ‘per unit charge’. 
 
(b) (i) Carefully drawn sketches of the electric field lines using a ruler made it more likely that they were 

evenly spaced and started and finished on the plates, as was required. In most cases the field 
direction was given correctly. 

 
 (ii) Where the correct starting equation was stated, most candidates were able to go on to calculate 

the electric field strength. A common incorrect starting point was to use the equation for the field 
around a point charge. 

 
 (iii) Most candidates correctly sketched a path deviating in the correct direction. Common errors seen 

included an electron path that remained undeviated for too long within the plates, a curved path 
once the electron was beyond the plates, and the electron hitting a plate. The last error could have 
been avoided with a more careful reading of the question. 

 
(c) (i) Stronger candidates were able to identify both the correct plane and correct direction of the 

magnetic field for an electron. Although not required or assessed, Fleming’s left-hand rule was 
sometimes quoted indicating its use to answer the question. Weaker candidates had the magnetic 
field direction opposite to that of the electric field. This error was then generally repeated in (ii). 

 
 (ii) Most candidates were able to explain the equality and opposite direction of the two forces. Weaker 

candidates equated opposite fields rather than forces. 
 
 (iii) Where the starting equation was correctly shown, candidates were usually able to progress to a 

correct final answer for full credit. Many candidates tried to apply the equation for the force on a 
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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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Question Answer Marks 

5(a) any 2 points from: 

• (angular) displacement 
• velocity 

• momentum 

• (centripetal) acceleration 

• (resultant) force 

B2 

5(b)(i) Bqv = mv2 / r  M1 

 v = 2r / T M1 

 completion of algebra leading to B = 2m / qT A1 

5(b)(ii) B = (2  4  1.66  10–27) / (2  1.60  10–19  2.5  10–6) C1 

  = 0.052 T A1 

5(b)(iii) either the same because T is independent of r 
or the same because B, q and m are unchanged 
or the same because both radius and speed have doubled 

B1 

5(b)(iv) qE = Bqv C1 

 E = Bv = 0.052  1.1  106 

 = 5.7  104 N C–1 

A1 
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 E = Bv = 0.052  1.1  106 

 = 5.7  104 N C–1 

A1 

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

February/March 2024

 

© Cambridge University Press & Assessment 2024 Page 9 of 14 
 

Question Answer Marks 

4(d)(i) 8.0 W  A1 

4(d)(ii) 4.0 W  A1 
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• velocity 

• momentum 
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Question Answer Marks 

6(a)(i) non-zero horizontal straight line from X to Y B1 

6(a)(ii) constant flux density (inside coil) B1 

 either (magnetic) flux linkage proportional to flux density 

or  = BAN and B, A and N are all constant 

B1 

6(a)(iii)  = BAN C1 

  = 0.080  0.71  10–4  64 

 = 3.6  10–4 Wb 

A1 

6(a)(iv) sketch showing: 
E is zero from time 0 to time t and non-zero after time t 

B1 

 E has constant non-zero magnitude between time t and time 4t B1 

 E has non-zero value of one sign between time t and time 2t, and non-zero value of the opposite sign between time 2t and 
time 4t 

B1 

6(b) current in spring creates a magnetic field around the spring B1 

 either (magnetic) fields around adjacent turns interact to cause a force to be exerted (between the turns)  
or current in one turn interacts with (magnetic) field due to adjacent turns to cause force to be exerted (between the 

turns)  

B1 

 (magnetic force) is attractive so distance (between turns) decreases B1 
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Question Answer Marks 

7(a)(i) VH = BI / ntq 
 

 = (4.0  10–6  5.4) / (1.5  1016  1.8  10–3  1.60  10–19) = 5.0 V 

A1 

7(a)(ii) sketch: straight diagonal line from (0, 0) to t = 0.020 s 
  and 
  straight diagonal line between two non-zero VH values of same sign from t = 0.040 to 0.050 s 

B1 

   horizontal straight line at VH = 5.0 V from t = 0.020 to 0.040 s  B1 

   horizontal straight line at VH = 2.5 V from t = 0.050 to 0.080 s B1 

7(b)(i) e.m.f. = rate of change of (magnetic) flux (linkage) C1 

 E = NA ΔB / Δt  or  E = NA  gradient (at t = 0.010 s) C1 

 E = 3000  3.4  10–4  (4.0  10–6) / (0.020) = 2.0  10–4 V A1 

7(b)(ii) sketch: line showing non-zero E from t = 0 to t = 0.020 s and from t = 0.040 s to t = 0.050 s, and E = 0 at all other times B1 

   ‘top hats’ showing constant non-zero E from t = 0 to t = 0.020 s and from t = 0.040 s to t = 0.050 s B1 

   magnitude of E shown as 2.0  10–4 V in both non-zero sections B1 

   sign of E in the t = 0 to t = 0.020 s region opposite to the sign of E in the t = 0.040 s to t = 0.050 s region B1 
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 (iii) Many candidates found this question difficult. Partial credit was awarded to candidates who 
substituted their values from (a)(ii) and (b)(i) into I = I0 sin ωt but, as with (b)(ii), it was generally 
only the stronger candidates that realised it was a cosine rather than sine equation that was 
required here. 

 
 (iv) This question was generally well answered. 
 
Question 5 
 
(a)  This question was well answered, with most candidates able to give a correct statement of 

Coulomb’s law. 
 
(b)  Many candidates made a correct substitution into the equation, but some candidates then had 

difficulty with the subsequent arithmetic (often forgetting to take the square root of Q2). A common 
mistake among weaker candidates was either to confuse the equation for force with the equation 
for field strength, thereby starting with Q rather than Q2, or to think that the two charges should be 
added (giving 2Q) rather than multiplied. 

 
(c) (i) Most candidates realised that, for the droplet to be held in equilibrium, the electric force must be 

upwards leading correctly to a conclusion that the droplet must be negatively charged. A small 
number of candidates did not seem to understand the situation and concluded that, despite having 
calculated a charge in (b), the droplet is uncharged (and so the sign is neutral). 

 
 (ii) This question was generally well answered.  In most instances where full credit was not awarded, 

this was due to carelessness with drawing the diagram rather than the candidate not knowing what 
the pattern should be. 

 
 (iii) Most candidates realised that the electric field strength between the plates can be calculated from 

the potential gradient. The more able candidates realised that the electric force needed to be 
equated with the weight of the oil droplet, and many then went on to calculate the correct mass. 

 
Question 6 
 
(a) (i) This question was generally well answered, with most candidates realising that the energy stored in 

the capacitor is given by the area under the graph. Candidates needed to be careful with the unit 
conversions in this ‘show that’ question, with the μC to C and J to mJ conversions both needing to 
be clear. 

 
 (ii) This question was also generally well answered. 
 
(b) (i) This was a challenging question that the weaker candidates found difficult. Many candidates did 

get to the equation V = V0 exp (– t / τ), but then attempted to substitute numbers from the graph 
rather than realising that they just needed to put t = τ and then take natural logarithms. 

 
 (ii) Many candidates were able to correctly read off the time of 3.2 s at the point where –ln (V / 8 V) is 

equal to 1.0. A common incorrect answer was 6.4 s. 
 
 (iii) This question was generally well answered by candidates that offered a response. 
 
Question 7 
 
(a) (i) This question was generally well answered. A significant number of weaker candidates thought that 

the t in the equation for the Hall voltage is a time rather than the thickness of the slice. It is 
important to note that candidates were asked to show that the Hall voltage is 5.0 V, which required 
a calculation using the data supplied. Some candidates assumed a Hall voltage of 5.0 V and 
reverse-calculated a value for magnetic flux density, which is not what was asked. 

 
 (ii) Many candidates were able to achieve at least partial credit for this question. A common 

misunderstanding was that the Hall voltage decreased to zero at t = 0.050 s, rather than to 2.5 V. 
Some candidates did calculate the 2.5 V figure, but found it difficult to locate that value correctly on 
the VH-axis. 
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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 

6(a) • force per unit length 

• force per unit current  
• length / current perpendicular to field 
 
1 mark for any two points, 2 marks for all three points 

B2 

6(b)(i) into the page B1 

6(b)(ii) F = Bqv C1 

  = 4.8  10–3  1.6  10–19  1.7  107 = 1.3  10–14 N A1 

6(b)(iii) arrow at point X pointing down the page B1 

6(b)(iv) F = mv2 / r C1 

 1.3  10–14 = (9.11  10–31)  (1.7  107)2 / r C1 

 (r  = 0.020 m) 
 
d  = 2r 
 
d = 0.040 m 

A1 

6(c) path shows upwards deflection such that the curvature is always anticlockwise within the field B1 

 circular path with larger radius B1 

 line enters field at X and leaves field at distance 2d vertically from X B1 
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6(a) • force per unit length 

• force per unit current  
• length / current perpendicular to field 
 
1 mark for any two points, 2 marks for all three points 

B2 

6(b)(i) into the page B1 

6(b)(ii) F = Bqv C1 
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Question Answer Marks 

6(a)(i) product of (magnetic) flux density and area M1 

 area perpendicular to the (magnetic) field A1 

6(a)(ii) flux = B  r2 

 

 = 0.17    0.362 

C1 

  = 6.9  10�2 Wb A1 

6(b) time for one revolution = 1 / 25 s C1 

 e.m.f.  = rate of cutting flux  or   / t C1 

  = 0.069  25 
 
 = 1.7 V 

A1 

6(c) current (in disc) is perpendicular to magnetic field 
or 
current causes force to act on disc 

B1 

 force opposes rotation of disc B1 

 left-hand rule indicates current is from rim to axle B1 
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Question 5 
 
(a) Both (i) and (ii) were generally well answered by most candidates who read the question. 

Expressions for QA and EA were asked for in terms of C and V, and credit was only awarded for 
correct responses given in terms of these symbols. 

 
(b) (i) Many candidates found this question difficult. Some did not discuss charge transfer at all, but 

instead wrote about energy. For credit, candidates needed to explain that some (but not all) of the 
charge on capacitor A moves across to capacitor B, as a result of an initial difference in the p.d. 
across the two capacitors, and that this process stops when the p.d.s across them become equal. 
The most common incorrect answer was that capacitor A fully discharges (often with no discussion 
of where the charge goes). 

 
 (ii) Many candidates found it difficult to give a coherent answer to this question, with responses often 

containing unexplained algebra. In questions asking candidates to prove an equation, explaining 
their reasoning, it is important that they understand the need to make clear the principles of physics 
on which the answer is based. 

 
  In this derivation, there were two possible approaches that candidates could take. For each 

approach, there were two principles of physics that needed to be made clear. In the first method, 
which was based on considering the two capacitors separately, it had to be clear that the final p.d.s 
across the two capacitors are equal, and that the sum of the charges on the two of them is still 
equal to CV. In the second method, which was based on considering the pair of capacitors as a 
single combined capacitor, it had to be clear that the total capacitance is 4C and that the total 
charge is still equal to CV. Once the points of physics were clear, access was then available to 
credit for completing the algebra correctly to arrive at the required equation. 

 
 (iii) This was a demanding question, aimed at discriminating between the higher-ability candidates, and 

many of them did successfully arrive at the correct answer. Many other candidates were able to 
obtain partial credit, either for correctly identifying the final energy as ⅛CV2 or for the method of 
subtracting a plausible final energy from ½CV2. 

 
Question 6 
 
(a) (i) This question was generally well answered, with most candidates knowing the definition of 

magnetic flux. A small number of candidates spoilt what would otherwise have been a creditworthy 
response by adding a second, contradictory, definition. Some gave the definition of flux density, 
and others defined magnetic flux as a number of lines (which would make it a dimensionless 
quantity). 

 
 (ii) This question was generally well answered, although there were some candidates who, whilst 

successfully calculating the numerical value, did not know the unit of magnetic flux. It was also 
common for weaker candidates here to consider that one significant figure was sufficient in the 
answer. 

 
(b) This question was generally well answered, with full credit being common. 
 
(c) This question is a good example of the need to answer the question that was asked, and not 

attempt to reproduce the mark scheme for a question from a previous paper. This question did not 
ask candidates to explain why there is an induced current, and it did not ask for a statement of 
Lenz’s law. The question asked candidates to use Lenz’s law to determine the direction of the 
current in the disc. 

 
 The key to answering the question was to appreciate that the current in the disc, being 

perpendicular to the external magnetic field, causes a force to act on the disc. The point where 
Lenz’s law is applied is to determine that the direction of this force must be to oppose the rotation 
of the disc (which is the change that leads to the induced e.m.f.). Once the direction of the force on 
the disc is known, Fleming’s left-hand rule can then be used to determine the current direction. 

 
 Many responses were very muddled, with some candidates confusing the external magnetic field 

with the field created by the induced current, others having two currents in the disc (one in each 
direction), others having currents opposing fields as if two completely different quantities can be 
compared and others having e.m.f.s or currents (rather than a force) opposing motion. 
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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 

6(a) a region where a force acts on M1 

 a current-carrying conductor 
or 
a moving charge  
or 
a magnetic material / magnetic pole 

A1 

6(b) concentric circles around the wire B1 

 spacing between circles increases with distance from wire B1 

 arrows showing direction of field is clockwise B1 

6(c)(i) F = BIL C1 

 force per unit length = BI 

 

 = 2.6  10�3  5.0 
 
 = 0.013 N m�1 

A1 

6(c)(ii) to the right B1 

6(c)(iii) force (per unit length) has the same magnitude due to Newton�s 3rd law B1 

 0.013 = 1.5  10�3  I 
 
current = 8.7 A 

A1 
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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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Question Answer Marks 

6(a) it is zero when (plane of) probe is parallel to the (magnetic) field (lines) B1 

 it is maximum when (plane of) probe is perpendicular to (magnetic) field (lines) B1 

6(b)(i) number density of charge carriers B1 

6(b)(ii) smaller value of n so greater Hall voltage / VH B1 

6(c) (36 mV corresponds to) 48 mT C1 

 use of 1.4 s or (8.6 – 7.2) s C1 

 E = BAN / t C1 

 
 = 

−   3 248 10 0.018 780

1.4
 

 = 0.027 V 

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 

7(a) force per unit current M1 

 force per unit length M1 

 current / wire is perpendicular to (magnetic) field (lines) A1 

7(b)(i) current (in coil) is perpendicular to magnetic field (so force on wire) B1 

 force (on wire) is perpendicular to current and field (so is vertical) 
or 
current and field are both horizontal (so force is vertical) 

B1 

7(b)(ii) NBIL = mg C1 

 B = (2.16  10–3  9.81) / (40  3.94  0.0300) C1 

  = 4.48  10–3 T A1 

7(b)(iii) (magnetic) forces (on balance and newton meter) are (equal and) opposite B1 

 reading = 0.563 – (2.16  10–3  9.81) 
 
 = 0.542 N 

A1 
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7(b)(ii) NBIL = mg C1 

 B = (2.16  10–3  9.81) / (40  3.94  0.0300) C1 

  = 4.48  10–3 T A1 

7(b)(iii) (magnetic) forces (on balance and newton meter) are (equal and) opposite B1 

 reading = 0.563 – (2.16  10–3  9.81) 
 
 = 0.542 N 

A1 
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 (ii) Most candidates found it difficult to give a complete answer to this question. Candidates were 
expected to draw upon their knowledge of the AS Level part of the syllabus and to realise that, 
when describing motion, the concepts of displacement, velocity and acceleration need to be 
considered, and that the concepts of force or energy need to be used to explain them. The mark 
scheme was structured in such a way as to enable various ways of accessing the credit, but very 
few candidates attempted to go beyond the fact that the spheres move apart because the force 
between them is repulsive. Some candidates did not appreciate that ‘opposite directions’ is not 
enough to convey the idea of the spheres moving apart because it could equally well mean towards 
each other. 

 
Question 6 
 
(a) Candidates found it difficult to demonstrate understanding of why the discharge of a capacitor 

through a resistor is exponential. Most responses were only attempts to describe the shape of the 
line, often incorrectly as an inverse proportionality relationship. Candidates are expected to 
appreciate that an exponential relationship occurs when the rate of change of a quantity is 
proportional to the magnitude of the quantity itself. Within the syllabus, this applies to the rate of 
decrease of undecayed nuclei in radioactive decay. In the case of a discharging capacitor, the rate 
of decrease of V is proportional to V because V is proportional to both the charge on the capacitor 
and the discharge current (rate of decrease of charge) in the resistor. Only the strongest 
candidates were able to give a complete explanation. 

 
(b) Several different methods for deducing the value of the time constant from the graph were 

accommodated within the mark scheme. All of the methods were seen in candidate responses, 
though the most obvious first two methods were the most common. Many candidates were able to 
answer this question well, and most were at least able to make a start for partial credit. 

 
(c) (i) Most candidates were able to be awarded credit for recall of the defining equation for capacitance. 

Further credit required accurate read-off from a suitable part of the graphs of a set of values for Q 
and V, and correctly dealing with two power-of-ten conversions when performing the calculation. 
Examiners did not consider that a suitable part of the graph to use was the t = 15 s end, where the 
values of Q and V were so low that the read-offs inevitably involved an uncertainty of at least 10% 
in each value and therefore led to an answer that was not correct. Despite the many aspects to this 
marking point that needed to be considered, many candidates were generally able to arrive at the 
correct answer. 

 
 (ii) Many candidates were able to arrive at the correct answer for full credit. The final power-of-ten 

conversion from Ω to kΩ here proved to be less difficult than the conversions in the previous part. 
 
Question 7 
 
(a) The definition of magnetic flux density was generally well known, though it was not always clear in 

candidate responses that it is the current in the wire that has to be perpendicular to the magnetic 
field for the force per unit current per unit length definition not to require inclusion of a sin θ factor. It 
was often ambiguous what it was that candidates were describing as ‘perpendicular’, with many 
responses appearing to be describing the orientation of the force produced rather than the 
orientation of the current and the magnetic field. 

 
(b) (i) Candidates needed to explain why there is a force, and then to explain why this force is vertical. 

Candidates were generally more successful in answering the first point than the second point. 
 
 (ii) Many candidates were successful in being awarded partial credit.  A common error was the 

omission of the 40 turns factor. Some candidates ignored the instruction to give their answer to 
three significant figures. Weaker candidates usually started off on the wrong track with responses 
that were unable to be awarded credit. The most common incorrect starting approach was to 
equate the magnetic force with the reading on the newton meter rather than the force exerted on 
the top-pan balance. 

 
 (iii) Candidates were expected to deduce (and explain) that, because the balance reading increased, 

the force on the magnets was downwards and therefore, by Newton’s third law, the magnetic force 
on the coil is upwards. Many of the more able candidates were able to deduce correctly the new 
reading of 0.542 N, but only the strongest candidates successfully explained their reasoning. 
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Question Answer Marks 

8(a) direction of induced e.m.f. M1 

 such as to (produce effects that) oppose the change that caused it A1 

8(b)(i) X = 0.85 A A1 

 Y = 2 / 0.040 C1 

  = 160 rad s–1 A1 

8(b)(ii) two cycles of a sinusoidal curve with a period of 0.040 s B1 

 correct phase (i.e. V2 max / min at t = 0, 0.02, 0.04, 0.06 and 0.08 s, and V2 zero at t = 0.01, 0.03, 0.05, 0.07 s) B1 

 maximum / minimum V2 shown (consistently) at ± 6.5 V B1 

8(b)(iii) (magnitude of) V2 is proportional to rate of change of (magnetic) flux B1 

 • V2 is proportional to gradient of I1–t curve 

• V2 has maximum magnitude when I1–t curve is steepest 

• V2 is zero when I1–t curve is horizontal / a maximum or minimum 

• V2 changes sign when sign of gradient of I1–t curve changes 
Any two points, 1 mark each 

B2 
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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 

6(a)(i) PQRS and WXYZ B1 

6(a)(ii) force on charge carriers is perpendicular to both (magnetic) field and current B1 

as charge carriers are deflected to one side, an electric field is set up  B1 

(steady VH when) electric and magnetic forces on charge carriers are equal (and opposite) B1 

6(b)(i) n: number density of charge carriers B1 

t: distance PW (or SZ or QX or RY) B1 

q: charge on each charge carrier B1 

6(b)(ii) VH inversely proportional to t B1 

(so t needs to be small for) VH to be large enough to measure B1 
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Question 4 
 
(a) Many candidates stated that electric field lines go from positive to negative rather than what the 

field lines indicate. 
 
(b) (i) The field pattern was drawn well by most candidates. A few candidates had the arrow pointing in 

the opposite direction and a few drew lines that did not reach the metal plates. 
 
 (ii) There were many correct answers here. Weaker candidates sometimes used the formula of the 

field strength around a point charge, which is incorrect physics in this situation. 
 
(c) (i) Candidates found drawing the path of the proton challenging. Most candidates gained credit for the 

correct direction of deflection. However, many did not have the proton beginning to deflect near to 
the point where the region of the electric field began and many did not draw the path as a straight 
line after leaving the region of the electric field. 

 
 (ii) This explanation was challenging. A significant number of candidates correctly stated that the final 

speed of the helium nucleus is less than the final speed of the proton. However, it was not clear 
that the candidates realised that the speed was the combination of the constant horizontal velocity 
and the increasing velocity perpendicular to the plates. Some candidates realised that the charge-
to-mass ratio was important in this question but very few candidates separated the velocities into 
their vertical and horizontal components. A number of candidates thought the helium nucleus was 
not charged so would not be affected by the electric field at all. 

 
Question 5 
 
(a) (i) Most candidates were able to calculate the charge on the capacitor. 
 
 (ii) Most candidates were able to calculate the current in the wire at time t = 0. The most common 

misconception was that the current was 0 because the time was 0. 
 
 (iii) The calculation proved to be more challenging than the previous two calculations. A significant 

number of candidates used the current in place of the capacitance, being unsure of the meaning of 
the symbol C in τ = RC. 

 
 (iv) There were many correct lines sketched here, but some candidates do not realise that an 

exponential decay curve neither touches the time axis nor becomes horizontal. 
 
(b) (i) This explanation proved to be challenging. Many candidates realised that there was a magnetic 

field around P due to the current in it. However, the fact that the current was not constant, and that 
therefore the flux was changing, giving a changing flux in Q and an e.m.f. induced in Q, was often 
missed. Many candidates went straight to describing an induced current in Q, rather than an 
induced e.m.f. which then causes an induced current if a circuit is complete. 

 
 (ii) Many candidates gained credit. 
 
Question 6 
 
(a) (i) Most candidates correctly identified the faces that were perpendicular to the magnetic field. 
 
 (ii) Many candidates knew the electrons would experience a force towards one face and hence an 

electric field was set up. However, only the stronger candidates realised that the force on the 
charge carriers (electrons) was perpendicular to both the magnetic field and the current. A 
misconception evident in responses was that the two fields (electric and magnetic) become equal 
rather that the forces on the charge carriers due to the two fields becoming equal. 

 
(b) (i) Some candidates were not awarded credit here because they were not specific enough in their 

responses. The detail of number of charge carriers per unit volume and the charge of a charge 
carrier was often missing. Some candidates did not seem familiar with this formula at all and 
number of moles and time were seen as responses. 
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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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