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Introduction

The assessment structure of WPHO5 mirrors that of other units in the specification. It consists of 10
multiple choice questions, a number of short answer questions and some longer, less structured
questions. As an A2 assessment unit, synoptic elements are incorporated into this paper. There is
overlap with circular motion and exponential variation in Unit 4, but also overlap with some of the
AS content from Units 1 and 2.

This 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 Q18(b)(i) and Q18(c) 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, with
accurate solutions which were clearly set out. Occasionally in calculation questions the final mark
was lost due to a missing unit. Candidates understood the convention that in the 'show that'
questions it was necessary to give the final answer to at least one more significant figure than the
value quoted in the question. Not all candidates recognised the importance of showing all stages in
their working in this type of question.

Once again there were examples of candidates disadvantaging themselves by not actually
answering the question, or by not expressing themselves using suitably precise language. This was
particularly the case in extended answer questions such as Q12, Q13(b), Q18(b)(i) and Q18(c) where
candidates sometimes had knowledge of the topic, but could not express it accurately and
succinctly. Candidates could most improve by ensuring they describe all aspects in sufficient detail
and always use appropriate specialist terminology when giving descriptive answers.

The space allowed for responses was sufficient for almost all candidates. Candidates should be
encouraged to consider the number of marks available for a question, and to use this to inform
their response. 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.

The response to the multiple choice questions was acceptable, with 9 of the questions having 50%
or more correct answers. In order of highest percentage correct they were Q08 (98%), Q03 (90%),
Q02 (79%), Q07 (76%), Q04 (68%), Q05 (64%), Q10 (58%), Q01 (55%), Q06 (54%) and Q09 (39%). A few
candidates omitted to answer all 10 questions. Since there is no penalty for an incorrect answer,
candidates should be encouraged to attempt all questions.

There was some evidence of candidates learning previous schemes in the expectation of earning
marks but less so than in previous exam series. Candidates should be encouraged to work with
mark schemes in preparation for their exam. However, it is important that they understand that
mark schemes are written for examiners, and so sometimes refer to what examiners expect to see
rather than giving a complete answer.
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Question 11 (a)

Almost all candidates were able to use both equations successfully, scoring at least 2 of the 3
marks. A common mistake was to overlook that there were 44 people in the carriage, not just 1.

A small minority are muddled about the use of Celsius and Kelvin temperatures. Some of these do
not realise that because the size of a degree is the same on both scales, a temperature difference is
the same whichever scale is used and therefore there is no need to convert before subtracting.
There were a few that calculated the temperature difference correctly, but then attempted to
convert to Kelvin by adding 273.

E‘ hol\g

Time taken = ... 25"]‘5 R

ﬂ/z ResultsPlus
Examiner Comments

This is an example of a response that scores all

3 marks. The working has been clearly set out. We
can see that the energy required for this
temperature rise has been calculated using the
specific heat capacity. The total power for all 44
people has been found and this value substituted
into the power equation. The final answer is
correct and the unit included.
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ResultsPlus
Examiner Comments

This candidate has unnecessarily changed the two
Celsius temperatures to Kelvin before calculating
the temperature difference. The calculation has
been done correctly and full marks are scored.

“ ResultsP
Examiner Tip

When doing a calculation using specific heat
capacity it is not necessary to change
temperatures to Kelvin.
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= N0x720x(28-10)

e
a- 504 % |0

Time taken = 1'1)(’0'15

ResultsPlus

Examiner Comments

This candidate has not taken the 44 people into
account and so has an incorrect time as their
answer. The first two marks have been scored.

ResultsPlus
Examiner Tip

Make sure that you include all relevant data from
the question in your calculation.
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Question 11 (b)

This question requires a response that shows a greater understanding of the physics of this
particular situation than the typical 'energy lost to the surroundings' answer. The question has
already asked candidates to calculate how long it takes the energy from the people to raise the
temperature of the air by 12°C and the air is part of the surroundings. We are looking for an answer
that makes it clear that some of the energy emitted by the people is heating the seats, windows,
wall etc of the carriage itself. In other words we wanted to see a named place where the energy was
going rather than the air. Despite the question telling them that the doors and windows were
closed we would have given credit to candidates who told us that warm air escaped. Unfortunately,
those who attempted this argument usually failed to tell us that the escaping air was warm, or
above its initial temperature.

.Lhildren on boand. may. Alcsipate  themal. enengy at 4 lowen rate, So.... .

Lo\ 84 passenge vs. may. het have o yate of 25 w. Feskead—trmmghe . .
Wk e ain m wold fivs be heated vp. .at-a S0WA VAR oo

N
<o D
\\/\\ Resultslus
Examiner Comments

This is an example of a response that has focused
on the fact that not all the people in the carriage
will heat the air at the same rate. Whilst this is a
correct statement, the question says that 85 W is
the average rate so the comment is not relevant
and no credit is given.

N\
\

\ ResultsPlus

Examiner Tip

Take careful note of all the information given in the
question.
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Question 12

It was clear that many candidates could link the ultimate fate of the universe to its density and how
the value of the density compares with the critical density. Many were also able to link an absence
of dark matter to a reduced value of the density of the universe. Expressing these ideas with
sufficient clarity and drawing the correct conclusion that the universe may continue to expand
forever was more challenging. It did not occur to some candidates that it was necessary to identify
that dark matter has mass and so the first mark could not be awarded.

The mention of dark matter in the question encouraged some candidates to include additional
material that the question did not require about dark matter not interacting via electromagnetic

radiation. Others tried to discuss the role of dark energy rather than dark matter. A knowledge of
dark energy is not required by the specification.

If there is ne. dark metter., that means. the ...
mass. of te.. \uwniverge.....is..less. .. . than. lnitalhy. .o
theugh k. -—‘H"‘ﬁdﬂhmﬁ OF Hee  wniverse. will. be Jess . ..
IE e clen@ity. 05 Mg .  thewn. tue. ribiced. density.s...

the. Mmiveyse 15 ..éan. @pén. mniverse. .and. Wb l) o

Rl o RNV I =T . 74~ % = A

ResultsPlus

Examiner Comments

A succinct, very clearly expressed answer that has
all the points we are looking for.
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12 Most scientists believe that dark matter is spread throughout the whole universe.
Recent observations indicate that there may be galaxies in which there is no dark matter.

Discuss how the absence of dark matter in parts of the universe might affect the ultimate
fate of the universe.
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(Total for Question 12 = 4 marks)

ResultsPlus

Examiner Comments

An example of a well constructed but lengthier
response that scores all the marks.
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ResultsPlus

Examiner Comments

The candidate's first statement is incorrect and
shows muddled understanding. However, the
second sentence is well expressed and scores both
the third and fourth marks. The candidate stated
that "the density of the universe is equal to the
critical density" and the response continued to tell
us about the fate if the density is equal to or
greater than the critical density. This adds nothing
to the answer and no more marks can be awarded.
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Question 13 (a) (i)

Almost all candidates realised that the air in the tyre could be treated as an ideal gas and hence the
ideal gas equation could be used. They have used this sufficiently often that they could begin with a
statement that p/T is constant without deriving the expression. This is acceptable, as is a statement
that p,/T; = p,/T,.

The most common error was a failure to convert the initial temperature to Kelvin. These candidates
could only be awarded the first marking point. Candidates should be encouraged to notice that
when the symbol used for temperature is T, this represents a Kelvin temperature and applies in all
calculations involving ideal gases.

There were a few candidates that started with pressure proportional to temperature which is
incorrect physics. These responses could only be awarded the second mark for converting the
temperature to Kelvin.

(a) (i) Calculate the temperature of the air in the tyre at the end of the race.
3

T,TS:'):
= S50 —?S,goms: R

Lo Ms L T
| Temperature of air = Q_quK

&

[

N
N / ResultsPlus

| /<= Examiner Comments

A clearly set out solution starting from

p+/T, = p,/T, that shows the correct substitution of
the two pressures and the initial temperature
which has been converted to Kelvin. The candidate
has rearranged the equation in their head and
used their calculator to reach the answer which
has been given the correct unit.

Note that the result of this calculation, as displayed
on the calculator would be 299.275362..... and
therefore this candidate should have written their
4 significant figure answer as 299.3 K. We generally
award the final mark in a calculation if the
candidate's value rounds to the value in the mark
scheme, as this does.
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This response is an example of the most common error for this calculation.

€. %
Y

B SR XI0T e GO N
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' N2.2...58:60 x0° x92 . 99.

Temperature of air =

L89.3'¢

ResultsPlus

Examiner Comments

In this solution the candidate has forgotten that
they need to convert the initial air temperature
from Celsius to Kelvin. We award the first mark for
substituting values into p,/T; = p,/T, but no more
marks can be awarded.
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Question 13 (a) (ii)

A significant number of candidates didn't realise that the information at the beginning of Q13 still
applied. In other words, that the pressure at the end of the bicycle race was 5.52 x10° Pa just as it
was for part (i). The candidates that had understood the question usually realised that the only
variables were N and p. They were able to make a logical argument using the ideal gas equation to
reach the conclusion that the result of the calculation would be that the temperature would

be greater.

The most common mistake was to say that since air had escaped, the pressure in the tyre would be
less and so the temperature would be less.

(i) During the race, a small amount of air escapes from the tyre.

Explain how the value of the temperature calculated in (i) would be affected if
allowance were made for this escaped air. i
iV (2)

A e e e R R nekefes  fina
| Nvlf[*w““wﬂm?ﬁwmw*“ B

oy T

ResultsPlus

Examiner Comments

This candidate has identified that the number of
air molecules decreases and has then used their
knowledge of the ideal gas equation in order to say
that the number of molecules is inversely
proportional to the temperature. This is sufficient
to be awarded the first mark. They have also
drawn the correct conclusion, that the
temperature would be higher, and hence are also
awarded the second mark.
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Examiner Comments

In this response the ideal gas equation has been
rearranged to make temperature the subject of the
equation. This is then used to justify the statement
that the temperature will be higher as the number
of particles decreases. This is sufficient to be
awarded both marks.

by...gas. ab . Mok kewperhire .. ic.. dacreasl ... So. bo. veath. . e samte ...

. pressu. . .wr.'i&......fcti.......m!e..mfc.&.........q..........}atakr.....hmﬂmlmt...ﬁ....med-d_.._ S
of lyre @i

L B S ¥ R

ResultsPlus

~ Examiner Comments

This is a well argued explanation but there is no
mathematical justification included for the stated
relationship between temperature and pressure.
However, this includes good physics and is
awarded the Max 1 mark noted in the mark
scheme.
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Question 13 (b)

Questions asking candidates to explain pressure changes in terms of molecular momentum and
kinetic energy have been set previously and most candidates were able to access at least some of
the marks. Many responses included the right physics principles but either lacked sufficient detail,
failed to make their points with sufficient clarity or did not use the correct terminology. References
to increased kinetic energy rather than increased mean kinetic energy, particles instead of atoms
or molecules, collisions between molecules rather than with the tyre wall and the change in
momentum rather than the rate of change of momentum were seen all too frequently.

To construct a logical argument in response to the question asked it is necessary to realise that an
increased molecular kinetic energy means that the momentum change in every collision, whether

with another molecule or with the tyre walls, will be greater. This is the second marking point and it
was rarely awarded.

*(b) Explain why the pressure exerted by the air in the tyre increases as the temperature of
the air increases.

Your answer should include reference to molecular momentum and kinetic energy.

(4)

ma}n\tﬂcﬂi@sgm‘}empmmm)mmwm?Lanathmer%\jogmmf
wlmMWMksﬁm%faiﬂMMQsMeﬁs?jMPnnwmm
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ResultsPlus

Examiner Comments

An example of a well argued answer that has all
the relevant physics and uses the correct
terminology.
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ResultsPlus

Examiner Comments

This is an example of a typical good response that
is only missing the second mark. The candidate
has not realised that an essential part of this
argument is that the change in momentum for
every collision is larger.
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ResultsPlus

Examiner Comments

This response shows both a knowledge of the topic
and some understanding of the kind of argument
that we are looking for, but lacks sufficient detail.

The first mark is awarded for the first sentence.
The second sentence goes part of the way towards
the third mark but has not specified that it is the
rate of collision between the molecules and the
tyre wall that has increased. The third sentence
goes part of the way towards the fourth mark but
does not make it clear that it is the rate of change
of momentum at the tyre walls that increases,
therefore increasing the force.

ResultsPlus
Examiner Tip

If a question is worth four marks always try to
think about what four physics points the
examiners might be looking for.

eater , with larger fce.
Hence the pregsure inceasces.
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An example of a response which includes some correct physics but scores no marks.
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ResultsPlus

Examiner Comments

Although the response includes a statement that
the kinetic energy of the molecules increases, it
does not specify that it is the mean kinetic energy.
The response only refers to collisions between
molecules not molecules and the tyre walls and
describes them as harder which in this context is
not a correct use of terminology. There is a
comment about an increased rate of change of
momentum but as far as we can tell, this refers to
collisions between molecules.
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Question 14 (a)

This is a straightforward nuclear equation for beta decay which most candidates were able to
complete correctly. The most common errors were associated with not being able to write the
correct proton and nucleon number for the beta minus particle.

13
3

137
55

5

g

Cs —

Cs —

138 I S
_____Efi__,_Ba t r.:rﬁ

ResultsPlus

Examiner Comments

In this response, the nucleon number and the
proton number for the beta minus particle have
been transposed. The candidate has then made
the equation balance, but in the process has the
incorrect numbers for the barium nucleus.

\2 o
seBat | f”

\\/CZ ResultsPlus

Examiner Comments

This candidate has used the symbol for a beta plus
particle with a proton number of +1, instead of the
-1 that we should see for a beta minus particle.
This has resulted in both the nucleon numbers
being correct, but both proton numbers being
incorrect. 1 mark is awarded.
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Question 14 (b)

This question enabled the majority of candidates to demonstrate their ability to successfully
calculate the decay constant and to make some progress in calculating the final activity given an
initial number of nuclei and using the exponential equation for radioactive decay.

There are three stages to this calculation and two methods, with a common first stage which is to
find the decay constant using the value of half-life given in the introduction to the whole question.
Most candidates could do this successfully, working either in seconds or years. Those who worked
in seconds from the beginning were more likely to eventually reach the correct answer for

the final activity.

Most candidates then used A = AN with their value of A and the number of nuclei given in the
question to find the initial activity of the caesium-137. A significant minority thought that they had
found what they had been asked to and did no more calculation. The final stage using this method
is to use the exponential equation to find the activity after 20 years, remembering that the final
answer has to be in Bg, so a conversion from years is required at some point.

An alternative approach is to first use the exponential equation to calculate the number of
caesium-137 nuclei remaining after 20 years and then use A = AN to calculate the final activity.

Some candidates were muddled about the times given in the question, using 20 years as the
half-life and some completely misread the question and thought that they were being asked to
calculate the activity after 13,720 years.

An example of one of the two methods for this question.

(b) When it is removed from a fission reactor, a fuel rod contains 1.36 x 10* nuclei of
caesium-137. .

Calculate the Iactivity of the fuel rod due to the decay of the caesium-137 20 years
after removal from the reactor.

1 year = 3,15 x 107s
(4)

= N2 N=Na¢%t

&QXBGK‘U? S “‘_ XY T T 'ﬁ"{""oi-l-'iék
e r sy N—— LN=E Db xyo TXe  Bexgd
=889 X0

=n1%b)(\0'mmsaxm”’ S A

Activity: of fuel rod = QQHX\D‘ H&L
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ResultsPlus

Examiner Comments

The decay constant has been calculated in s then
the exponential equation used to find the number
of nuclei remaining after 20 years. Finally the
activity after 20 years is calculated. The answer is
correct and has the right unit.

This response illustrates the other route through the calculation.

......................... It\?-\-?c.\ad'?w?-’raﬁ= o T o OO

. A
CXm AT = A2 X e BeXIST = 4.40%I10 By
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30:2X26B X249 x 3600 Petel

A_qqu‘c;q—j‘ﬂﬁ'k IG'“"@KQ_DKSnIEX\Q)?—
= L

Examiner Comments

The first two stages have been done in one
calculation, then substitution for the decay
constant is seen as part of the calculation of the
initial activity. Then the exponential equation has
been used to find the final activity. The candidate
has used time in seconds consistently therefore
the final answer in Bq is correct.
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ResultsPlus

Examiner Comments

This response shows the correct calculation of the
decay constant and then the initial activity, but has
gone no further. The first 2 marks have been
awarded.
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ResultsPlus

Examiner Comments

This candidate has worked throughout in years.
Their final answer therefore has units years'1, not
Bg. The first 3 marks are awarded. Since they were
asked to find the final activity we require Sl units
for the final answer.
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Question 14 (c)

In order to explain why the emission of gamma radiation is a more serious hazard than the
emission of beta radiation we expect candidates to realise that it is the much greater penetrating
ability of gamma compared to that of beta which is the key piece of physics. A discussion of what
stops beta, eg a few mm Al and statements like gamma will be not be completely stopped by thick
concrete or several cm Pb were often seen but are insufficient for the first mark. Many candidates
told us, as they have in other questions on this topic in the past, that gamma is weakly ionising and
highly penetrating but beta is moderately ionising and moderately penetrating. These were
awarded the first mark because the comparison of penetrating powers is included.

It was rare to see responses where we could award the second mark. Descriptions of how radiation
affects cells, causes mutations in DNA, causes cancer etc are not answering the question. Gamma is
a more serious hazard because it is much more difficult to protect people from it and this is what
the two alternatives for the second mark are about.

(c) When caesium-137 decays it also emits gamma radiation.

Explain why the emission of gamma radiation is a more serious hazard than the
emission of beta radiation.
(2)
jpmmalro‘m}mhu - .m.n.l..c........i).{ aebre ki r) . lm)(](SS .I.Qb.i.zi.h.ﬂ_. -

...................L’..“.’:-.}.'.......'.’f\....!,.Q‘..}‘Y.....1?..{".......j.hnﬂ..MA.....f’.ﬂ..d..lrﬁu%..‘].q}k.. Lan. Colde.. e [FON A% | § S—

< Examiner Comments

ﬂ/\YResultsus

The statement 'gamma radiation is more
penetrating' was awarded the first mark. This is a
minimum for that mark. The use of a comparative
word like 'more' is essential.
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(c) When caesium-137 decays it also emits gamma radiation.

Explain why the emission of gamma radiation is a more serious hazard than the
emission of beta radiation.

2)
gcmf‘no\rc:,c:ﬁomor\hqsmpmfe,.renge,ﬂwdef
*f'cs'fopcrb!cac-k:_ B

ifisve.fjpf’/lﬁf‘fq{mﬁfc.auﬁﬁ,sC.C:ﬂc.zf‘ e

ResultsPlus

Examiner Comments

Although this response tells us that gamma is very
penetrating, there is no comparison of penetrating
power with beta so the first mark cannot be
awarded. The comment about 'infinite range' and
'harder to stop or block' goes some way towards
the second mark but is insufficient.
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Question 15 (a) (i)

In general, this question was well answered with most candidates realising that the centripetal
force required to keep the satellite in orbit is provided by the gravitational force between the
satellite and the Earth, hence they needed to begin by equating the two expressions for force. This
could be done either using v or w. The other piece of required physics is the relationship between T
and either v or w. Almost all could then use algebra to manipulate the equations to give the
required expression.

One of the many responses that scored all 3 marks.

2T

IAL Physics WPHO5 01

ResultsPlus

Examiner Comments

The two expressions for force have been equated,
using angular velocity. It is clear that 'm' has been
cancelled. The expression relating angular velocity
has been quoted and then substitution made for
the angular velocity. The expression has then been
rearranged to give the required equation.




Ve rw

LY
15 Navstar | was a navigation satellite placed in a circular orbit about the Earth in 1978,

It was the first Global Positioning System satellite to be launched.

(a) (i) Show that the orbital time T for a satellite in a circular orbit of radius » about the

Earth of mass M is given by
T- v
T2=4nzr3 \',?_‘L [\ A"
GM w
(3)
¥ v
ResultsPlus

Examiner Comments

The two equations for force have been quoted,
more than once, but then equated and therefore
the first mark is awarded. In their rough working
above the answer lines we can see the relationship
between orbital time and angular velocity, but this
has not been used. No further marks are awarded.
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Question 15 (a) (ii)

Almost all candidates could successfully use the equation given in part (i) to find a value for the
orbital time of the satellite. Working out how to use that value to determine the number of times
the satellite crosses the equator proved more challenging. Most were able to work out that there
would be 2 orbits in one day but only a minority took the extra step that in every orbit the satellite
crosses the equator twice which means that the answer to the question is 4.

An example of a clearly set out response that follows the mark scheme.

4R’x(1sbxuﬁ)5

(lu_éﬁj lﬁbwuwi=<?%xzsﬂq)$"Emgﬁﬁﬁﬁffmwmwww

86400 = 2.0

Nmm\o{v n‘e w\-;,\\woms 2o AM

T The sabellife arosecs S cquetoy. Q“’”} iﬁ;";‘“ﬁfff

) Number of times satellite crosses equator = ... 4’ S

Examiner Comments

The substitutions into the given equation are
clearly seen and the correct value for T calculated.
They have shown us that they have calculated the
number of seconds in one day and how they have
found that the number of rotations in one day is 2.
Finally, we can see how they have arrived at the
correct final answer of 4.

4 ResultsPlus
Examiner Tip

Always make it clear how you are doing a
calculation.
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This response illustrates the common error of failing to complete the question.

(3)

e s

Number of times satellite crosses equator = 2

ResultsPlus

Examiner Comments

In this response we can see the correct calculation
of the number of orbits in one day. The value of T
has been correctly calculated and they have
divided the number of seconds in one day by T.
The final stage has not been tackled. The first

2 marks are awarded.

ResultsPlus
Examiner Tip

It is worth double checking what the question asks.
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...................................................................................................................................................................................................................................

ResultsPlus

Examiner Comments

The substitution into the given expression has
been done, scoring the first mark. The value of T

has been calculated correctly but no use made of
the value.
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Question 15 (b)

It would seem that many candidates did not appreciate that the question requires them to think
about the calculation itself: that if potential energy is calculated using the given expression, g is
assumed to be constant and will be taken as the value at the Earth’s surface. In fact, the value of g
will decrease significantly. We were looking for a mathematical description of this decrease for the

first mark.

A range of responses were seen which did not address this and hence were awarded no marks.
These included: suggesting that the satellite would change mass as fuel was used (the satellite has
no fuel), the orbit being included to the equator would affect the potential energy, and energy
would be lost to the surroundings, expressed in various ways.

The actual valuwe v 4E s Smalky. than the

aM
calewlated  Verlue . Becamse 9. = Ty3... As

ronevease . 9. il Aecrease..

ResultsPlus

Examiner Comments

An example of a response that scores both marks.

T adud velae watd b Lt than claddked ﬁa"‘»b"un Thh*"’”""
_____ 0 M. go wp g Mo guactelind  fad sty detin oy

(
ResultsPlus

Examiner Comments

This also scores both marks. Although it is not
expressed in the same way as is given in the mark
scheme, the meaning is clear.
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.o g = _@,_, e o s e cookivs o Bwth
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ResultsPlus

Examiner Comments

The first mark is awarded.

This candidate has not told us that the actual value
of the energy will be less, and has just said that the
radius is not accounted for. The second mark is not
given.

ludstedontoc.

mdécwmc?, £vhﬁ°m+ H‘ Aut-*mﬂ! N‘%

a Ib’{uﬁwj/ durtane. &nu- candre aﬁl Eartl. Thaor . a_mwﬂd
. @/ ks 17& {?Mohph ,ﬂ u!mt

ResultsPlus

Examiner Comments

The second mark is awarded but there is no
mathematical justification given and so the first
mark is not given.

ResultsPlus
Examiner Tip

Always try to back up a description of a
relationship like this, between g and distance, with
an appropriate equation.
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Question 16 (a) (i)

Many candidates were able to describe the position of *°Fe as meaning that this isotope has the
largest binding energy per nucleon. There were some who omitted ‘per nucleon’ and so were not
awarded the first mark. The most common way to score the second mark was by saying that *°Fe is
the most stable. Those who attempted to explain that fusion of nuclei less massive than *°Fe
releases energy and fission of nuclei more massive than *°Fe releases energy, rarely gave sufficient
detail.

%J:.mmarmd((mdaﬁupobd-anl ....... e olecsgcac.....

ResultsPlus

Examiner Comments

The first sentence scores the first mark. The rest of
the response has insufficient detail for the second
mark to be awarded.

___________ T has  gadter Brdng groen). Jess ¢
The diral bt of fuston omd Jfutm.

ResultsPlus

Examiner Comments

The first mark is not awarded because 'per
nucleon' has been omitted, but they have said that
it is the most stable nucleus. From the way the
question is worded it is understood that 'it' refers
to °°Fe, therefore the second mark is awarded.

IAL Physics WPHO5 01
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ResultsPlus
Examiner Tip

In questions about binding energy take care to
notice whether it is binding energy or binding
energy per nucleon that is relevant.

5‘; lghst point of
e B o fro 7 PP hadin PV
nu(kon, lmffrrh AN ’rflﬂf 5;50/ ;;wy ., i

"”:wuc&a;}}; bt oty s veguivdd o 9t ez i 21

CSIL,  Mucls it 15 compotent hddgens, which wawns
ﬁE‘J Nuclens. 75 te MSE bl . hwdm;; W"’E

Alnnfmy omyy P” fn%ém oémf; %0 erergy nfu-f nymm’ f‘a

have -rﬁs me Iayer Waclhon  Mumgpy Ty q&'#ﬁv

ek

g{m{[l’a fu{mh,

* ResultsPlus
Examiner Comments

This response scores both marks. The first mark is
awarded for the first statement. The candidate
then has a clear description of the meaning of the
highest binding energy per nucleon, telling us that
the highest energy is required to split the nucleus
into its component nucleons. This is the second
alternative on the mark scheme for the second
mark. They then go on to say that this means that
the *°Fe nucleus is the most stable. This in itself
would have scored the second mark.
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Question 16 (a) (ii) - (iii)

(i) This question asked candidates to show that the binding energy per nucleon is about 9 MeV.
When asked to 'show that' it is necessary to show all the stages in the calculation and to give the
final answer to more significant figures that are given in the question. Almost everyone began this
question in the right way by attempting to calculate the mass defect. Some failed to work out that
there are 26 protons and 30 neutrons in every nucleus of *°Fe. As long as the calculation included
at least 1 proton and 1 neutron and the mass of the nucleus, this mark could be awarded, although
the final answer would be incorrect. Many responses showed substitution into AE =c’Am and the
conversion to eV, arriving at an answer of 494 MeV. Because the question asked candidates to show
that, most candidates who got this far realised that to get the correct answer they would have to
divide by the number of nucleons.

(iii) The y-axis of the graph in the question shows that “He is 1 square up from the origin and

> Fe is 9 squares up from the origin. This means that the value of the binding energy per

nucleon for 2He must be equal to the value for *°Fe divided by 9. Many candidates could do this by
inspection.

(ii) Show that the binding energy per nucleon of Fe is about 9 MeV.

proton mass = 1.673 x 10?"kg
neutron mass = 1.675 x 107%kg
mass of *Fe nucleus = 9.287 x 10 kg
4)

-2 ~27 -2
(asx‘““w)-*r(w““‘*“’)H"*smkg

(2.%374% -4.281) %07 = 6 .0g18 X0 kg

1= ;mcz

_y -
€ = n0axw0” . kq3grsxio‘eV
l b0 x ID‘ —14 )
E"‘fjj per m.u:lun = I-HB g"rgxlo = 982 % o ev

a e
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(iii) Deduce a value for the binding energy per nucleon of *H.
You should use your value from (ii) and the graph.
(2)

q

Binding energy per nucleon = ...

ResultsPlus

Examiner Comments

(i) This scores all 4 marks. All stages in the
calculation are shown, the correct final value for
binding energy per nucleon has been reached, and
it has been quoted to more significant figures than
the 'show that' value of 9MeV.

(iii) The response shows the correct method, ie
divide by 9, but has used the value they calculated
for binding energy, 494 MeV, instead of 8.8 MeV.
The answer is not correct therefore the second
mark cannot be not awarded.
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(i) Deduce a value for the binding energy per nucleon of *H.
You should use your value from (ii) and the graph.
(2)

. ' Q!
e Da%%%w&m;&\x

Binding energy per nucleon = ... K. .. ...

ResultsPlus

Examiner Comments

(ii) An attempt at calculating the mass defect has
been made. The value calculated is incorrect
because only 1 proton and 1 neutron have been
included, but this is sufficient to award the first
mark. The candidate has then shown their
substitution into AF=c*Am to find the energy
equivalent of the mass. This means that the
second mark can be awarded. They have not
attempted to convert their energy into eV and
although they have realised that they need to
divide their energy by 56, this is insufficient to be
awarded any further marks.

(iii) Nothing creditworthy.
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(iii) Deduce a value for the binding energy per nucleon of *H,
You should use your value from (ii) and the graph.

@

Binding energy per nucleon = ... , MV

ResultsPlus

Examiner Comments

(ii) The first 3 marks are awarded. The candidate
has forgotten to divide their value of energy by the
number of nucleons. In this kind of calculation we
ignore the minus signs.

(iii) The candidate has taken the 'show that' value
and divided by 9, reaching an acceptable answer of
1 MeV, scoring two marks.
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Question 16 (b)

From their responses it was clear that whilst many candidates realised that the release of energy is
associated with conservation laws, they did not express their ideas with sufficient clarity to be
awarded more than the first mark, and sometimes not even that one. It was acceptable to answer
either in terms of the conservation of mass-energy or the conservation of energy.

The question refers to the production of ‘less massive’ isotopes and for the mark to be awarded it
was necessary for the response to make it clear that it is the total mass of these less massive
isotopes that is less than the mass of the uranium-235. The equivalent approach is to refer to the
increase in binding energy that occurs during the fission process. Since both the binding energy
and the binding energy per nucleon increase either are acceptable.

For the second mark on both alternative schemes, it was necessary to name the conservation law
that featured, either the conservation of mass-energy associated with the decrease in total mass, or
the conservation of energy associated with the increase in binding energy. It was insufficient to
simply mention AE=c? Am.

A rare example of a complete answer that scores both marks.

(b) The isotope uranium-235 undergoes fission into less massive isotopes.

Explain how fission of uranium-235 leads to a release of energy.

Tho mau o]

:I U _ (Total for Question 16 = 10 marks)

ResultsPlus

Examiner Comments

This response is awarded the marks for the
comment about mass and the explanation which
includes that 'mass-energy is conserved'.
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ResultsPlus

Examiner Comments

This response includes a correct comment about
the total mass of the daughter nuclei and is
awarded the first mark. There is no mention of the
conservation of mass-energy: the reference to the
equation is insufficent for the second mark.

féfﬂt/[.é”c’}?mffdﬁﬁfﬁdwd//éﬂféﬁfmwg

deses released... O

ResultsPlus

Examiner Comments

A minimum answer for the first mark on the
alternative mark scheme.
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Question 17 (a)

Candidates have been asked many times in the past to make a statement about the meaning of
simple harmonic motion. It is a standard definition and one that candidates should be ready to
state without difficulty. In this question they have been given an incomplete definition and asked to
rewrite it.

For the first mark it is essential to specify where the displacement is measured from. 'Equilibrium’ is
a technical word in physics and means a state not a position. The definition given in the question is
meaningless unless the word ‘position’ or something similar is added. It is also necessary to include

something about the direction of the acceleration for the second mark. This mark was more
commonly awarded than the first.

_Smple hasmentt. meteon.  OCCUrs shen the accelesditen OF on obgeck
13 derectly  Popuittenal to et drsplacement  from theequtlt bnom
LbosHen, AxelecHen. ts aleagys  OCHngy Wecees  He equekbnim.

ResultsPlus

Examiner Comments

An answer that is awarded both marks.

A typical response, one that is awarded only the second mark.

= Simple. harmonic motion occuss when Ane aelexadlon
..oF an _ohject is & proportional M Yo WS displacemend
. Noen equibiuen and 34 acds Yowmds e equi\bawen

ResultsPlus

Examiner Comments

The candidate has copied the given incomplete
definition but added a correct statement about the
direction of the acceleration which means that the
second mark is awarded. They have not made a
correct statement about where the displacement is
measured from.
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ResultsPlus

Examiner Comments

It is acceptable to define simple harmonic motion
in terms of the force rather than acceleration, but
this candidate has copied the given statement
about displacement replacing 'acceleration’ with
'force' but not saying the place where the
displacement is measured from. Their comment
about the force's direction is however sufficient to
be awarded the second mark.
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Question 17 (b) (i)

It was clear from the vast majority of responses that candidates had done this experiment or a
similar one and so knew the methods that are used to enable an accurate value of the time period
to be obtained. For the third mark we were looking for either using a marker to indicate the timing
position or that the timing should be done from the equilibrium position. Ideally, the marker
should be at the equilibrium position. For this mark it was not necessary to state ‘equilibrium
position’ as long as it was clear that this was the place the candidate was referring to.

?\W’i M u\cdm ‘t:lm ANVORK, hr-a

ResultsPlus

Examiner Comments

An example of a clearly set out response that is
awarded all the marks.
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(i) A student uses a stopwatch to measure the period of oscillation T of the test tube.

Describe the procedure she should follow to obtain an accurate value for 7.
3

SEY - <. S I |
~ sc
‘S)mmwokse\-me. .............. |

ResultsPlus

Examiner Comments

This response is awarded the second mark for the
comment that the 'experiment must be repeated
and average taken'. This is not very well expressed
but the meaning is clear.

The candidate is going to start the timing from the
position of 'maximum amplitude or distance’,
which will not lead to an accurate result.
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% ResultsPlus
Examiner Comments

This response is awarded the first and third mark.

The comment about observing at eye level is not
credited in this situation.
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Question 17 (b) (ii)

The calculation was usually successfully completed. There were occasional instances of candidates
who did not realise that the distance given is the amplitude, and divided it by 2. Those who tried to
use the general equation for velocity in shm, v = -Awsinwt, were usually unable to reach the correct
answer because either they took the value of t as 0.57 seconds, or they failed to set their calculator

to radians.

An example of a response that scores full marks.

VM&’\_,';AM
Tt -

.................. ;00 O.C"?_

Maximum velocity = . 0027 ?"/S

\’—’> =
( ResultsPlus

Examiner Comments

This response shows the whole calculation done in
one stage. The answer is correct and it is
acceptable to write the unit as m/s.

IAL Physics WPHO5 01



W gF - O O ews’
Opr?//mf e
—

Maximum velocity = ...

ResultsPlus

Examiner Comments

The calculation of w has been done correctly and
the first mark is awarded.

This candidate has then attempted to use the
general expression for velocity in shm. The value
for time that has been used, 0.57 s, will not give
the maximum velocity, because the maximum
value of a sine function occurs when t = /4. The
calculation has also been done with the calculator
set to degrees instead of radians and so the wrong
answer would have been obtained even if a correct
value of time had been used. However, since the
value of time has been taken from the question
and all the substitutions can be seen, the second
mark is awarded.

ResultsPlus

Examiner Tip

If asked for the maximum value of velocity in shm,
remember that the maximum value of a sine
function is 1. Therefore the equation becomes
much simpler.
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Maximum velocity = ..

ResultsPlus

Examiner Comments

This response is awarded the first mark only. We
can see that the full equation for velocity has been
quoted but the answer is incorrect and we can see
no substitution of values into the equation and so
cannot award the 'use of' mark.

ResultsPlus
Examiner Tip

Marks are never awarded for simply quoting the
equation you plan to use. Always rewrite the
equation with appropriate numbers substituted.




Question 17 (b) (iii)

Many candidates did not appreciate that because the graph shows the variation of velocity with
time as a minus cosine function, the variation of acceleration with time must be a sine function.
Those who drew a cosine function, ie a mirror image of the given graph, could score neither mark.

For the first mark, either a positive sine curve or a negative sine curve of any amplitude was
accepted, provided that the amplitude was constant. For the second mark, it was necessary both to
draw the curve so that it has the same period as the original and to draw it with the correct phase.
Whilst we do not expect perfectly drawn freehand curves we do expect candidates to be able to
show constant amplitude, the correct period and phase.

An example of a response that scored both marks.

e/

NN

ResultsPlus

Examiner Comments

It was not necessary to label the axis in this
question.

/’\\ *
Q Results#
Examiner Tip

The use of guide lines to help draw the maxima at
the correct points, as seen here, is very useful
when drawing freehand curves

us
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Velocity
=

Examiner Comments

A sine curve has been drawn but its amplitude is
not constant and therefore the first mark is not
awarded.

The phase and time period are both correct and
hence the second mark is awarded.

‘ ResultsPlus
Examiner Tip

Use a ruler to draw some faint pencil guidelines to
help keep the amplitude constant.

Time



Question 17 (b) (iv)

Whilst many candidates were able to identify that damping was taking place, very few could explain
in sufficient detail what was happening in this particular situation.

Many made a general statement about energy being transferred to the surroundings or being
dissipated. To answer this question about the oscillations of the loaded test tube, it is necessary to
identify that there are forces acting on the tube by the water that result in the transfer of energy to
the water. Air resistance and upthrust are not appropriate forces.

This is a typical response that is awarded the first mark only.

omph&udl— il decsoose dun o dampn%

'[Fvs means. dhal” dhe m% _is._bun dxmpaﬁéé*-em

ResultsPlus

Examiner Comments

The statement that energy is being dissipated is
insufficient for the second mark.

The asollaben s damped - je. ~the szjshm Vs
JC“ do ok codast extunakwp apposing -ch.es
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ResultsPlus

Examiner Comments

A full answer that is awarded both marks.
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Question 18 (a) (i)

The vast majority of candidates had little difficulty in arriving at the correct answer and
remembered to include the unit.

A few responses showed that whilst the correct equation had been identified, it was not copied
down correctly and the constant of proportionality was written as 2.989 x 107 instead of
2.898 x 107, This is an incorrect use of the equation and so scores no marks.

2 Aoz 2898 X1077
31S 0

2 dixjotw

Wavelength = 9-2 X[O' ? WAl

ResultsPlus

Examiner Comments

An example of a well set out response that scores
both marks.
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This illustrates another error which has been seen a number of times.

;T

Ammx = 2898 xpo’ 2 x &P
=...9.2%/0 "’" B

.'O
Wavelength = q 2 ’)(fﬁl

ResultsPlus

Examiner Comments

The candidate has misunderstood the equation,
and has interpreted 'm' as meaning x 10

This has resulted in an incorrect power of ten in
the final answer. The first mark is awarded.
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Question 18 (a) (ii)

Whilst most candidates realised that the relevant equation is the Stefan-Boltzmann law, there were
a variety of errors made in using it. A number forgot to raise the temperatures to the power 4, but
many more failed to square all or part of their expression for radius.

There were a surprising number of errors made in expressing the final answer, even when the
calculation had been done correctly. To 3 significant figures the value is 0.0107 which, when
rounded to 2 significant figures is 0.011. A lot of candidates gave their final answer as 0.012.

(ii) The radius of Luyten’s star is 35% of the radius of the Sun.

Calculate the ratio of the luminosity L, of Luyten’s star to the luminosity L_ of the Sun,

surface temperature of the Sun = 5800K

(2)
7 'IT_ Lu '35) xSiSO
(:; ‘i’(x31$o
, @J x'snso" L 0.0107
|ySic0t %k =20t

ResultsPlus

Examiner Comments

A response that scores both marks.
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ResultsPlus

Examiner Comments

This response shows values correctly substituted
into the expressions for the luminosities, and the
constants have been cancelled, but the answer is
incorrect. Presumably this is because the
candidate has incorrectly rounded the value
displayed on their calculator. The first mark is
awarded.

ResultsPlus
Examiner Tip

Write down your answer to 3 or 4 significant
figures before rounding. If you then make a
mistake you may still be awarded full marks.
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ResultsPlus

Examiner Comments

In this response we can see that the candidate has
a valid way to deal with the radius of Luyten's star
being 35% of the radius of the Sun, but they have
forgotten to square the radii. No marks can be
scored because the equation has not been used
correctly.
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Question 18 (a) (iii)

Most candidates realised that since they had been told that the atoms could be treated as an ideal
gas, it would be possible to use the expression given at the back of the question paper for the
mean kinetic energy of the atoms, 3/2 kT.

A few of these candidates looked up the value of the Boltzmann constant incorrectly and used the
value for the Coulomb’s Law constant instead. Some attempted to calculate kinetic energy using
1/2 mv?, and because they didn't know the mean speed of the atoms used the speed of light. In
neither of these is the equation being used correctly and no marks are awarded.

3 . -13
T KRNI K BNDD

1<

—

~ -
Mean kinetic energy = . 62X /G N -~

ResultsPlus

Examiner Comments

An example of a response that scores both marks.
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Mean kinetic energy = '4-515"”0-”3_ .....

ResultsPlus

Examiner Comments

This candidate has used the mass of a proton as
the mass of a hydrogen atom which is sensible but
they should have realised that an atom is not going
to travel at the speed of light and therefore this
method cannot be valid. No marks are awarded.

™
F
v

3 KT =3 +1.3620 %3150

~20
Mean kinetic energy = 6*6?”0 e

ResultsPlus

Examiner Comments

The substitution and calculation have been done

correctly but there is no unit. The second mark is

only awarded if the answer is numerically correct
and the unit is included. The response is awarded
the first mark only.
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Question 18 (b) (i)

In order to answer this question it is necessary to bring understanding of several areas of physics to
a new situation which has not been asked about before. Many realised that the Doppler shift was
part of the explanation and so were awarded the first mark. For the second mark we were looking
for some detail about what that meant about the motion of the atoms and the wavelength of light
emitted by the atoms as observed on Earth. Statements about red or blue shift provided
insufficient detail. A much smaller number of candidates realised that the motion of the atoms,
behaving as an ideal gas with frequent collisions, would have a large range of different velocities
and so this would lead to a large range of different wavelengths being observed.

Some candidates had clearly studied last year's paper, which is good practice as part of their exam
preparation, but jumped to the conclusion that this question was very similar to one on that paper.
They assumed that Luyten'’s star is spinning and so atoms on one side of the star would be receding
from Earth and those on the other side approaching Earth. This question says nothing about the
motion of Luyten'’s star so this approach could score a maximum of 2 marks.
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ResultsPlus

Examiner Comments

A very good answer that scores all 3 marks.
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ResultsPlus

Examiner Comments

This response was awarded the first 2 marks.
There is no discussion of how the atoms will have
many different velocities and it is therefore
insufficient to score the 3rd mark.
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ResultsPlus

Examiner Comments

This response is not well written but there is
mention of "Doppler's effect" with some correct
context so the first mark is awarded. However, the
candidate thinks that the Doppler shift occurs
because of a changing distance from Earth which is
incorrect physics and they have not specified
whether the wavelength would be larger or
smaller. No further marks are awarded.
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Question 18 (b) (ii)

The main challenge with this question was to realise that the final value of the speed of hydrogen
atoms required that the left hand side of the given equation is equated with v/c, and it was not
necessary to look for values of wavelength to substitute. However, many candidates were able to
substitute appropriate values into the right hand side of the given equation and were awarded the
first mark. There were a few responses in which the surface temperature of the Sun, 5800 K, was
used instead of the surface temperature of Luyten’s star, 3150 K.

A few candidates realised that when the two equations are equated, the expression can be
simplified and the speed of light ¢ cancels.This approach will of course, give the correct answer and
is awarded full marks.
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Speed of hydrogen atoms = .. 5.1 % 'O Mg

ResultsPlus

Examiner Comments

An example of a response that scored all three
marks.
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ResultsPlus

Examiner Comments

answer, and is awarded full marks.

This candidate has done the algebra first without
making any mistakes, leading to the correct final

ResultsPlus

Examiner Tip

Unless you are very confident in your

before rearranging equations.

mathematical skills it is wiser to substitute values
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Speed of hydrogen atoms = '75)(10*”13

ResultsPlus

Examiner Comments

In this response we can see that the substitution
into the right hand side of the given equation has
been done correctly and so the first mark is
awarded. The candidate got into a muddle when
trying to use the Doppler shift equation so no
further marks can be awarded.
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Question 18 (c)

This question asks for a comparison to be made between the two stars. It is essential therefore that
comparison words like lower or smaller are used. The preceding parts of the question have
introduced Luyten'’s star as having a lower surface temperature and lower luminosity than the Sun.
This should have helped candidates to realise that Luyten’s star has a smaller mass than the Sun
and hence smaller gravitational forces acting.

These smaller gravitational forces result in a lower temperature, density and pressure in the core
of the star compared to the core of the Sun. It is essential to identify that it is the core because this
is where the main hydrogen fusion process takes place. Although many candidates mentioned the
lower temperature of Luyten'’s star they often failed to identify that the core temperature must

be lower.

Most responses attempted to relate what they knew about hydrogen fusion in a main sequence
star to evolution of the star, but many could not express this with sufficient clarity, just repeating
what was given in the question. We expected candidates to discuss hydrogen fusion rather than the
more general nuclear fusion and to refer to hydrogen by name, not just refer to fuel.

An example of a response that scored all three marks.
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ResultsPlus

Examiner Comments

In general, we accepted references to 'hydrogen
burning' instead of the more accurate expression,
'hydrogen fusion'. This response includes both.
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ﬁ ResultsPlus
Examiner Comments

The first mark is awarded for the candidate's
second statement.

Their other comments are insufficient for the third
mark although their response suggests that they
understand the physics involved. They have not
mentioned hydrogen and have not explained why
a lower rate of fusion leads to a longer lifetime.
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ResultsPlus

Examiner Comments

This response suggests that the candidate
understands the physics behind the third mark but
has not expressed themselves well enough to be
awarded the mark. It is meaningless to say that
'the rate of fusion is slower’, a rate cannot be
slower. The 'fuel' has not been identified as
hydrogen.
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Paper Summary

Based on their performance on this paper candidates should:

* Ensure they have a thorough knowledge of the physics for this unit.

Read the question carefully and answer what is asked.

Where questions ask for a description or explanation, be particularly careful to use appropriate
scientific terminology.

In ‘show that’ questions include all substitutions and all stages in the working.

Show all their workings in calculations.
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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

IAL Physics WPHO5 01 69


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

Pearson Education Limited. Registered company number 872828
with its registered office at 80 Strand, London WC2R ORL.


http://www.tcpdf.org



