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Introduction
   This is the second time that unit 5 of the new specifi cation has been examined. In common with the 
fi rst examination of this unit in the Summer 2010, this paper gave candidates the opportunity to 
demonstrate their understanding of a wide range of topics from the unit. All of the questions elicited 
responses across the range of marks, but the marks for Q15(b)(iii), Q17(e)(ii), and Q18(a) tended to be 
clustered at the lower end of the scale. 

   Once again, calculation and ‘show that’ questions gave candidates an opportunity to demonstrate 
their problem solving skills to good effect. In general, responses to such questions were well 
organised, calculations were accurate, and answers were given to an appropriate numbers of 
signifi cant fi gures. There were few unit errors, but there were examples of power of ten errors in 
questions such as Q17(d) and Q18(b)(iii).    As in the Summer 2010 examination, the most common 
way to lose marks in a calculation question seemed to be by failing to square, or raise quantities to 
a power of four as required in Q12(a), Q14(a)(i), and Q18(b)(iii).    Re-arrangement of equations was 
sometimes poorly attempted leading to marks being lost.    There were few examples of calculations 
where no working was shown, although a number of calculations had intermediate steps missing.    If 
the solution to a numerical calculation has essential steps missing then marks will be lost if the fi nal 
answer is incorrect. 

   It was pleasing to see that candidates were generally able to access the correct data and equations 
from the list provided. However, it was disappointing to see answers to Q11(a) in which 1/4πε 0  was 
used instead of the Boltzmann constant. 

   There were two question parts, for which it was clear that candidates need further guidance with the 
relevant specifi cation item.    Q14(b)    relates to specifi cation point 110, in which specifi c reference 
to kinetic and potential energy of molecules is made.    No knowledge of latent heat is required, and 
the idea of bonds between molecules being broken during the melting process, although commonly 
expressed by candidates, is inadequate as a description of the mechanism as defi ned in this 
specifi cation. 

   Q17(e)(ii) relates to specifi cation point 137, which refers to    a description of the process of nuclear 
fi ssion.    It is expected that candidates will know that a sustainable chain reaction can only occur if 
on average at least one neutron per fi ssion goes on to cause another fi ssion.    In addition, candidates 
should know that, if on average more than one neutron goes on to cause another fi ssion, the reaction 
would expand and quickly go out of control.    It is not expected that candidates will be familiar with 
the processes of moderation or control in a nuclear reactor. 

   Answers to questions requiring either description or explanation tended to be less clearly organised 
than answers to calculation questions. Although there were examples of some very good answers where 
candidates used high levels of physical terminology in well-sequenced and logical answers, it was 
disappointing to see that arguments were often poorly set out with incorrect use of physical terminology.   
 The use of bullet points to aid the clarity of a description or an explanation should be encouraged. 

   It is still clear that many candidates begin to answer the question before they have fully understood 
what the question is asking them to do.    This was particularly apparent in Q13(b) in which many 
candidates related frequency shifts to an expanding Universe rather than relating such shifts to the 
context given.    This was also the case in Q18(a), in which many candidates described a procedure 
completely unrelated to the experiment referred to in the question. 

   The space allowed for responses was usually suffi cient. However, candidates need to remember that 
the space provided does not have to be fi lled. If they either need more space or want to replace an 
answer with a different one, they should indicate clearly where that response is to be found (on a 
separate sheet of paper). 
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    Question 11 
   The “show that” calculation in part (a) was usually well done.    Perhaps due to the wording of 
the question, candidates chose either to work out a temperature of 870 K or a pressure of 12.4 
atmospheres.    Either method allowed full marks to be gained, although some candidates who worked 
out the pressure obtained an answer in Pa and then simply put this equal to 12 atmospheres.    To gain 
the fi nal mark via this route it was necessary to see the conversion from Pa to atmospheres (and a 
value of 12.4 atmospheres). 

   In part (b), m  ost candidates could explain on a molecular level the changes as the can is heated and 
the change of state occurs. Few could identify the difference between the can described in part (a) 
and the can in part (b) and just described the general effect of heating the can.     

   There were many good descriptions of pressure exerted in terms of atoms, although these did not gain 
credit.    Many candidates failed to score because they did not take into account the liquid at all and 
did not mention atoms / molecules gaining energy in their account.    At this level, it is expected that 
candidates will refer to atoms or molecules and not the more generic term particles. 

Examiner Comments

 In (a) the candidate has correctly calculated the temperature to 
at least 2 signifi cant fi gures. 
 In (b) the candidate has only referred to liquid becoming vapour. 

Examiner Tip

Always quote answers to “show that” 
questions to one more signifi cant fi gure 
than that given in the question.
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     Question 12 
   In part (a), the same common faults were seen as in previous exams e.g. directly comparing the 
distances, failing to square the distances even though the correct formula had been quoted, and 
calculating the ratio the wrong way round. 

   In part (b), m  ost could make a sensible comment on the ratio calculated in part (a) but too few could 
make a sensible physics based comment on interpreting the ratio. Too often answers referred to the 
radiation fl ux without indicating what this actually means.    Few candidates explained that fl ux is the 
energy per unit area.    Some candidates thought that the radiation fl ux was dangerous, hence the ratio 
should be as small as possible.    Others obtained a ratio that was larger than 1 in part (a), but then 
gave an answer to part (b) that assumed that the ratio was less than 1 (and vice versa). 

Examiner Comments

 In part (a) the calculation is clearly set out and the correct answer is obtained. 
 In part (b) there is a recognition that the radiation fl ux from the Sun on Mars is 
only half that on the Earth for the fi rst mark, but the answer just falls short of 
the second mark. 

Examiner Tip

 Make sure that you bring all relevant 
physics into any explanations that you 
give.  Be as specifi c as you can with 
any scientifi c terms that you use. 
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     Question 13(a) 
   Most candidates knew that standard candles are used to measure the distance of distant stars, but 
not all of these said that they had a fi xed luminosity. Some stronger candidates were able to explain 
how the distance could be worked out by measuring the energy fl ux and using the inverse square law. 
The lack of appreciation of the difference between the luminosity and the radiation fl ux when using 
standards candles mostly lead to explanations of how the luminosity can be measured. Quite often 
candidates simply explained why they would use this method to fi nd the distance over the parallax 
method. Lists of variables such as the distance, temperature, peak wavelength were often seen as 
quantities you could use the candles to fi nd. The fl ux equation was quoted in many answers with few 
candidates managing a correct explanation of what they would use it to fi nd. 

   

Examiner Comments

 The answer refers to measuring the fl ux of the star, using 
the inverse square law and hence calculating the distance.  
The candidate has missed out the most important feature 
of a standard candle - that it has a known luminosity. 

Examiner Tip

 Standard techniques, such as fi nding distances 
by using a standard candle, should be learnt 
so that they can be described quickly and 
clearly.  Bullet points can be a good way of 
making a sequence of events clear. 
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    Question 13(b) 
   Many candidates did not read the question carefully enough.    Most knew about the concept of red 
shift. However, they mostly failed to identify the contraction and the expansion of the star as the 
mechanism for the movement of the source.   Many answers just gave a general explanation of Doppler 
shift without mention of the source (or even in the context of expansion of the universe) or a link 
between movement and frequency change. 

 

 

Examiner Comments

 The answer refers to a change in frequency, rather than 
an increase or decrease. In addition, there is no specifi c 
reference to the expansion and contraction of the star. 

Examiner Tip

 When describing the Doppler effect, 
be sure to say whether the frequency 
increases or decreases when the source 
moves away (or towards) the observer. 
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   Question 14(a) 
   Most candidates produced good answers to part (a)(i) of this question and scored full marks.   The main 
problem for few candidates who did not get full marks was the use of an incorrect formula for area.   
 Some candidates tried to do a reverse calculation to show that ρ = 9130 kg m -3 .    This approach scored 
a maximum of 2 marks. 

   The calculation in 1 4(a)(ii)  was generally well done, although some candidates attempted a conversion 
to kelvin after the difference in temperature had been found. 

Examiner Comments

 In part (a)(i) the calculation for mass is done all in one go, although 
the substitutions are clear and the fi nal answer is correct. 
 In part (a)(ii) the calculation for the temperature change is not 
shown, but the answer is correct and full marks are scored. 
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     Question 14(b) 
   Many candidates seemed to have an understanding of what the molecules were doing in the heating 
and melting stages, but failed to score marks because they did not give a description in terms of 
kinetic and potential energy.   Many candidates who referred to an increase in kinetic energy during 
heating then just went on to talk about energy needed to break the bonds during melting, rather than 
an increase of potential energy.   In a signifi cant number of answers there was no clear link between 
the “before melting” and “during melting” stages in the answer. 

Examiner Comments

There is a reference to an increase in kinetic energy 
of the atoms, but we do not know at what stage in the 
heating process this occurs.  The reference to “breaking 
bonds” is not awarded a mark, as we needed a specifi c 
reference to kinetic or potential energy.

Examiner Tip

 If you are asked to describe or explain 
something under two different 
conditions, make sure that you make 
it clear which description/explanation 
relates to which set of conditions. 
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     Question 15(a) 
   Part  (a)(i)  was usually answered correctly. 

   In part (a)(aii), m  any candidates were able to equate the gravitational force to ω 2 r or v 2 /r, but those 
who started with g = GM/r 2  usually equated g to 9.81 N kg -1 .   Candidates gained the fi rst two marks 
were sometimes let down by poor algebra, failing to score the last two marks because of incorrect 
mathematical manipulation of the equation to make r the subject.   This was especially noticeable 
where they used v 2 /r as the centripetal acceleration and then did not cube r on rearranging. 

       

Examiner Comments

 In part (a)(i) the candidate has successfully shown the value given 
in the question. 
 In part (a)(ii) the answer starts well, meeting the fi rst two marking 
criteria.  However, the candidate forgets to square the angular 
velocity in the radius equation, and so the fi nal answer is incorrect. 

Examiner Tip

 Always check that you have carried out 
all of the mathermatical operations 
demanded by the equation. 
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Question 15(b)(i) 
   In part  (b)(i) m ost candidates were aware that the time period would increase and provided an 
acceptable reason for it to score both marks.    A few stated that the time period would increase, 
but were unable to explain this successfully in terms of w or v decreasing.    Some made reference 
to    Kepler's law, or the expression that they had derived in part (a)(ii). 

     Question 15(b)(ii) 
   This was a straightforward calculation, and the vast majority of candidates scored one mark. The 
mark was sometimes lost by converting the distance to metres, or by inverting the calculation. 

 

Examiner Comments

 The candidate starts with the wrong premise. The angular velocity 
does not remain the same, nor does the orbital time period. 
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    Question 15(b)(iii) 
   This was answered poorly, with many candidates only scoring the mark for realising that the moon 
was closer in the past.   The link to the gravitational force was expressed generally in many answers, 
and comments such as different from now rather than greater / stronger were often seen. References 
to different land mass confi gurations or water level differences causing differences in the tidal 
action were common.   Only a minority of candidates managed a quantitative discussion leading to a 
conclusion that the rate would have been higher.     

 

Examiner Comments

 There is no reference to the distance of the Moon from the Earth 
in this answer.  The candidate has not used the context of the 
previous parts of the question to bring some relevant physics into 
their answer. 

Examiner Tip

 Always begin any explanation from 
a consideration of the physics.  
In a question consisting of parts 
numbered (i), (ii), (iii) the parts will 
be referring to the same situation. 
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        Question 16(a) 
   In part (a)(i) most could apply the formula well, but only about half remembered to double the time 
to get the time period and so 16 Hz was a very frequent wrong answer. Candidates need to take more 
care in reading the question to ensure that they access the correct data for their calculations.  

   Part (a)(ii)    was well done.   A small number of candidates identifi ed the zero displacement point.   This 
was not awarded the mark, as it was not clear in such answers from which point displacement was 
being measured. 

   For part (a)(iii) a  nswers following the correct approach were quite common.  However, s ome included 
a trig factor and proceeded to use numbers that gave a trig value other than 1.   Failing to half the 
distance to obtain the correct amplitude value was also quite common.    A signifi cant group attempted 
to use speed = distance / time, completely ignoring the fact that this was simple harmonic motion. 
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Examiner Comments

 The frequency is calculated correctly (sweep time is doubled to 
obtain the time for one oscillation) and so part (i) scores 2 marks. 
 In (ii) the position at which maximum velocity occurs is clearly 
indicated (the diagram reinforces this). 
 Part (iii) looks promising, but the trig factor is incorrectly 
calculated and the fi nal answer is incorrect. 

Examiner Tip

 Always check the formula list to check 
for useful equations.  In this case the 
required equation for maximum velocity 
is provided, and so the candidate did 
not need to include the trig factor. 
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    Question 16(bi) 
   Most candidates seemed to know that during resonance, there is a large amount of energy transfer 
and or increase in amplitude, although in some answers the requirement that the resonant system be 
driven at its natural frequency was not clearly expressed.  

 

        

 

Examiner Comments

In this response the condition for resonance is given, but not the 
result of meeting this condition.

Examiner Tip

 Learn standard defi nitions in readiness 
for questions requiring them. 

Examiner Comments

 In this response the result of the condition for resonance 
being met is given, but not the condition itself. 
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     Question 17(a) 
   There were many good answers, and responses were regularly awarded two of the three marks, often 
for references to ionising power and β-radiation being able to penetrate the skin.   Comments on 
absorption by aluminium and the half life consideration often lacked suffi cient detail to award a mark. 

 

Examiner Comments

 This answer is only worth 2 marks, as the fi nal point made is not 
specifi c enough. We need to know that a few millimetres 
of aluminium will absorb the radiation. 

Examiner Tip

 Be as specifi c as possible when 
describing properties of materials - 
don’t assume that the Examiner will 
fi ll in the detail for you. 

Examiner Comments

 This is a poor answer, although the point that the 
activity of the source would hardly have changed in 
the 5 days is just about made. 

Examiner Tip

This answer consists of just one point.  The question has 
3 marks.  We would expect that three separate points 
 would need to be made for 3 marks to be awarded. 
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         Question 17(c)(i) 
   Although some good textbook descriptions were seen, there was confusion is some candidates' minds 
between random and spontaneous.   Radioactive decay is both random and spontaneous, but these are 
not the same and marks were not awarded for candidates who said that random decay meant that the 
nucleus would decay spontaneously. 

 

      

Examiner Comments

 This starts off looking promising, but only two creditable points are made - 
the moderate ionising power of beta radiation and the consequence that beta 
radiation can penetrate human skin. If more detail had been given on the effect 
of the steel container on the radiation another mark might have been awarded. 

Examiner Comments

 The use of “it” leaves us unsure as to what is going to 
decay. The caesium sample is decaying all the time.  A 
given caesium atom will decay at a time that we 
cannot predict.  In addition, this candidate thinks that 
spontaneous and random are the same thing. 

Examiner Tip

 Learn the precise meanings of technical words. 
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    Question 17(c)(ii-d) 
   In part (c)(ii), most candidates were able to calculate a correct value for the decay constant. A few 
candidates could not work out the number of seconds in a year. 

In part (d), most candidates knew the exponential equation for decay and were able to use this in 
conjunction with dN/dt = λN to obtain the correct answer. Some candidates substituted initial activity 
into the exponential equation in place of the initial number of unstable nuclei, and then thought that 
they had arrived at the fi nal answer.

    

 

Examiner Comments

Although the candidate has used the word spontaneous 
here, the idea that the decay of an individual atom or 
nucleus is unpredictable is communicated suffi ciently 
for 1 mark to be awarded.
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Examiner Comments

 Although the candidate omits the unit in part (c)(ii), this 
is still good for 2 marks as this is a “show” that question 
in which the units are given. 
 Part (d) has half of the calulation done correctly, although 
the number of atoms calculated is the initial value, rather 
than the the present day value. 

Examiner Tip

 Make a list of the data that you are given in a 
question, labelling each number with a standard 
symbol that represents what the data is. 
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Examiner Comments

 In part (c)(ii) the candidate has only given the fi nal 
answer to 1 signifi cant fi gure, and so only 1 mark 
is scored. 
 The calculation in part (d) is correct for full marks. 

Examiner Tip

 In “show that” questions always quote your fi nal 
answer to at least one more signifi cant fi gure 
than the value that you are given in the question. 
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    Question 17(e)(ii) 
   Although some good answers were seen, many answers here referred to neutrons causing energy 
release in general terms.    Although chain reaction regularly appeared in answers and there was often 
enough to justify the second mark, the fi rst marking point was rarely matched. 

 

Examiner Comments

 This answer communicates the idea of the fi ssion 
needing to be controlled, but says nothing about 
the condition for sustaining a chain reaction. 

Examiner Tip

 The answer gives just one point, but the 
question has 2 marks.  We need to see 
one point per mark in the answer. 
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    Question 18(a) 
   There were comparatively few candidates who worked out the principle of the experiment from the 
description given in the question and then went on to give the measurements needed for the method 
described.    Many candidates simply chose to describe the electrical heating method for measuring the 
specifi c heat capacity of a metal block.   Those that were based on the correct approach often lacked 
important detail, so could not be awarded the marks.   Candidates need to be aware of the need to give 
suffi cient detail when describing and explaining practical procedures. Most candidates were able to give 
a valid assumption, which could be credited even if they missed the point of the rest of the question.  

Examiner Comments

 The candidate has identifi ed the assumption that 
must be made, but the focus of the experiment is 
on the washers rather than the water. 

Examiner Tip

 A bullet list of the measurements required would 
have been a suitable way to answer this question. 
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       Question 18(b)(ii-iii) 
Part (b)(ii) was mostly well done, with candidates choosing either to show that the temperature was 
1450 K, or that λ max was 1.9 x 10-6 m.  A small number of candidates tried to demonstrate that the 
constant in Wien’s equation was 2.9 x 10-3 mK. This scored just 1 mark, for the use of the equation.

  

 

 

Examiner Comments

 In part (ii) the temperature is correctly shown to be 
about 15oo K. 
 In part (iii) the equation is wrongly quoted 
(temperature should be raised to the fourth power), 
and so the answer only gains credit for a correct 
substituion of the radius into the area expression. 

Examiner Tip

 Make sure that you check the formula list 
for the exact form of the equation that 
you are using. 
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Examiner Comments

 In (b)(ii) the candidate has correctly chosen to show that 
the peak wavelength is about 2 m m. This scores 2 marks. 
 In part (b)(iii) the equation is wrongly quoted, but the 
radius is correctly substituted into the area formula (a 
correct answer is obtained), and so 1 mark is awarded. 

Examiner Tip

 Check the formula list carefully for the 
correct formula. 
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   Question 18(b)(iv) 
   Answer to this part indicated that the graph is not as well known as it should be. A large number of 
answers showed the peak too low, or shifted in the wrong direction, or both. 

Examiner Comments

 This is a good graph, scoring full marks. However, the peak 
is only shifted slightly to the left and so careful inspection 
was needed to decide if both marking criteria were met. 

Examiner Tip

 If you have to re-draw a graph, make sure that 
all important features are clearly marked. 

Examiner Comments

 This graph is clear, with the higher temperature curve 
being labelled.  This identifi es it unambiguously. 
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