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Question Answer Marks 

1(a) (gravitational) force is (directly) proportional to product of masses B1 

 force (between point masses) is inversely proportional to the square of their separation  B1 

1(b)(i) force = (6.67  10–11  4.0  1030  2.0  1030) / (3.3  1012)2 C1 

  = 4.9  1025 N A1 

1(b)(ii) a = F / m = (4.9  1025) / (4.0  1030) 
 

 = 1.2  10–5 m s–2 

A1 

1(b)(iii) a = r2  and   = 2 / T 
or 
a = v2 / r and  v = (2r / T) 

C1 

 r  = (3.3  1012) / 3 C1 

 T = 2 [(3.3  1012) / (3  1.2  10–5)]½ 

 

 = 1.9  109 s 

A1 

1(b)(iv) acceleration: B greater than A B1 

 linear speed: B greater than A B1 

 period:  B equal to A B1 
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Comments on specific questions

Question 1

(a) Generally, this question was answered well and most candidates were awarded full credit. Some
candidates stated that the force was proportional to the ‘masses’ rather than the product of the
masses. Some candidates stated the force was inversely proportional to the ‘distance’ or ‘radius’ 
squared, rather than the ‘separation’  or ‘distance of separation’ of the masses squared. A small
number of candidates referred to ‘indirect’ rather than ‘inverse’ proportion regarding the separation
squared or omitted ‘squared’. A small number of candidates did not refer to force and gained no
credit.

(b) (i)  The majority of the candidates gained full credit. The most common error involved using the
incorrect distance for the separation of the stars. 

(ii)  A large proportion of candidates gave the correct answer. Some candidates did not realise that the
radius of the path of star A was one-third of the separation of the stars, and a small number of
candidates did not correctly identify appropriate starting equations.

(iii) Candidates were guided to use their answer from (b)(ii). Those who ignored this were generally
unsuccessful in reaching the correct answer.

(iv) The majority of the candidates placed their ticks in the correct cells of the table. Almost all
candidates were able to gain at least partial credit.  

Question 2

(a) (i)  A common error was giving the meaning of T  as ‘thermal dynamic’ temperature. Less common
errors were giving the meaning of N  as the number of moles and the value of k  instead of its
meaning.

(ii)  A significant number of candidates were careless with regard to the symbols used for mean-square

speed, writing <c >2 instead of <c 2> or
2

c   instead of
2

c  . An incorrect final answer was often

E K =
3

2
NkT , having not cancelled N  following the use of the correct starting equation. Some

candidates gave two correct starting equations ( pV  = NkT  and  pV =
1

3
Nm<c 2>) but did not clearly

show in their derivations how these were combined.  

(b) Most candidates gained at least partial credit. Common incorrect final answers were 1/4 and 16,
both of which implied that the average kinetic energies of a particle in both gases were the same.

Question 3

(a) Some candidates did not mention random motion and/or ‘total’ when referring to kinetic energy.
The fact that the molecular potential energy is zero in an ideal gas was well known. Some
candidates did not refer to molecules or particles at all in their answers.

(b) (i) The equation
3

2
kT  was commonly assumed to be the correct equation to use, as the candidate had

 just derived it in Question 2. Many candidates calculated E K for only one molecule, omitting to
calculate and use N. 

(ii)  Most candidates gave the correct answer.

(iii) Most candidates gave the correct answer. A minority made a power-of-ten error.  

(iv)  A significant proportion of candidates incorrectly drew a straight line from B to C for line Y. Most
candidates placed B and C in the correct positions and drew the correct line for X.  
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Question Answer Marks 

1(a)(i) radius = 6.37  106  cos 52.2° = 3.90  106 m A1 

1(a)(ii) period = 24 hours C1 

 v = 2r / T 
or 
v = r  and   = 2 / T  

C1 

 v = (2  3.90  106) / (24  60  60) 
 
 = 280 m s–1  

A1 

1(b)(i) F = mv2 / r C1 

  = (58.6  2802) / (3.90  106) 
 
 = 1.2 N 

A1 

1(b)(ii) arrow pointing horizontally to the left B1 

1(b)(iii) arrow from student pointing along the dotted line, labelled ‘weight’ B1 

 upwards arrow from student pointing in a direction to the left of normal and above the tangent to the Earth, labelled ‘contac t 
force’  

B1 

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

October/November 2025  

 

© Cambridge University Press & Assessment 2025 Page 8 of 17  
 

Question Answer Marks 

1(a)(i) radius = 6.37  106  cos 52.2° = 3.90  106 m A1 

1(a)(ii) period = 24 hours C1 

 v = 2r / T 
or 
v = r  and   = 2 / T  

C1 

 v = (2  3.90  106) / (24  60  60) 
 
 = 280 m s–1  

A1 

1(b)(i) F = mv2 / r C1 

  = (58.6  2802) / (3.90  106) 
 
 = 1.2 N 

A1 

1(b)(ii) arrow pointing horizontally to the left B1 

1(b)(iii) arrow from student pointing along the dotted line, labelled ‘weight’ B1 

 upwards arrow from student pointing in a direction to the left of normal and above the tangent to the Earth, labelled ‘contac t 
force’  

B1 

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

October/November 2025  

 

© Cambridge University Press & Assessment 2025 Page 8 of 17  
 

Question Answer Marks 

1(a)(i) radius = 6.37  106  cos 52.2° = 3.90  106 m A1 

1(a)(ii) period = 24 hours C1 

 v = 2r / T 
or 
v = r  and   = 2 / T  

C1 

 v = (2  3.90  106) / (24  60  60) 
 
 = 280 m s–1  

A1 

1(b)(i) F = mv2 / r C1 

  = (58.6  2802) / (3.90  106) 
 
 = 1.2 N 

A1 

1(b)(ii) arrow pointing horizontally to the left B1 

1(b)(iii) arrow from student pointing along the dotted line, labelled ‘weight’ B1 

 upwards arrow from student pointing in a direction to the left of normal and above the tangent to the Earth, labelled ‘contac t 
force’  

B1 

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

October/November 2025  

 

© Cambridge University Press & Assessment 2025 Page 8 of 17  
 

Question Answer Marks 

1(a)(i) radius = 6.37  106  cos 52.2° = 3.90  106 m A1 

1(a)(ii) period = 24 hours C1 

 v = 2r / T 
or 
v = r  and   = 2 / T  

C1 

 v = (2  3.90  106) / (24  60  60) 
 
 = 280 m s–1  

A1 

1(b)(i) F = mv2 / r C1 

  = (58.6  2802) / (3.90  106) 
 
 = 1.2 N 

A1 

1(b)(ii) arrow pointing horizontally to the left B1 

1(b)(iii) arrow from student pointing along the dotted line, labelled ‘weight’ B1 

 upwards arrow from student pointing in a direction to the left of normal and above the tangent to the Earth, labelled ‘contac t 
force’  

B1 

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

October/November 2025  

 

© Cambridge University Press & Assessment 2025 Page 8 of 17  
 

Question Answer Marks 

1(a)(i) radius = 6.37  106  cos 52.2° = 3.90  106 m A1 

1(a)(ii) period = 24 hours C1 

 v = 2r / T 
or 
v = r  and   = 2 / T  

C1 

 v = (2  3.90  106) / (24  60  60) 
 
 = 280 m s–1  

A1 

1(b)(i) F = mv2 / r C1 

  = (58.6  2802) / (3.90  106) 
 
 = 1.2 N 

A1 

1(b)(ii) arrow pointing horizontally to the left B1 

1(b)(iii) arrow from student pointing along the dotted line, labelled ‘weight’ B1 

 upwards arrow from student pointing in a direction to the left of normal and above the tangent to the Earth, labelled ‘contac t 
force’  

B1 

9702_w25_qp_42_qu_001 MS



 

Cambridge International Advanced Subsidiary and Advanced Level
9702 Physics November 2025

Principal Examiner Report for Teachers

© 2025

Comments on specific questions

Question 1

(a) (i) This question was generally well answered, with most candidates able to show the relevant
trigonometry relating the radius of the Earth and the radius of the circle.

(ii) Stronger candidates had little difficulty with this question, but many of the weaker candidates found
it difficult. Common mistakes were either to try to use an equation derived from equating
gravitational force with resultant force, or to take the period of the circular motion as one year
rather than one day.

(b) (i)  Most candidates knew the correct starting equation for the resultant force F  = mv 2 / R , and many
were able to achieve full credit. Other than errors in arithmetic such as forgetting to square the
speed, the common mistake of physics was to use the radius of the Earth rather than the radius of
the circular motion.

(ii) Many candidates thought that the resultant force causing circular motion is towards the centre of
the Earth rather than towards the centre of the circle.

(iii) Many candidates knew that one of the forces acting on the candidate is the weight towards the
centre of the Earth. Very few candidates were able to deduce that the other force is the contact
force from the surface of the Earth upwards from the surface and slightly to the left. Candidates
were allowed credit for splitting this contact force into its normal and frictional components,
provided those components were labelled correctly.

Question 2

(a)  This question was generally well answered, with most candidates able to give a correct statement
of Newton’s law of gravitation. 

(b) Whilst candidates generally had a reasonable understanding of what the assumptions of the kinetic
theory are, many did not articulate clearly enough that they were discussing the molecules of the
gas rather than the gas itself. For example, responses such as ‘gases have negligible volume’ and
‘gases undergo elastic collisions’ were common incorrect answers.  There was no credit available to
candidates for repeating the assumption that was stated in the question.

(c) (i)  Most candidates knew the correct starting equation and were able to use it. Some candidates did
not notice that the data provided in the question was given to three significant figures and that
therefore three significant figures should be given in the answer.

(ii) Many candidates realised that the starting point for this question was to determine the number of
molecules in the sample. Many candidates then stopped after determining the effective volume
occupied per molecule, without converting the volume into an effective distance of separation. In
carrying out this last step, candidates could treat the effective space occupied by each molecule as
a cube or a sphere, leading to an effective mean separation of the order of 10  –9 m.

Many answers were seen that were many orders of magnitude away from being plausible, and this
was a good example of a question in which taking time to consider whether the answer makes
sense can lead to detection of an error in the working. For example, a candidate that stops at the
volume and arrives at an answer of 10 –27 m ought to realise that it cannot make sense for the
effective separation to be smaller than the diameter of the nucleus of an atom.

(d) (i) Most candidates that obtained an answer in (c)(ii) were able to use their separation with Newton’s
law of gravitation to determine the gravitational force between adjacent molecules. Some weaker
candidates used the equation for gravitational field strength rather than gravitational force and
omitted to square the mass in the numerator.

(ii)  The hint in the question was that candidates needed to determine an order of magnitude for the
weight of a molecule. Those that determined the 10 –26 N figure and then drew a consistent
conclusion about the validity of the assumption based on comparing 10 –26 N with their answer in
(d)(i) were awarded credit.
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Question Answer Marks 

1(a) velocity and acceleration both have constant magnitude B1 

 velocity is (always) perpendicular to acceleration B1 

1(b)(i) v = R A1 

1(b)(ii) a = R2  or  a = v2 / R C1 

 a = v A1 

1(c)(i) x = R sin  A1 

1(c)(ii)  = t A1 

1(c)(iii) clear substitution of  = t into x = R sin  leading to x = R sin t A1 

1(c)(iv) equation is of the form x = x0 sin t (so simple harmonic motion) B1 

1(d)(i) amplitude = 0.46 / 2 

 

 = 0.23 m 

A1 

1(d)(ii)  = 2 / T C1 

 period = 2 / 1.9 

 

 = 3.3 s  

A1 
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Question Answer Marks 

1(d)(iii) a0 = 2x0 C1 

  = 1.92  0.23 

 

 = 0.83 m s–2 

A1 

1(e) shadow on screen, labelled A, above left-hand edge of the circular path B1 

 

Question Answer Marks 

2(a) work done on / by system B1 

 thermal energy supplied to / removed from system B1 

2(b)(i) no thermal energy transferred to / from system (due to lack of time) B1 

 work is done on the gas to compress it / to decrease its volume B1 

 internal energy increases so temperature increases B1 

2(b)(ii) (during vaporisation) molecular separation increases B1 

 (heating causes) potential energy of molecules to increase B1 

 kinetic energy of molecules unchanged so temperature unchanged B1 
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Comments on specific questions

Question 1

(a) Most candidates appreciated that velocity and acceleration were always perpendicular to each
other in circular motion. A smaller number of candidates appreciated that the magnitude of the
velocity (speed) was constant. It was rarely written that the magnitude of the acceleration was also
constant.

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

(ii)  Most candidates understood the relationship between acceleration and either angular or linear
velocity. Some candidates did not identify that the question required a relationship to be given that
included all three of those quantities. 

(c) (i)  Most candidates recognised that a sine term needed to be used in the expression.

(ii)  This question was generally answered correctly.

(iii) This ‘show that’ question required candidates to include both equations from the two earlier parts of
(c) before they made the substitution to match the given answer.

(iv) Many candidates ignored the requirement to refer to the given equation in (c)(iii). Instead, correct
relationships were often given between acceleration and displacement. Such answers were not
able to gain credit as they did not answer the question that was asked.

(d) (i) This question was generally answered correctly, with most candidates understanding what is
meant by amplitude.

(ii)  Most candidates knew the relationship between angular frequency/velocity and period.  

(iii) Successful responses made clear that the acceleration and displacement were the maximum
values, by the inclusion of a subscript (a0, x 0) in the equation used.

(e) This question considered the movement of the shadow on the screen. Only the strongest
candidates appreciated that drawing the shadow as a whole gave a greater opportunity to correctly
identify the position of maximum positive acceleration. A significant minority of candidates did not
follow the instruction in the question to label the shadow with the letter ‘A’. Stronger candidates
appreciated that the maximum positive acceleration would occur at the extreme left-hand edge of
the movement of the shadow.

Question 2

(a) Stronger candidates clearly described the context of a system or gas, and were able to identify that  
work being done or thermal energy being added or removed would change the internal energy of
that system. A significant number of candidates mistakenly appeared to believe that changes of
work or changes of thermal energy were required to change the internal energy.

(b) (i)  Some candidates did not mention a system or gas, making their descriptions inaccurate. Stronger
candidates understood that the change was too quick to allow thermal energy to be involved.
Weaker answers confused thermal energy with internal energy or temperature.

(ii)  Many answers did not refer to molecular energies directly. Descriptions of bonds being broken
were common, but stronger candidates explained that both molecular separation and molecular
potential energy increased. The link between molecular kinetic energy and temperature was
generally well understood.

Question 3

(a) In general, the ratio of force per unit mass was clearly expressed.
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Question Answer Marks 

1(a) angle (subtended at centre of a circle) when arc (length) = radius B1 

1(b)(i) v = r C1 

  = 17 / 0.46 

 

 = 37 rad s–1 

A1 

1(b)(ii) T = 2r / v  or  T = 2 /  C1 

  = 2 × 0.46 / 17  or  2 / 37   
 

 = 0.17 s 

A1 

1(b)(iii) distance = 2 × 0.038 = 0.24 m A1 

1(b)(iv) angle = arc length / radius C1 

              = 0.24 / 0.15 

 

             = 1.6 rad 

A1 

1(c) point X moves through a smaller distance in the same time 

or 
(linear) speed of movement of point X / chain decreases 

or 
(linear) speed of (circumference of) both cogs decreases 

B1 

 angular speed (of pedals) decreases B1 
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Comments on specific questions

Question 1

(a) The definition of the radian was generally well known and successfully stated by the majority of the
candidates.

(b) (i) Most candidates knew that the starting equation for this question was v  = r  , and many candidates
calculated the correct angular velocity. A common mistake was to use the speed of the wheel of
the bicycle with the radius of the small cog rather than the radius of the wheel.

(ii)  Most candidates knew one or other of the valid starting equations, and many realised that they just
needed to use the angular velocity calculated in (b)(i). Weaker candidates attempted to find a

different angular velocity before using T  = 2 /  .

(iii)  Most candidates realised that this question was effectively asking them to determine the

circumference of the small cog, and were able to show that using the equation circumference = 2r .
Some candidates used an incorrect answer to (b)(ii) together with the speed of the bicycle to

obtain what was a numerically correct answer using speed = distance  time. The idea that the
circumference of the small cog is related to the period of rotation via the speed of the bicycle was
taken by examiners to be fundamentally incorrect physics.

(iv)  This was another question in which most candidates knew the correct starting equation, s = r  . A
smaller number of candidates realised that the correct radius needed to determine the angle turned
by the large cog was the radius of the large cog.

(c) This was a challenging question set in the context of the effect of changing a bicycle’s gear on the
rate at which the pedals rotate. It discriminated well among the most able candidates, with the
strongest candidates able to give very convincing explanations for the decrease in angular velocity
of the pedals.

Question 2

(a) (i)  Many candidates attempted to answer a different question from the one asked, and either gave the
definition of gravitational field or an explanation of what is meant by a gravitational field. Of those
candidates that did address the question of what is represented by a gravitational field line, many
correctly stated that a field line represents the direction of the force exerted on a test mass. Other
candidates incorrectly thought that a single field line represents the magnitude of the field. Another
weak answer was that a field line represents the direction in which a test mass will move or
accelerate, not appreciating that the motion of a particle depends on the resultant of all the forces
acting on it, not just the gravitational force.

(ii)  This question was generally well answered, with most candidates making an attempt to draw a
radial field pattern towards the centre of the planet.

(b) (i)  Many candidates did not know that magnetic field lines point away from magnetic N poles and
towards magnetic S poles.

(ii) Many candidates found it difficult to apply their knowledge of the magnetic field pattern due to a
solenoid to the scenario of the magnetic field due to the Earth. Candidates should remember that
magnetic field lines cannot cross each other.

(c) (i)  Many candidates answered a different question from the one asked here, and gave explanations of
how the Earth’s gravitational field varies with height above the surface for small changes in height.
This question was about how the gravitational field around the surface varied around the surface,
and many candidates missed this. Since gravitational field is a vector quantity, examiners were
looking for an explanation for the constant magnitude (in terms of uniform spacing of field lines at
the surface), and for an explanation of constant direction by observing that the gravitational field is
downwards wherever one stands on the surface of the Earth.

(ii)  Again, magnetic field is a vector quantity, and so, for full credit, candidates needed to address both
the variation in magnitude of the magnetic field around the surface and the variation in its direction.
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Question Answer Marks 

1(a) arrow vertically downwards labelled ‘weight’ and arrow perpendicular to cone, inwards and upwards, labelled ‘normal 
contact force’ 

B1 

1(b) vertical component of contact force = weight (so no resultant force vertically)  B1 

 horizontal component of contact force is resultant force towards centre (of circle) B1 

1(c) a = v2 / r C1 

 a = g tan 52° C1 

 9.81  tan 52° = v2 / 0.15 leading to v = 1.4 m s–1 A1 

1(d) v = r or a = r2 C1 

  = 1.4 / 0.15 or √(9.81  tan 52° / 0.15) 
 = 9.3 rad s–1 

A1 

1(e) same resultant force / same acceleration so v2 is proportional to r (so if speed increases radius must also increase) A1 

   

Question Answer Marks 

2(a) sketch: 
line from x = R to x = 4R entirely in the negative  region 

B1 

 curve with continuously decreasing magnitude and with gradient of continuously decreasing magnitude, starting at (R, ) B1 

 line passing through (2R, ½) and (4R, ¼) B1 

2(b) horizontal straight line from t = 0 to t = 24 hours B1 

 line starting at (0, –) B1 
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General comments 
 
The question paper contained questions of a variety of levels of difficulty, enabling candidates at different 
levels of ability to demonstrate their knowledge and understanding of the subject. Candidates who knew the 
theory, read the questions carefully, took care over their use of technical language and answered the 
questions asked were able to perform well. 
 
There was no evidence that candidates who were properly prepared for the examination had insufficient time 
in which to complete the paper. Candidates should be advised that a response should always be attempted, 
because where there is a response examiners may find opportunities to award credit. 
 
Comments on specific questions 
 
Question 1 
 
(a)  A large proportion of candidates thought that centripetal force was one of the two forces acting on 

the sphere. Correct force diagrams were only seen from a small number of candidates. Some 
candidates drew diagrams that included more than two forces. 

 
(b)  Many candidates answered a different question from the one asked here. The question here was to 

explain how the two forces acting on the sphere result in the acceleration of the sphere being 
centripetal. Examiners were expecting to see discussion of horizontal and vertical components of 
the normal contact force, that the vertical component balances the weight and that the horizontal 
component is therefore effectively the resultant force that acts towards the centre of the circle.  
Most responses seen made no reference to the two forces acting at all. 

 
(c)  The general equation for acceleration in terms of speed and radius was generally well known. 

Candidates found it more difficult to use the trigonometry involved in getting to the magnitude of the 
resultant force from the weight of the sphere. 

 
(d)  This was the most successfully answered part of Question 1, with many candidates obtaining the 

correct answer. 
 
(e)  A very common misconception was that the angular frequency must remain unchanged, leading to 

direct proportionality between speed and radius. The candidates who fully appreciated the force 
analysis of the earlier parts of the question realised that the resultant force, and hence centripetal 
acceleration, cannot change, and thus the correct relationship is that radius is proportional to the 
square of speed. 

 
Question 2 
 
(a)  Candidates who knew the inverse relationship, understood that gravitational potential is always 

negative, and took care over their diagrams, were generally able to achieve the marks. 
 
(b)  Many candidates realised that, at a constant distance from the Earth’s surface, the gravitational 

potential must be constant. 
 
(c)  This question required candidates to realise two things.  One, that the potential is zero at the 

earthed plate and +V at the upper plate. Two, that the electric field between parallel plates is 
uniform. Candidates who realised both aspects, and took care over the start and end points of their 
line, were generally able to achieve the marks. 

 
Question 3 
 
(a) (i) Generally well answered by the stronger candidates.  However, several misconceptions are worth 

highlighting. Firstly, many candidates appeared to think that ‘constant temperature’ and ‘equal 
temperatures’ mean the same thing. Secondly, many candidates confused internal energy and 
thermal energy and gave answers that were contradictory. 

 
 (ii) Most candidates knew the general equation for specific heat capacity and were therefore able to 

achieve the first ‘working’ mark. However, only the strongest candidates correctly analysed the 
energy transfers involved to arrive at the correct answer. 

 

9702_m25_qp_42_qu_001 ER



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

October/November 2024 

 

© Cambridge University Press & Assessment 2024 Page 5 of 14  
 

 

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

1(a) angle (subtended at the centre of a circle) when arc (length) = radius B1 

1(b)(i) arrow, labelled V, pointing in NE direction   B1 

1(b)(ii) arrow, labelled A, pointing in NW direction B1 

1(c)(i) v = r C1 

 = 0.68 / (0.093 � 0.012) 
 
 = 8.4 rad s�1 

A1 

1(c)(ii) a = v2 / r  or  a = r2 C1 

a = 0.682 / (0.093 � 0.012)  or  (0.093 � 0.012)  8.42  
 
 = 5.7 m s�2 

A1 

1(d) angular speed: same for both pieces B1 

linear speed: less for second piece than first piece B1 

acceleration: less for second piece than first piece B1 
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Comments on specific questions 
 
Question 1 
 
(a)  The definition of the radian was well known by many candidates. It was important to note that this 

question asked for the definition of the unit, not the definition of the quantity ‘angle’ in radians. 
 
(b) (i) Most candidates knew the general direction for the linear velocity of the modelling clay at the 

position shown, and examiners allowed a reasonable range for the precise direction in which the 
arrow was drawn. Some candidates did not take sufficient care to ensure that the direction was 
tangential to the circle at that point, and others drew curved arrows (implying that the velocity at 
that point has multiple directions). 

 
 (ii) Most candidates realised that the acceleration is centripetal and drew the arrow accordingly. 
 
(c) (i) Most candidates used the correct starting equation, but only a minority correctly worked out the 

radius of the circle described by the modelling clay. 
 
 (ii) Many candidates were able to achieve full credit on this question, either by arriving at the correct 

answer or by the principle of error carried forward. 
 
(d)  The stronger candidates generally answered this question correctly, whereas weaker candidates 

largely appeared to guess. 
 
Question 2 
 
(a)  There was a widespread misunderstanding that thermal equilibrium results in no transfer of thermal 

energy at all between the two objects. Candidates who realised that the rate of transfer of energy 
between them is constant, and so there is no net transfer between them, were awarded credit. 

 
(b) (i) Very many candidates achieved full credit in this question. As always with a ‘show that’ question, 

marks are not awarded for getting to the answer, but for showing the working that leads to the 
answer. The common reasons for credit not being awarded were not showing the full substitution 
into pV = nRT or not showing the final subtraction of 273 to convert the temperature from kelvin to 
degrees Celsius. 

 
 (ii) Most candidates were awarded credit for the correct starting equation, but some did not realise that 

the precision of the data provided in the question demanded a three significant figure answer. 
Others neglected the ‘explain your reasoning’ aspect of the question, and did not explain that the 
temperatures of the two gases are equal as a consequence of their being in thermal equilibrium. 

 
 (iii) Many candidates achieved at least partial credit, and many of the strongest candidates were 

awarded full credit. Among weaker candidates there was considerable confusion between r.m.s. 
speed and mean-square speed. 

 
Question 3 
 
(a)  The definition of internal energy was generally well known, although many of the weaker 

candidates confused the definition of internal energy with the first law of thermodynamics as a 
means of describing how the internal energy of an object may be changed. 

 
(b)  In both parts of this question, candidates were expected to explain how the change in temperature 

affected molecular kinetic energy and how the change in molecular separation affected molecular 
potential energy. Having deduced the changes (or lack of changes) in those two energies, they 
were then expected to relate the overall change in internal energy to them. 

 
  These extended writing questions proved to be a good test of understanding of physics and the 

ability to articulate physics. Many of the stronger candidates were awarded full or almost full credit. 
For all candidates, a significant problem was not reading the question carefully enough, and 
therefore not answering it. Many candidates ignored the instruction to discuss the molecular kinetic 
and potential energies, and instead gave arguments based on the first law of thermodynamics. 
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Question Answer Marks 

4(d)(i) 8.0 W  A1 

4(d)(ii) 4.0 W  A1 

   

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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Question Answer Marks 

1(a) angle (subtended at centre of circle) when arc length = radius B1 

1(b)  = 2 / T  C1 

  = 2 / (1.0  60  60) 
 

 = 1.7  10–3 rad s–1  

A1 

1(c)(i) angle = 1.7  10–3  1400 
 
 = 2.4 rad 

A1 

1(c)(ii) L = arc length / angle 
 
 = 0.44 / 2.4 
 
or 
 

L = 0.44  (3600 / 1400) / 2 

C1 

 L = 0.18 m A1 

1(c)(iii) a = r2 C1 

  = 0.18  (1.745  10–3)2 

 

 = 5.5  10–7 m s–2 

A1 

1(d) centripetal acceleration is negligible compared with acceleration of free fall 
or 
numerical comparison establishing answer to (c)(iii) ≪ 9.81 

B1 

 resultant force is negligible compared with weight (of modelling clay) (so variation is negligible) 
or 
force exerted by minute hand (approximately) equal (and opposite) to weight of modelling clay 

B1 
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Question Answer Marks 

1(a) angle (subtended at centre of circle) when arc length = radius B1 

1(b)  = 2 / T  C1 

  = 2 / (1.0  60  60) 
 

 = 1.7  10–3 rad s–1  

A1 

1(c)(i) angle = 1.7  10–3  1400 
 
 = 2.4 rad 

A1 

1(c)(ii) L = arc length / angle 
 
 = 0.44 / 2.4 
 
or 
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Comments on specific questions 
 
Question 1 
 
(a)  The definition of the radian was well known by many candidates. It was important to note that this 

question asked for the definition of the unit, not the definition of the quantity ‘angle’ in radians. 
Some weaker candidates defined the radian in terms of the degree to radian conversion.  

 
(b)  Most candidates knew the equation for calculation of angular speed from the period, and many 

were then able to use it to calculate the angular speed correctly. Some of the weaker candidates 
thought that the minute hand of a clock takes 1 minute, rather than 1 hour, to undergo one 
complete revolution. 

 
(c) (i) Most candidates used their angular speed from (b) to calculate correctly a value for the angle 

moved through in the 1400 s time interval. 
 
 (ii) This question proved to be a little more challenging for some of the candidates, but stronger 

candidates were generally able to calculate the value of L correctly. There were two possible 
methods, using either the answer to (b) or the answer to (c)(i). Full credit was available by the 
‘error carried forward’ principle from incorrect previous answers, but this did occasionally result in 
values for L that were implausible. Candidates should be advised that a quick mental check on the 
plausibility of their answers can often help them to identify where they have made mistakes. 

 
 (iii) Most candidates knew the equation for calculating centripetal acceleration from angular speed and 

radius, but a significant minority of weaker candidates did not appreciate that the value of L is the 
radius of the circle. Many of them took the arc length 0.44 m as the radius. 

 
(d)  This was a challenging question. Some good responses were seen from the strongest candidates. 

The key advice to candidates is that quantities are very rarely ‘negligible’ in absolute terms; they 
are only negligible in relation to another quantity. Many candidates made the statement that the 
centripetal acceleration is negligible, but without any reference to a comparison. Examiners were 
looking for a comparison with the acceleration of free fall; this comparison then leads directly to the 
fact that the resultant force on the modelling clay is negligible in comparison with its weight, and 
hence the force exerted by the minute hand is approximately equal to the weight with negligible 
variation. Many of the weaker candidates attempted to explain why the force exerted by the minute 
hand is negligible, rather than explaining why its variation with time is negligible. 

 
Question 2 
 
(a) (i) Most candidates were awarded at least partial credit, but full credit was often not possible because 

of a dimensionally incorrect definition that gave an energy rather than an energy per unit mass. 
 
 (ii) Most candidates were able to be awarded credit for the substitution of the given numbers into the 

equation for gravitational potential. Some candidates did not realise that gravitational potential must 
be negative or did not know the unit. 

 
(b) (i) Most candidates realised that the magnitude of potential energy is obtained by multiplying the 

potential by the mass, but a significant minority thought that there is a negative relationship 
between gravitational potential and gravitational potential energy. Some weaker candidates 
attempted to give expressions in terms of quantities other than the two asked for in the question. 

 
 (ii) This was generally well answered by candidates who realised that the loss in kinetic energy of the 

particle must equal the gain in gravitational potential energy, though some were a little confused 
over signs in the starting equation. Many weaker candidates tried to answer this question by 
equating gravitational and centripetal forces. 

 
(c)  This question was generally well answered, with most candidates able to use their answer to (a)(ii) 

with the given equation to calculate a speed. 
 
(d)  Many of the more able candidates calculated the correct answer with relative ease, although a 

significant minority forgot to take the square root of their value of mean-square speed at the end. 
Some of the weaker candidates realised that the starting point required the mean kinetic energy to 

9702_w23_qp_42_qu_001 ER



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

May/June 2023 

 

© UCLES 2023 Page 7 of 16  
 

Question Answer Marks 

2(a) horizontal force on sphere causes centripetal acceleration B1 

 weight of sphere is (now) equal to vertical component of tension 
or 
horizontal and vertical components (of force) (now) combine to give greater tension (in spring) 

B1 

 greater tension in spring so greater extension of spring B1 

2(b)(i) r = 10.8  sin 27° = 4.9 cm A1 

2(b)(ii) T cos  = mg 
or 

T cos  = W  and  W = mg  

C1 

 T cos 27° = 0.29  9.81 leading to T = 3.2 N A1 

2(b)(iii) T = 3.2 � (0.29  9.81) C1 

 k = T / x 
 

 = [3.2 � (0.29  9.81)] / [10.8 � 8.5] 
 
 = 0.15 N cm�1 

A1 

2(c)(i) centripetal acceleration = (T sin ) / m 
 

 = (3.2  sin 27°) / 0.29 

C1 

  = 5.0 m s�2 A1 
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2(c)(ii) a = r2  and   = 2 / T 
or 

a = v2 / r  and  v = 2r / T  

C1 

 T = 2  √(0.049 / 5.0) 
 
 = 0.62 s 

A1 
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Comments on specific questions 
 
Question 1 
 
(a) (i) Only a minority of candidates knew the syllabus ‘bookwork’ that defines gravitational field as force 

per unit mass. Many candidates did not give the definition of a quantity but instead answered a 
different question, asking what is meant by the concept of a gravitational field. As this was such a 
common misunderstanding of the question, the Examiners did award credit on this occasion for 
responses that answered the latter question. However, teachers should be aware that candidates 
are expected to know the syllabus definition that gravitational field is a vector quantity, given by the 
force per unit mass on an object. 

 
 (ii) The comments for (a)(i) are also relevant here for the definition of electric field.  Candidates are 

expected to know the syllabus definition that electric field is force per unit positive charge. 
 
 (iii) There were many correct similarities and differences stated here. Some candidates gave 

responses that were correct for forces or fields rather than potentials, such as “both are inversely 
proportional to distance squared” or “one is attractive and the other is repulsive”. 

 
(b) (i) This proof proved to be challenging for many candidates. A significant number of candidates 

started with the definition of electric field strength as F / Q which is correct, but they needed to 
extend it to the field due to a point charge. Some candidates were attempted to equate the two field 
strengths, when they have different dimensions so cannot be equated. 

 
 (ii) Candidates who did not reach the required expression in (b)(i) were unable to show the numerical 

value for α here. They did not know the combination of constants that was represented by α. It 
should be noted that full substitution is required in ‘show that’ calculations, including all constants. 
Here it was necessary to see the numerical values for ε0 and G being used to determine the value 
of α. 

 
(c) (i) Many candidates used the expression stated in (b)(i) to calculate the electric field strength at the 

surface of the Earth. However, some then gave their answer to two significant figures when the 
data were given to three significant figures. The requirement for a unit also proved challenging to 
many candidates. Weaker candidates often tried to answer this by starting once again from first 
principles, only to find that they did not have enough information to do this. 

 
 (ii) There were many correct answers here comparing the directions of the two fields. Some 

candidates did not realise the significance of the information at the start of (c) that the charge 
carried by the Earth is negative. Some gave the general case and said the direction of the electric 
field could be towards or away from the surface of the Earth. Some candidates said the directions 
were opposite, presumably assuming that the charge of the Earth was positive. 

 
Question 2 
 
(a) This question proved to be challenging. Many candidates did not refer to the components of the 

tension as required. Many referred to components of the weight or thought that the centripetal force 
was a third force acting, rather than the resultant of the tension and weight. A small number of 
candidates seemed to think the sphere was oscillating from side to side like a pendulum, rather 
than describing horizontal circles. The failure to realise the components of the tension at this stage 
often led to incorrect approaches to the numerical questions later on. 

 
(b) (i) Most candidates were able to use basic trigonometry to show the value of the radius of the circle. 
 
 (ii) This ‘show that’ question proved to be challenging as candidates found it difficult to resolve forces 

correctly here. Some candidates did not show what they were doing clearly enough, with a 
numerical value for the weight appearing without the evidence that it was from the multiplication of 
mass × gravitational field strength. 

 
 (iii) Candidates also found this question difficult. Most candidates tried to apply k = F / e but often did so 

incorrectly. The extra extension (10.8 cm – 8.5 cm) was not always used and the extra force 
(3.2 N – (0.29 × 9.81) N) was rarely used. 

 

Cambridge International Advanced Subsidiary and Advanced Level 
9702 Physics June 2023 

Principal Examiner Report for Teachers 
 

  © 2023 

(c) (i) Many candidates tried to apply the equations of circular motion here. Only the strongest candidates 
used F = ma and the horizontal component of the tension as F as necessary. 

 
 (ii) Candidates were more successful here, with many gaining credit. The use of circular motion 

equations, which many had unsuccessfully tried in (c)(i), was necessary here. 
 
Question 3 
 
(a) Candidates found it difficult to demonstrate a good understanding of thermal equilibrium. The idea 

that thermal energy would still transfer between the two objects, but that the resultant or net 
transfer was zero, was often not known. This was seen through the omission of the word ‘net’. In 
addition, some candidates did not clarify that the relevant energy was thermal energy. 

 
(b)  Candidates needed to refer to the information provided in the graphs. It was common for 

candidates to refer to the linearity of the relationship, or lack of linearity. Some candidates, 
however, stated that the relationship between density and temperature for mercury was 
proportional, which is incorrect. A small number of candidates correctly referred to state changes, 
but the evaporation of water was not appropriate here. 

 
(c) (i) The majority of candidates correctly stated the boiling temperature of the liquid. 
 
 (ii) This calculation proved to be challenging. Many candidates ignored the energy required to raise 

the temperature of the beaker. A large number of candidates who included the beaker began with 
the incorrect statement that the energy gained by the beaker was equal to the energy gained by the 
water. Some candidates calculated the change in temperature correctly as 55 °C but then 
converted this change into kelvin as if it were a Celsius temperature.  This is incorrect physics. 

 
(d) The general shape of the line was correct for most candidates here. Some details were often 

incorrect, including the approximate gradient of the first part of the line and starting the line from the 
same temperature. 

 
Question 4 
 
(a) The basic assumptions of the kinetic theory of gases are generally well known. Candidates 

sometimes referred to the volume of the gas rather than the volume of the particles. Others 
incorrectly referred to the volume of a single particle. 

 
(b) (i)  Most candidates started with the correct equation here. Some candidates then did not go on to use 

the conditions given in the question which included a pressure of 2p when the volume was V. 
Some candidates did not rearrange the starting equation to make T the subject when they had 
been asked to determine an expression for T. 

 
 (ii) There were many correct responses here, although the line drawn to join Z to X was often a 

straight line rather than a curve. Some candidates drew more than two dots and some did not add 
the lines. The lines were needed to show the variation of the pressure with the volume as required 
by the question. 

 
 (iii) Only the strongest candidates correctly completed this table in full. Many candidates found it 

difficult to correctly apply the first law of thermodynamics for the three changes. They often did not 
know where to begin on the table, which was by filling in the information for changes already given 
to them. The information for the remaining changes was deduced from these. Finally, some 
candidates used letters that were not appropriate, for example a Q to denote thermal energy and a 
single letter p, which was not an energy. 
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