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Introduction
The paper gave candidates the opportunity to demonstrate their understanding of a wide 
range of topics from this unit, with all of the questions eliciting responses across the range 
of marks. However, marks for Q14, Q16b, Q16c, Q17a, Q17b, Q17d and Q18a(iv) tended to 
be clustered at the lower end of the scale.

Calculation and ‘show that’ questions gave candidates an opportunity to demonstrate 
their problem-solving skills to good effect. Some very good responses were seen for such 
questions, although some candidates have difficulty in appreciating the magnitudes that 
they calculate, accepting their answer irrespective of whether or not it is sensible. In Q12a, 
answers ranging from a few milliseconds through to17 million years were an indication of 
this. Similarly in Q13, values of 10-12 K for the surface temperature of a star and  10-11 m for 
the radius of a star indicate a lack of appreciation of the scale of things.

Most candidates understood the convention that in a “show that” question it is necessary 
to give the final answer to at least one more significant figure than the value quoted in the 
question. 

Occasionally in calculation questions the final mark was lost due to an incorrect or missing 
unit, as in Q13, where some candidates gave the ratio a unit of m. More common than 
this was the unnecessary conversion of units. This was apparent in Q12a, in which many 
candidates converted the half life in seconds to calculate a value for the decay constant in 
s-1. They then worked out a value for the age of the sample in seconds and had to convert 
this back into years.  In a similar vein, in Q16a, a number of candidates worked out the age 
of the universe in seconds and then converted it into years, even though the unit in which 
age was to be calculated was not specified. Such unnecessary conversions can sometimes 
lead to marks being lost as arithmetic errors often creep in.

As is often the case, candidates disadvantaged themselves by not actually answering 
the question, or in not expressing themselves using suitably precise language. This was 
particularly the case in extended answer questions such as Q14 Q16b and Q16c, where 
many candidates gave an answer to a question that had not actually been asked.  In 
Q15, candidates were often imprecise in their definitions of simple harmonic motion, and 
incomplete in their descriptions of damping and resonance. Candidates could most improve 
by ensuring that they understand all aspects in sufficient detail and always use appropriate 
specialist terminology when giving descriptive answers.  Reading the question carefully 
before attempting an answer is also to be recommended.

Questions requiring a discussion or a comparison to be made are common at this level. In 
Q17a, candidates were given a quotation from a paper by Arthur C. Clarke. Perhaps because 
they thought that the author could not make such a fundamental error, or perhaps because 
their own understanding of circular motion was quite insecure, many candidates accepted 
the idea of “centrifugal force” without question, as well as the erroneous assertion that 
circular motion is an example of balanced forces.

In some descriptive questions it is possible to gain credit for a reference to an appropriate 
equation e.g. the radiant flux equation in Q14 and the Doppler shift equation in Q16b. In 
such cases it is expected that the equation will either be given as a word equation or that 
every symbol in the equation is defined.

References to energy transfer can be problematic at this level. Candidates are prone to 
describe energy as being “lost”, or to describe an energy transfer in the vaguest of terms.  
In situations where energy appears to be lost, candidates should be encouraged to think 
about the mechanism that allows energy transfer to occur, and to describe the transfer in as 
much detail as possible.
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The space allowed for responses was usually sufficient. If candidates 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. It should be borne in mind that that the space provided does 
not have to be filled, nor is a response complete once the space has been filled. Candidates 
should be encouraged to look at the number of marks available for a question, and to 
formulate an answer with this in mind. For example, Q16b is worth 5 marks so candidates 
should realise that they should make at least 5 relevant statements. 

The response to the multiple-choice questions was generally good, with 8 of the 10 
questions having a correct response rate of much more than half, and only 1 question with a 
correct response rate of less than half.

Q6 tested understanding of the term “spontaneous” as applied to radioactive decay. Perhaps 
because the words “random” and “spontaneous” often occur together in descriptions of 
radioactive decay, many candidates selected answer key B (“random”) as the correct 
response.  The correct answer key is A (“nothing can influence the decay”). It may be useful 
to reinforce the meanings of these two terms when teaching radioactivity.
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Question 11 (a)

This was answered well, with most candidates thinking about the conditions inside the 
container. A small number of responses referred to the control of external conditions, and 
some candidates seemed to be unsure of the meaning of controlling a variable. This might 
explain the relatively large number of responses in which temperature was identified as a 
control variable. Similarly, experimenting on an ideal gas was chosen by some candidates as 
a control feature.

Some answers were quite vague e.g. a simple statement of “mass” rather than “mass of 
gas” , was not sufficient for a mark to be awarded.

“mass of the gas molecules” is not a correct response.

1 mark

Examiner Comments

Use technical language carefully.

Examiner Tip

Temperature is the independent variable, 
not a control variable.

1 mark

Examiner Comments

Know the meanings of the terms 
“independent variable”, “dependent 
variable”, “control variable” and be 
able to identify these variables in an 
experimental situation.

Examiner Tip
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Question 11 (b)

Many candidates missed the point of the question and only wrote about the conditions at 
absolute zero, e.g. there were many instances of candidates referring to absolute zero as 
the temperature where molecular KE fell to zero. However, the question required a reference 
to the graph, and hence candidates needed to express the idea that extending the line 
backwards would indicate zero volume at this temperature. 

A few candidates described finding the x-intercept by correctly calculating the gradient. 
However, vague references to y = mx + c were treated as insufficient, because this would 
not on its own lead to an x-intercept.

The response does not make it clear that at the absolute 
zero of temperature the volume occupied would be zero.

1 mark

Examiner Comments
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There is little in this response that indicates that the line 
should be extrapolated backwards, to locate a temperature 
at which the volume occupied would be zero.

0 marks

Examiner Comments
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Question 12 (a)

Although exponential decay equations can be a difficult mathematical challenge, this 
question was generally done well. The vast majority of candidates were able to calculate a 
value for the decay constant, although some candidates did not think through the units and 
hence wasted time by changing the half-life to seconds (or minutes), only to have to change 
the final answer back to years. Sometimes, this final conversion was done incorrectly, and 
hence the final mark was not awarded. A small number of candidates were careless and 
interchanged A and Ao in the formula A = Ao e

-λt.  Although this led to the correct magnitude 
of the time, it demonstrated a lack of understanding of the physical situation and hence full 
credit was not gained in such cases.

Initial and present activities of the 
sample have been mixed up.

2 marks

Examiner Comments
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The calculation is worked through correctly. However, the 
conversion of half-life from years to seconds means that the 
age has to be converted from seconds to years at the end.

4 marks

Examiner Comments

Always check that quantities are 
expressed in appropriate units before 
you substitute into equations. These 
may not always be the usual SI units.

Examiner Tip
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Question 12 (b)

This was a more challenging question for most candidates, since it needed an ability 
to explain, rather than just calculate. In many responses, much more clarity was 
needed, because candidates’ statements concerning “how this would affect the age you 
have calculated” could often be ambiguous.

Those who commented on the age successfully often failed to explain that the initial activity 
was less. Typically, they often repeated the stem of the question and commented on the 
concentration. 

A few candidates interpreted the change in concentration in the past as affecting the 
value of activity, A, in the present sample, whilst others stated that having an increased 
concentration in the past would also increase the value of the decay constant.  

The phrase the ratio of C-14 to C-12 would have 
been greater in the past is just a re-statement of 
the information given in the question. 

1 mark

Examiner Comments

Do not just repeat what the question tells 
you - you have to interpret this information.

Examiner Tip

This response restates information about the 
concentration and expresses the conclusion so 
poorly that it is difficult to know if the candidate 
has under-estimated or over-estimated the age 
of the sample.

0 marks

Examiner Comments

Read through your answers to ensure that 
what you have written makes sense.

Examiner Tip
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Question 13

There were many correct answers with the formulae used appropriately. Almost everyone 
used Wien’s displacement law correctly to work out the temperature. 

Common errors in the calculation for rB were to use T instead of T4 or to misquote (or even 
omit) a value for σ. Some candidates substituted into the correct equation, but then forgot 
to raise the substituted temperature to the power of 4 when performing the calculation.

Some candidates did not use the fourth power -  perhaps teachers need to give students 
more practice in this unusual power relationship.

The candidate has made an arithmetic error, 
calculating the radius of Betelgeuse to be a 
tiny fraction of a nuclear diameter!

3 marks

Examiner Comments

Check your answers for obvious mistakes. Does 
your calculated value fall within a reasonable 
range for the quantity you are finding?

Examiner Tip
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Although the temperature has been correctly worked 
out, when substituting this value into the Stefan’s law 
equation, the power of 4 is missing. Hence there are 
no marks for the second part of the question here.

2 marks

Examiner Comments

Take care when substituting 
numbers into equations - be sure 
to look for powers and roots.

Examiner Tip
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Question 14

This question was generally poorly-answered. 

A large number of answers were written in terms of finding the distance to a star by 
comparing it to the standard candle, rather than describing how the distance to a given 
standard candle is determined.  

A number of candidates thought that they had to describe how the luminosity of the 
standard candle would be determined from variations in the brightness of the candle, even 
though this does not appear in the specification and was not implied in the wording of the 
question. Most candidates knew that standard candles had a known luminosity, but many 
did not say that the flux (or brightness) of the standard candle must be measured on Earth 
for a comparison to be made. References to the inverse square law or the formula F= L/4πd2 
were common, although many did not say that the distance was calculated nor did they say 
that the distance was to the standard candle.

In the final part of the question, the most common mistake was to confuse brightness 
with luminosity. Hence many incorrect answers stated that the luminosity of Cepheid was 
reduced. Most candidates correctly deduced that the Cepheid would appear further away, 
although some thought that it would appear to be nearer.

This response indicates a misunderstanding  
of the ways in which standard candles are 
used. In addition, there is only a vague 
description of the effects of the dust cloud.

2 marks

Examiner Comments

When asked to say what will happen if 
something is changed, be sure to indicate if 
a value will increase or decrease, rather than 
just saying that it will change.

Examiner Tip
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Although this is a very brief response it hits most of 
the marking points.  The need to measure the flux 
at the Earth is not specified, and the equation for 
radiation flux is not defined at all.

4 marks

Examiner Comments

Always remember to define the 
meanings of symbols that you 
use in an answer.

Examiner Tip
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Question 15 (a) (i)

The most common error was failing to find T and using value of 10T instead. 

Some candidates assumed that the time of 6.2 s was an outlier, and then found an average 
with the 2 remaining times.

The calculated value for frequency is 10 times too 
small, because 10T has been used instead of T.

2 marks

Examiner Comments
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Question 15 (a) (ii)

Some candidates scored full marks here, although a significant number did not receive the 
mark for displacement .  They did not specify that it was measured from the equilibrium 
position. When candidates did attempt to relate displacement to the equilibrium position, 
they sometimes referred simply to equilibrium.  Some candidates gave a formula but did not 
explain the symbols and so scored zero marks.

Statements such as time period is independent of amplitude and follows a sine curve are 
observations, not definitions.  

Some candidates referred to a fixed position, instead of the equilibrium/centre/rest position. 
In the context of a fully-expressed definition this can be acceptable. However, candidates 
were often not doing this and so the words fixed point really did not specify enough about 
the situation.

In a definition of simple harmonic motion, it is recommended that candidates refer to 
'equilibrium position' with 'centre position' or 'rest position' being acceptable alternatives.

The candidate has left their value for the 
frequency as a quotient, and so the mark 
for the final answer is not awarded.

2 marks

Examiner Comments

Always work out final answer values fully.

Examiner Tip

The displacement is not specified as being 
measured from the equilibrium point.

1 mark

Examiner Comments
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Question 15 (b)

The term damping was frequently seen but with no specific reference to what had been 
damped. In referring to the energy transfer, the idea that 'energy is lost' was often seen. 
When trying to express the idea that energy leaves the system, candidates often described 
the energy transfers within the system with no reference to the surroundings e.g. kinetic 
energy transfers to the internal energy of the wings.

Distance of the oscillator from equilibrium is too vague.

0 marks

Examiner Comments

Use technical language carefully in 
answering questions such as this.

Examiner Tip

This response comes close with frictional force, 
but at this level the candidate should really be 
referring to ‘drag or ‘air resistance’. There is 
no reference to energy transfer here.

0 marks

Examiner Comments

Be specific and use correct 
technical terms wherever possible.

Examiner Tip
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Question 15 (c)

The vast majority of candidates was able to name resonance as the phenomenon. The most 
common incorrect response for the second marking point was to omit any reference to the 
system being forced or driven.

There is no specific reference to the air 
molecules driving the wings into oscillation.

1 mark

Examiner Comments

Although the idea of the breeze forcing 
the wings is clear, it is unclear as to 
whether this is at the natural frequency of 
the breeze or the wings.

1 mark

Examiner Comments

Learn the conditions for effects 
such as s.h.m., resonance etc.

Examiner Tip
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Question 16 (a)

Most candidates worked through this question with a good understanding of the principles 
involved. A minority made an error with powers of 10, so did not get the correct final 
answer.

The minimalist grid provided meant that candidates’ values for the gradient were accepted 
over quite a wide range. Nonetheless, a large number of candidates did not draw lines that 
were even approximately parallel to the axes.

Surprisingly, given that a trend line had been drawn, some candidates chose to use values 
of d and v from a point off the line.

Having worked out the gradient and identified the Hubble constant correctly, some 
candidates then quoted the value of the Hubble constant as the age of the universe, despite 
its inappropriate magnitude. 

A minority wasted time changing time in years to seconds and then back again.
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The candidate has made a power of 10 error in 
reading values from the graph, and so the final 
answer is 100 times too big.  In addition, the 
units quoted appear to be s-1 rather than s.

3 marks

Examiner Comments

Always check units for quantities that 
you calculate. Know the standard SI 
units for all commonly-met quantities.

Examiner Tip
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Question 16 (b)

This was a poorly-answered question, with many candidates describing inappropriate 
methods of measuring distances to galaxies. Perhaps getting carried away by part (a), some 
candidates thought that Hubble’s law would be a suitable method. 

References to using trigonometric parallax for finding the distance appeared more often 
than might have been expected.

Of those candidates who tried to describe a Doppler shift method, essential detail was often 
missing from their description.

Very few candidates referred to spectral lines and the idea of measuring the observed 
wavelength was often missing. Equations were often quoted, but not explained, with 
candidates either not defining the symbols of a Doppler equation or not writing a word 
equation.

Some candidates’ understanding of how D l is found was very weak. There were a few 
suggestions that the wavelength received from the galaxy might be measured at two 
different times and then the difference between the wavelengths subtracted. There were 
even suggestions that radiation of a known wavelength is transmitted to the galaxy and 
then the radiation that is reflected back from the galaxy is measured.

The detail given in this response is 
minimal. The identification of redshift is 
the only aspect to receive credit.

1 mark

Examiner Comments
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The use of an equation, but without any symbols 
being defined, does not add any credit to this 
response.  Again, the idea of redshift is the 
only part of the response that can be given a mark.

1 mark

Examiner Comments

When outlining a process you need 
to be clear what is happening at each 
stage. A bulleted list is often helpful.

Examiner Tip
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Question 16 (c)

Surprisingly many candidates’ responses simply described the 3 taught models for the fate 
of the universe, and hence failed to answer the question. A few students gained marks 
about the uncertainty in the value of the Hubble constant and the difficulty of determining 
distances to distant galaxies accurately.

Most students achieved two marks by explaining that the density is uncertain because 
the amount of dark matter is unknown. Responses worthy of full marks were seen only 
rarely. References to dark energy were seen, but these were often linked with dark matter, 
rather than leading to a separate discussion about the repulsive force produced by it.

This response is typical of many, in that 
the focus is on the uncertainty rather 
than the reasons for the uncertainty.

0 marks

Examiner Comments

Make sure that you answer the question 
asked, rather than what you think is 
being asked. Careful reading of the 
question is needed.

Examiner Tip
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Question 17 (a)

Candidates found this question very difficult; perhaps because they are unused to being 
critical of a scientific argument. The question also highlighted how poorly many candidates 
understand circular motion.  

The first marking point was generally gained  Some candidates lost this mark because 
although they said that gravitational force decreases with height, they omitted to say what 
the gravitational force acts on.

It was surprising to see how infrequently the concept of a centrifugal force was refuted by 
candidates. 

A significant number of candidates was quite happy to discuss centrifugal and centripetal 
forces as if these were equal. Indeed, some candidates linked the two terms as elements of 
a Newton’s 3rd law pair. Of those gaining the second marking point, the idea that 'centrifugal' 
was incorrect was often implied by use of 'centripetal', rather than being clearly stated. 

Very few students noticed the problem with balanced forces. Most candidates failed to 
appreciate that circular motion is accelerated motion and hence the forces acting on the 
satellite cannot be in balance.

This is a typical good answer to this question. There is a 
reference to dark energy in addition to dark matter, but the two 
are just linked together as being part of the same phenomenon.

2 marks

Examiner Comments
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This is quite a good response. The 
candidate has explained clearly why 
gravity can be said to be diminishing, 
and they have replaced “centrifugal” 
with “centripetal”. However, they seem 
to believe that the satellite is in balance 
(despite the fact that we know that its 
velocity is changing).

2 marks

Examiner Comments

Always base your explanations on physical 
principles. Circular motion is an example of 
a resultant force causing an acceleration.

Examiner Tip
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Question 17 (b)

This was generally well-answered, although a small number of candidates did not appreciate 
the requirement to derive the expression. 

Those candidates who did not know where to begin with either part of this question wrote 
down a variety of expressions which led nowhere.

In part (i), some candidates interpreted orbital speed as angular velocity.

Of those candidates who succeeded with the derivation, many stopped at the equation 
and did not make the final jump from the equation to the statement that as the radius 
decreases, the velocity increases.

This response is typical of that of many candidates 
who were unable to select appropriate equations.

0 marks

Examiner Comments
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Question 17 (c)

The most common error was failing to add the Earth’s radius to satellite’s altitude, although 
some forgot to add the satellite’s altitude to the Earth’s radius. Common arithmetic errors 
included forgetting to cube r and forgetting to take the square root.

The candidate has subtracted, rather than added, the altitude 
to the radius of the Earth. Nonetheless, they gain a mark for 
substituting physically correct quantities into the equation.

1 mark

Examiner Comments
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Question 17 (d)

This question was poorly-done, with most candidates attempting to explain the transfer of 
GPE to KE, but very few making correct reference to the transfer of energy into thermal 
energy.

Many omitted to qualify the potential energy as “gravitational” and if thermal energy was 
mentioned, the source of it, or mechanism by which it arose, was not specific enough to 
award the second mark. 

Some candidates did not read the question properly and wrote about forces rather than 
energy.

The candidate has concentrated on forces, rather than 
referring to energy. The reference to kinetic energy 
decreasing is based on the candidate’s assumption that 
the satellite is slowing down, even though the question 
says that the satellite speeds up.

0 marks

Examiner Comments

Try to relate questions to 
relevant theory.

Examiner Tip
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Question 18 (a) (i)

As is to be expected, this question was well-answered by the vast majority of 
candidates. However, there were some candidates who thought that protons had a proton 
number of 0. In addition, some candidates tried to balance the equation with two protons 
rather than one.

Although the equation has been balanced, the 
proton has been given a proton number of zero.

0 marks

Examiner Comments
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Question 18 (a) (ii)

A significant number of candidates wrote about mass deficit or binding energy. Some tried 
to relate their responses to Einstein’s equation. Others commented that the energy released 
was already a large amount. The most common way to gain the mark was by making a 
correct statement about a chain reaction and large amount of energy.

Again the equation is balanced, this 
time with two protons.

0 marks

Examiner Comments

The candidate refers to nuclear fission, but 
there is no mention of a chain reaction.

0 marks

Examiner Comments
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Question 18 (b)

A large majority of candidates achieved full marks for this question. Some had difficulty with 
the mass deficit calculation so did not get the final mark, due to a wrong energy value. A 
common mistake was to think that masses were given in u and not kg.

In this response there is a reference to 
a chain reaction, but not to fission.

Examiner Comments

Make sure that all essential detail is 
included in your answer. Check your answer 
against the wording of the question to 
ensure that key points are covered.

1 mark

Examiner Tip

The mass difference has been calculated 
incorrectly, and the conversion from J to 
eV is performed incorrectly.  However, the 
response gains marks for an attempt at 
a mass difference and use of the Einstein 
mass-energy equation.

2 marks

Examiner Comments

Always complete calculations fully – particularly 
in a “show that” question.

Examiner Tip
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Question 18 (c) (i)

This question was well-answered by most, although candidates lost marks by referring to 
labels such as atomic number, mass number, proton number etc. rather than describing the 
constituents of the nucleus.

Question 18 (c) (ii)

Although quite a straightforward calculation, a variety of errors was seen. These ranged 
from miscalculation of ω (often through the omission of p), forgetting to square ω, through 
to arithmetic errors from poor calculator use. A common reason for not obtaining a correct 
value for the final answer was by forgetting to halve the diameter to obtain the radius.

This answer scores zero as it tells us 
nothing about the nuclei.

0 marks

Examiner Comments

Know and use technical words correctly.

Examiner Tip

The diameter has been used 
instead of the radius.

1 mark

Examiner Comments

Check that you have carried out all of the 
numerical processes that the equation demands.

Examiner Tip
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Question 18 (c) (iii)

Several candidates described the properties without naming them. The most common wrong 
responses were 'tough', 'hard' and 'ductile'. 

Many had not realised that this was not part of the reactor and assumed that it would have 
to have a high melting-point as well.

The angular frequency has been incorrectly 
calculated, because frequency has been used 
instead of time period in ω = 2p/T.

0 marks

Examiner Comments

Always use standard symbols in 
equations.

Examiner Tip

Should be able to withstand the centripetal 
force is insufficient for ‘strong’. The reference 
to stability is not relevant, because the 
question asks for mechanical properties.

0 marks

Examiner Comments

Answer the question.  If 
2 mechanical properties 
are required, then state 2 
mechanical properties.

Examiner Tip
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Question 18 (d)

Most candidates carried out the 'show that' correctly, with only a very small number failing 
to give the answer to more than 1 significant figure. However, most candidates had not fully 
understood the energy values given and thought that the total power produced was 3,100 
MW (instead of 5,300 MW). Hence the most common value seen for the efficiency was 71% 
instead of 42%.

It was acceptable for candidates to assume that t = 1 s 
and calculate an energy. This candidate has not calculated 
the energy (they have written down the ‘show that’ 
value). With an energy value of 3.1 × 109 J and an 
efficiency of 73% this candidate would have scored 3 
marks. However, the lack of evidence of a calculation in 
the ‘show that’ brings the score down to 2 marks.

2 marks

Examiner Comments

Always complete calculations 
fully - particularly in a ‘show 
that’ question.

Examiner Tip
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Summary

Based on their performance on this paper, candidates are offered the following advice:

•	 Ensure that you have a thorough knowledge of the physics for this unit

•	 Read the question and answer what is asked

•	 For descriptive questions, make a note of the marks and include that number of different 
physics points

•	 Show all of your workings in calculations

•	 For descriptive questions, try to base the answer around a specific equation, which is 
quoted.

Grade Boundaries
Grade boundaries for this, and all other papers, can be found on the website on this link:

http://www.edexcel.com/iwantto/Pages/grade-boundaries.aspx
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