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Introduction

The assessment structure of unit 5 mirrors that of other units in the specification. The
examination consisted of 10 multiple choice questions, a number of short answer questions
and some longer, less structured questions with synoptic elements incorporated throughout.

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 questions Q14(c), Q15(b)(ii), Q16(c), Q16(d), Q17(b)(ii),
Q18(a)(iii) and Q18(c) tended to be clustered at the lower end of the scale.

In general, 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 solutions which were well crafted, clearly set out and accurate.

Occasionally in calculation questions the final mark was lost due to a missing unit. Most
candidates understood the convention that in the ‘show that’ question it was necessary to
give the final answer to at least one more significant figure than the value quoted in the
question.

Once again there was evidence that some candidates have problems in appreciating the
magnitudes of calculated values. This was particularly noticeable in Q18(a)(ii) with energy
per fusion, where a misunderstanding of the nature of the unit GeV/c? for particle masses
led to answers many orders of magnitude larger than the correct answer being accepted by
candidates.

Scientific terminology was used imprecisely and incorrectly in a number of responses seen
on this paper. There was confusion demonstrated between atoms, molecules, nuclei and
particles. At A2 level it is to be expected that, where candidates use such terms, they do so
with accuracy.

Once again, there were examples of candidates disadvantaging themselves by not
expressing themselves using suitably precise language. This was particularly the case in
extended answer questions such as Q16(a)(ii), Q17(b)(iii) and Q18(c), where candidates
had knowledge of the topic, but were sometimes unable to express it accurately and
succinctly.

Some candidates did not spend enough time reading the question before they started

to write their answer. Some responses to question Q18(c) focused on the conditions for
fusion rather than considering the technical difficulties. Similarly, if a question asked
candidates to answer ‘with the aid of calculation’ as did Q12, then full marks would only be
awarded if a calculation was included in the candidate’s response.

Diagrams provided important means of communicating information and it should be expect
that A2 candidates be able to draw diagrams to achieve this, as in question Q17(b)(ii) where
a sketch graph was required. Although some candidates drew the curve carefully and added
appropriate detail, such as the frequency for peak amplitude and a width which ignored the
effects of damping, this was not always the case.

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

Responses to the multiple choice questions were generally good with 6 of the questions
having 70 % or more correct answers.

In order of highest percentage correct they were: Q9 (96%), Q6 (88%), Q4 (76%), Q2
(74%), Q3 (71%), Q5 (71%), Q1 (69%), Q8 (63%), Q10 (59%), and Q7 (31%).
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Q7, which has the lowest percentage of correct answers, revealed a common misconception
amongst candidates. The correct answer was only chosen by a minority of candidates, with
a large proportion choosing the incorrect response A. This was presumably on the basis that
a damping force would have to ‘oppose’ the acceleration. However, to remove energy from
the oscillating system the damping force must always be in the opposite direction to the
velocity of the oscillating mass, hence the correct response is B.
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Question 11

This question was generally well answered although some candidates missed out on the
second mark as a result of omitting the unit.

Apart from this, the most common errors were using g instead of G, and halving or not
squaring the separation given in the question.

SECTION B

Answer ALL questions in the spaces provided.

11 Mars 1s our nearest neighbour in the solar system. In August 2003 the distance between
Mars and the Earth was the closest in recorded history at 5.6 x 10" m,

mass of Mars = 6.4 x 10* kg
mass of Earth = 6.0 x 10* kg

Calculate the gravitational force between Mars and the Earth when they were at this
distance.

—

r

(2)
R L7%10" X btext0®® c L omd®™ = 4 bxi0 N
Sxio

27
Gravitational force = “.lexio. N

ﬁ ResultsPlus

Examiner Comments

Although the candidate has written down the gravitational force
equation correctly, when values have been substituted into the
equation the separation has not been squared. The final answer
is incorrect, and the candidate doesn't score the ‘use of’ mark.

A

OO ResultsPlus

Examiner Tip

Check carefully for indices when substituting into equations.
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Question 12

Most candidates realised that the galaxy was receding and then went on to gain at least 1
mark from using the red shift equation. However, a significant minority used the frequency
of the spectral line from the galaxy in the denominator rather than the frequency of the
spectral line in the laboratory.

Some candidates simply converted frequency to wavelength to see if it was longer. They got
no credit for this other than MP1, since this gives no more information than that given in
the question already. Candidates calculating the wavelength before finding the change often
rounded too early.

Despite being prompted to make a calculation, some candidates just referred to the
recession of the galaxy.

12 The spectra below show dark absorption lines against a continuous visible spectrum.

light from a source in the laboratory

light from a distant galaxy

L
frequency

A particular line in the spectrum of light from a source in the laboratory has a frequency
of 4,570 = 10" Hz.

The same line in the spectrum of light from a distant galaxy has a frequency of

4,547 = 10" Hz.

With the aid of a calculation state what shnu|d be concluded about the ,“i‘ifmnt galaxy.

I Y L 2

)

(3
S T T hosweem oW
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ResultsPlus

Examiner Comments

The candidate has identified that the galaxy is moving away from the observer
(Earth) and calculated the red shift correctly. They have not gone on to
calculate the recessional velocity, although this is not required for full marks.

12 The spectra below show dark absorption lines against a continuous visible spectrum.

light from a source in the laboratory

light from a distant galaxy

»

frequency

A particular line in the spectrum of light from a source in the laboratory has a frequency
of 4,570 = 10" Hz.

The same line in the spectrum of light from a distant galaxy has a frequency of

4.547 x 10" Hz.

With the aid of a calculation state what should be concluded about the distant galaxy.
(3)

EXh i b Bt /820" 5 GO
}\ﬂaL:.G L3a0. / G567 a0 5 _g,..sq,.,-.nf.?_. B

dau.j ....... CrlLS _ﬂ ...... I'n.fj
.&;.JELJ}[L%@IQU _______ ‘.. fmf\;

ﬁ ResultsPlus

Examiner Comments

In this response calculations for the wavelengths are carried out. Although this allows
the candidate to deduce that the observed wavelength is increased from the lab value,
this doesn't provide any more information than noting that the frequency is reduced. The
response only gains the mark for identifying that the galaxy is moving away from us.
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Question 13 (a)

This was a well answered question, and most candidates knew the correct definition. Some
candidates did not appreciate the importance of using ‘molecules’ or ‘atoms’ and used the
term ‘particles’. At this level it is expected that candidates will refer to molecules or atoms.

13 (a) Explain what is meant by internal energy of a liquid.
(2)

Tl e sumaf of all th ﬁw&waﬁf&m{m;h .

Plus

Examiner Comments

This is a good response, with both marking points clearly expressed.

13 (a) Explain what is meant by internal energy of a liquid.

T - 1 0 v ¥ - . T

ResultsPlus

Examiner Comments

The response identifies a sum of energies, but there is no mention of potential
energies, and particles are specified rather than atoms or molecules.

A

OO ResultsP

Examiner Tip

us

Know and use technical words correctly.

GCE Physics 6PHO5 01




Question 13 (b)

The vast majority of candidates made the correct calculation in part (i). Many then went on
to make a correct calculation in part (ii). However, some candidates substituted incorrect
temperature differences, or specific heat capacities. Some candidates tried to convert
temperatures from °C to K before calculating the temperature difference. Some candidates
calculated the temperature difference correctly and then went on to add 273 (K) to the
difference.

Most comments relating to the assumption were sensible, although there was a tendency
just to say ‘energy is lost’ with no further details. Candidates should be aware that energy
is never lost, although there is often a transfer of energy to the surroundings which, unless
taken into account, may lead to discrepancies in calculated values.

(b) A cup of tea contains 175 g of water at a temperature of 85.0 °C. Milk at a
temperature of 4.5 °C is added to the tea and the temperature of the mixture becomes
74.0 °C.

(i) Show that the internal energy of the water decreases by about 8 kJ as its
temperature decreases.

Specific heat capacity of water = 4200 J kg™' K~
BB S T

= g.o085KT

(ii) Calculate the mass of milk that was added to the tea. State an assumption that
must be made.

Specific heat capacity of milk = 3900 J kg K

(3)
3
L B.OFS xio” = .M % 3%00 x|
m- O (88 tj
Mass of milk = ... .. .. ’55} B

Assumption ... JRe. . an . 09 ok Ao c-!r.w.ng - jm&f:ﬁﬂ o'é -

i us

Examiner Comments

Examiner Tip

Although the first calculation is correctly carried out,
the value obtained for the mass of milk added to
the tea is wrong, as the temperature difference has
been incorrectly worked out.

Be careful when taking data from the question
to use in a calculation. List data using standard
symbols to help you avoid making errors.

The assumption is too vague for credit to be given.

GCE Physics 6PHO5 01 9



10

(b) A cup of tea contains 175 g of water at a temperature of 85.0 °C. Milk at a
temperature of 4.5 °C is added to the tea and the temperature of the mixture becomes
74.0 °C.

(i) Show that the internal energy of the water decreases by about 8 kJ as its
temperature decreases.

Specific heat capacity of water = 4200 J kg™' K
(2)

AE =eebhd o AB =m0 0 S A A0 % S = D
LDE = - R0RST
= J\Er_ma&e_ wrr

(ii) Calculate the mass of milk that was added to the tea. State an assumption that
must be made.

Specific heat capacity of milk = 3900 J kg' K

(3)
b ones 3o oo asssoned . Ynad Weo mb.emd\. ..... eveca sy
G‘F e M\“ﬂ—n N w\
______________ DG = €9.8° AD. Mook o Xre s
f_\.F— _ 9a8S  Ther lgas of weler
B S T 1 V- 5] € Lveroayn WilHA T La&ser

Mass of milk = 2.8 % ®r1o"® .
Assumption .. .. Ay vty \oe MW@A Aood- e loss. af

AarOeenNe "'..-W(ﬁﬁ\j l‘be%lu&}.*ﬁm Sg;._\r-.. P ﬂ% PO S N
\08S do e evwrenewen (Total for Question 13 = 7 marks)

Examiner Comments

The two calculations are carried out correctly, but the units are
omitted from the value for the mass of milk added.

The assumption gives just enough detail for credit to be given.
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Question 14 (a)

Most candidates correctly identified pV = NKT as being the correct equation to use, and a
good number then went on to complete the calculation successfully. A common error was
not converting the temperature from °C to K.

(a) The pressure of the air in the tyre is 5.8 x 10° Pa. In an attempt to improve
performance air is pumped into the tyre until the pressure at 20 °C is 6.5 x 10° Pa.

Calculate the number of air molecules that must be pumped into the tyre.

(3)
CPVENRT L Ol pS.EROT
AN % e Y SAmASEENO™ o To=a83
Voraamo
e N = PN s oepamitine®®  Reetzgaet
kT

S | MWL P8 sxQT
4. “““@35”“0“ ‘*"“““*“'0 ' *.5.0205 X10™ gir moluudes. .

Number of molecules = 5.0L05 wott o

ResultsPlus

Examiner Comments

This response gains full marks. The candidate has retained a large number of significant
figures for the two values of N that they calculate. This can be important for the
significant figures in the final answer, when two similar numbers are being subtracted.

A

4

O

i,
o
-

Examiner Tip

Leave all figures on your calculator when finding a small difference between two numbers.

(a) The pressure of the air in the tyre is 5.8 x 10° Pa, In an attempt to improve
performance air is pumped into the tyre until the pressure at 20 °C is 6.5 x_1(* Pa.

Calculate the number of air molecules that must be pumped into the tyre.

(3)

AP =(6%x0®) -Esxi0® )

T (\ 28 xuﬁ- )x{'z??..rtb)

N = ‘3 O'L Xlon

[
A\ Number of molecules = .. 5-02)(103 R

OO ResultsP!

Examiner Tip

The candidate has calculated a pressure difference to use in the gas
equation. This leads to the correct answer with no loss of significant figures.

GCE Physics 6PHO5 01
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Question 14 (b)

A good proportion of candidates used the route of P,/T, =P,/T,, but once again, some failed
to convert °C to K. Those who failed to realise that p is proportional to T took a long route
using pV = NKT. This was problematic as often candidates confused N with DN or p with Dp.

A common mistake was to calculate the temperature of the difference in pressures giving an
incorrect temperature of about 125K.

(b) After cycling in a race the air pressure in the tyre has risen from 6.5 x 10° Pa to
6.8 x 10° Pa.

Calculate the increase in temperature of the air in the tyre.
(3)

. S
T T 9% ng

T

CahoTEIS

ﬁ ResultsPlus

Examiner Comments

o

[ncrease in temperature = . 35

Although this candidate remembers to convert temperatures from
Celsius to kelvin, they have used an incorrect pressure in their
calculation and hence their final answer is wrong. Additionally they
have omitted the units for the temperature difference.

Examiner Tip

Always convert temperatures to kelvin when using the ideal gas
law. Remember to give units for all final answers that you quote.
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Question 14 (c)

This was not answered well. The vast majority of candidates identified that the kinetic

energy increased, but some missed linking this to what possessed increased kinetic energy.

Very few candidates then went on to link the pressure on the container with collision rates
and changes in momentum. Too many candidates wrote of the number of collisions as

opposed to the collision rate. Candidates often failed to mention rate of collision, momentum

change, or collision with the walls of the ball, going on instead to use the gas laws as an
‘explanation’.

(c) Explain why the pressure increases when the air is heated in a tyre of fixed volume.
(3)

loles alr ‘a2 |ealed e cuvy

..‘.. - A iab e b a by
ol

mie of

WerfA e s, |

poticles w A hyee

LG ketic onmgy voeve  faster, T€ collides wiba
L Me seface of Ave byve omrm | freguedly o Tos
covelvee  F M e Cixed | Hhos | M vake  oF

oollig 1w  nestage . As Y eoliglont  maedeS | eressore

S ResultsPlus

Examiner Comments

change of momentum is missing. Hence neither of the final 2 marking points could be awarded.

This response says enough for the first 2 marking points, although the detail relating to the rate of

Examiner Tip

Always aim to describe all aspects in sufficient detail using
appropriate terminology when giving descriptive answers.

(c) Explain why the pressure increases when the air is heated in a tyre of fixed volume.
(3)

Duve to the ﬁvealﬂm dawss . AE o consteat pays
_ond \blure , pressore o duechly  proporkeral to
benpeshre. Tl 1w becavse  ag the berpemhe  jcewe,
Pre i rokeolo  hawe pore  eremy. “Thiy Vorecse, ther
roverek and  collies rele wibh gack othar ond  the

ResultsPlus

Examiner Comments

it is not clear where the collisions leading to an increased pressure are occurring.

This response makes reference to the gas laws, although these describe rather than explain the
variation in pressure as the air is heated. There is an idea that rate of collision is important, but

GCE Physics 6PHO5 01
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Question 15 (a) (i)

This was not as well done as might have been expected. As it is included in GCSE

specifications candidates may be assuming that their GCSE knowledge is sufficient.

Common errors included responses which describe the biological effect of ionisation,
responses which confuse what is knocked out/off, and responses which give an example of
an ionising radiation rather than describing the process.

15 When a photographic film that is not exposed to light is placed near to a source of
ionising radiation the film darkens.

(a) (i) State what is meant by ionising radiation,
(1)

Th. . changes Y Studkugce. of b molecudgy. . the . f0diakion

comes info. . conkaly  uukh

ResultsPlus

Examiner Comments

This is a typical response which refers to a biological effect which may result from ionisation.

A

ResultsP!

Examiner Tip

us

Be specific and use technical physics terms wherever possible.

15 When a photographic film that is not exposed to light is placed near to a source of
ionising radiation the film darkens.

(a) (i) State what is meant by ionising radiation.
(1)

Madintin Mat dancosed DNR ) and coected 0.5 fon aboned (b (OAS [o

e factk WM., reecsvihg eleefvs  cneah R L S

ResultsPlus

Examiner Comments

Although the candidate refers to damage to DNA, there is a clear
indication that the ionisation process removes electrons from atoms.

GCE Physics 6PHO5 01




Question 15 (a) (ii)

This question tests basic recall and as such was a very well answered question.

Question 15 (b) (i)

This was also a very well answered question, although where candidates failed to score full
marks it was usually because they believed that gamma radiation would be stopped by 0.5
cm of lead.

Question 15 (b) (ii)

This question was not answered well, with many responses not scoring any marks

at all. Perhaps the reference to radiation in the question led candidates to talk about
electromagnetic radiation, although candidates should have realised that, given the context,
a reference to some sort of particle was required.

Some candidates identified that neutrons could be the nature of the additional radiation,
although responses often lacked details on explaining why they weren’t then detected by
the film, (for example only saying neutrons weren’t ionising, rather than explaining why this
was the case).

Some of the more able answers were for stating that positrons might be produced, as the
vast majority of answers went on to talk about annihilation. Some candidates referred to
background radiation, but failed to indicate its low count rate as a reason for it not being
detected.

(i) In a nuclear power plant there may be other radiation present which would not be
detected by a film badge.

Suggest what type of radiation this is and why it would not be detected by a film
badge.
{2)

ResultsPlus

Examiner Comments

Although neutrons are identified for MP1, there is no indication
that they are uncharged particles and so MP2 is not awarded.

A

Examiner Tip

Use technical language carefully in answering
questions such as this - include all appropriate detail.

GCE Physics 6PHO5 01
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(ii) In a nuclear power plant there may be other radiation present which would not be
detected by a film badge.

Suggest what type of radiation this is and why it would not be detected by a film
badge.

(2)

Examiner Comments

This response gains both marks.
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Question 16 (a)

In (i) the majority of candidates were familiar with the concept of red shift, and knew that

this was due to the source receding. However, they often failed to appreciate that this is an
effect only perceived by the observer. Some candidates referred to ‘shifting to the red end

of the spectrum’ as opposed to increase in wavelength.

Part (ii) is a ‘standard’ question that candidates should have rehearsed in advance of

the examination. Although the question required candidates to state that they would

both measure and compare the emission spectra wavelengths, many candidates failed to
discuss the experimental method required to make a red shift calculation. Details such as
references to ‘measuring’, ‘wavelength’ and ‘frequency’ were often omitted and, all too
often, candidates used ambiguous terms such as ‘light’ or ‘spectral lines’ without linking the
relevant quantities of the equation to what had to be measured.

(a) (i) Explain what is meant by redshift.
(2)

 Wm e oS ewel  wmddiwmeh  Sem—aa vy

*(ii) Explain how redshift can be used to determine the velocity of a galaxy relative to
the Earth.

ResultsPlus

Examiner Comments

In (i) the candidate gains MP1, but omits any reference to recession for MP2.
The brief description in (ii) gives just enough information for MP1 to be awarded.

A

Examiner Tip

Plan your answer to a question like this before you start to write.
Planning your response will help you to write your answer out
logically and with no omissions and a minimum of repetition.

GCE Physics 6PHO5 01
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(a) (i) Explain what is meant by redshift.

gw\bkkf,dlum ..... m]wwgatw,umm ..... b

ok Ligwv
s (ﬂ\. ewrivked . . 1:5 e Ser .-I-.mvu.'n.o-- i e RESE Fiowa. .oadi .. .....ovivvnis

~eokder

*(ii) Explain how redshift can be used to determine the velocity of a galaxy relative to
the Earth,
(3)

e A S (TTET N O rY M B 2 S WQW . adibatnd ol .
rePive

R DA Lo in wmaiign) _\-: L Verosien Y = R .

A Clgvwn imbn oi- oty B C € Spndt v Clgn)
"

ResultsPlus

Examiner Comments

This response says enough for full marks to be awarded in both parts of the question.
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Question 16 (b)

This is a straightforward enough question which most candidates answered very

well. However, some candidates implied that ‘standard candles’ is a method to calculate
distances, rather than ‘standard candles’ being objects used to enable distance
measurements to take place.

(b) State what is meant by a standard candle.
(1)

“This Le o M eos ure O p’omﬁos (4] P 4

ResultsPlus

Examiner Comments

This response indicates that a standard candle is a
measurement scale rather than an object of known luminosity.

(b) State what is meant by a standard candle.

___imlfﬁax oSS thet be U&’d &)

Gl 4@ Ahorces oy Cauliny ol

ResultsPlus

Examiner Comments

This response does not include enough detail, as it is unclear
that the standard candle has a known luminosity.

GCE Physics 6PHO5 01
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Question 16 (c)

This question was not answered well. While most candidates knew that an estimate for the
age of the universe, t = 1/H,, very few were able to explain (mathematically) why this was
the case.

Those candidates who were astute enough to consider the dimensional analysis of Hubble’s
Law and how this may relate to time outlined the correct method very easily. Some
candidates referred to finding the gradient on a velocity against distance graph to find

H, but gave little indication as to why the reciprocal of this gradient should be the age of the
universe.

(c) Explain how Hubble's law can be used to find a value for the age of the universe.
(2)

_L/'suﬁg._ .ﬁu..fe!aﬁbmw .&mwz?g Huéﬂfhz’aw. ReqeAsun moa%, N

MM &J}fuﬁ’@ MM.MDLJ? 4. /f u_,fwﬂe TMWW Since
e 5@@@ MH}W ﬂwbing, W"” a vedultof the iy Barg
g .L'I'a Aj M —'a" )

ResultsPlus

Examiner Comments

This response describes what Hubble's Law tells us, but
says nothing worthy of credit for this particular question.

A

4

Always relate your answers to the specific question given.

e

Examiner Tip

(c) Explain how Hubble’s law can be used to find a value for the age of the universe.
(2)

MW 3‘142. a/ge af(f “e, ’

<DA ResultsP

Examiner Comments

This response tries to justify the relationship between age of the
universe and Hubble's constant by comparing units. Although

a correct deduction is made, this is not an explanation and so
does not score any marks.
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(c) Explain how Hubble’s law can be used to find a value for the age of the universe.

{

—

A -
ok

~ The age . mﬂ the  ppiverse ‘%—T

ResultsPlus

Examiner Comments

Although there is detail missing from this response, there is a
reasonable understanding of the process that must be applied.

GCE Physics 6PHO5 01
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Question 16 (d)

In (i) most candidates were familiar with the possible fates of the universe, but very few
linked these to the critical density. Instead candidates preferred to use terms such as ‘high
density’, ‘low density’, thus introducing much ambiguity into their answer. A common error
included referring to open/closed/flat universe without mentioning what these terms mean
with regard to universe expansion. Similarly, the use of terms such as ‘big crunch’ with no
further explanation was relatively common. In extreme cases candidates did not incorporate
average density into their statements at all.

In giving statement 2, it was a pity that some candidates were very much on the right lines,
but omitted to state that the universe would continue to expand before it contracts; while in
statement 3 some candidates omitted to state the final point in that the universe would stay
at that size.

Unfortunately, some remembered some physics but got the ‘greater’ and ‘less than’ the
wrong way round, suggesting recall rather than understanding.

In (ii) many candidates appreciated that the presence of dark matter was a source of
uncertainty, but often failed to explain that it is the uncertainty in the amount of it that is
crucial.

Alternative 2 in the mark scheme was the most common approach. For MP1, a minority of
candidates stated that the amount of dark matter is uncertain, and for MP2 a small minority
stated that dark matter has no interaction with electromagnetic radiation. However, it was
more common to see references to dark matter being undetectable, which is not quite the
same thing.

(d) Hubble's law is seen as one piece of evidence supporting the Big Bang theory of the
origin of the universe. In this theory the universe has been expanding ever since it
was created 14 billion years ago.

(1) Describe how you would expect the average density of matter in the universe to
affect its ultimate fate.
(3)

ENEONENQGE. GENSIkY. . OF MNGXIES  SEERCES. YNE Aoy LG lunah. ...

RO e ADIVEISE . LE e . OwErOge. NSy, 15, eS8
it @upond, Qo evel j:
e, NS L Cncicod | GENSLNY. . ENEAIANIVEISL IS Gpen alE e

OMEEGe. denSing. 18 mert. £hadl Sne. Crisical densiky, the .

saniverse S closed (ol shink — e big cranch ). ok if ke,

O eroge ddenSitvy = COLICU NSty o INEN. SNE nnerse 1s. Hlax,
Codl rfemaodn Surme  ST2€ for ener ) |
(11) It is difficult for scientists to estimate the average density of the universe reliably.
Explain why.
(2)

 Peteuse—ooe—eSrorTeS o \jwﬁimﬂ el h“w S

oAU contE e Seen Gl i OoeShiE. emis. eleCremagrehc

Loadh ey aadnudhy Chm}gé‘i&!\.. e _denSiky wi-the canwesSe oS .

SCBTHSYS Con e occount  fer k. (Total for Question 16 = 13 marks)
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A
ﬁ ResultsPlus OO ResultsP

Examiner Comments Examiner Tip

In the response to (i) there is enough for MP1 and

MP2 (although reference to the ‘big crunch’ is not very
descriptive, the idea that the universe will shrink in size
is clear). The final statement is not enough for MP3 to be
awarded, although it comes close.

Part (ii) gains both marks via route 2 in the mark scheme.

Ensure that you always use
appropriate specialist terminology
when giving descriptive answers.

{d) Hubble's law is seen as one piece of evidence supporting the Big Bang theory of the
origin of the universe, In this theory the universe has been expanding ever since it
was created 14 billion years ago.

(i} Describe how you would expect the average density of matter in the universe to
affect its ultimate fate.
(3)
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(i1) It is difficult for scientists to estimate the average density of the universe reliably.
Explain why.
(2)
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A
ﬁ ResultsPlus OO ResultsPlus
Examiner Comments Examiner Tip
Read through your answers

to ensure that what you have
written makes sense.

This response seems to have been written in a hurry, with key words
omitted from the description. Part (i) does not gain any marks,
although part (ii) has enough for MP2 of route 2 in the mark scheme.
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Question 17 (a) (i)

The majority of candidates were familiar the underlying equations, although some
introduced an arbitrary minus sign during the derivation, not appreciating that it is
present in the equation for the restoring force. When explaining the significance of the
minus sign, the main omissions were candidates referring to ‘displacement’, rather than
‘displacement from the equilibrium position”.

Candidates should understand that because displacement does not have to have a central
datum point it is incorrect to state that ‘force direction is in the opposite direction to
displacement’. It is for this reason they must refer to the ‘equilibrium’ or ‘rest’ position.

Question 17 (a) (ii)

A large number of candidates were familiar with the underlying equations of SHM, however
it was often not clear how they had determined that w? = k/m.

Some candidates who went wrong tried to fiddle their working to get to the final stated
equation.

(a) (i) The trolley is displaced towards one of the supports through a distance x and then
released. Show that the initial acceleration of the trolley when it is released is

given by a = ke and explain the significance of the minus sign.
m Y
(<)
. &
fFrma = =
= — &>
] :
T deieo e eehen

Tlﬁl =Y 51-1:::..95‘- ‘H\o"l‘ &C-C.\ﬂrajr‘;l:?f"' e ode of’?:&‘-\e'/\ ‘o EofM :

-~

(ii) Use the expression in (i) to show that the trolley will oscillate with a time period
T given by

Plus
Examiner Comments Examiner Tip

In (i) there is enough for 1 mark, but the explanation of
the significance of the minus sign is not enough for MP2.

In (ii) all 3 marks are clearly present.

In SHM displacement has to be
from the equilibrium point.
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Question 17 (b) (i)

This was well answered, with the vast majority of candidates scoring full marks.

Question 17 (b) (ii)

Most candidates were familiar with the shape of this graph, and a very good number went
on to correctly indicate 0.6 Hz as the frequency that the maximum amplitude would occur
at. However, very few candidates indicated that the graph would have a sharp peak, with
many drawing wide curves in spite of being told to ignore the effects of damping.

(ii) Sketch a graph to show how the amplitude of oscillation of the mass would vary
with the frequency of movement of the building. Ignore the effects of damping.
(3)

>

Amplitude
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ResultsPlus

Examiner Comments

This is a well-drawn graph with a sharp peak at the correct frequency.
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(ii) Sketch a graph to show how the amplitude of oscillation of the mass would vary
with the frequency of movement of the building. Ignore the effects of damping.
(3)

»

Amplitude

I A \
nu T 1 —»

0 2 4  Frequency / Hz

OO ResultsP

Examiner Tip

ResultsPlus

Examiner Comments

Take care when sketching graphs - all essential
features must be correct. It may help to draw
guiding points to help you draw the curve.

This graph scores no marks. The shape is poor,
and the peak does not correspond to 0.6 Hz.

(i) Sketch a graph to show how the amplitude of oscillation of the mass would vary

with the frequency of movement of the building. Ignore the effects of damping.
(3)

>

Amplitude

| T >
2 4  Frequency / Hz

ResultsPlus

Examiner Comments

This scores 1 mark, as the peak is too broad
and it doesn't correspond with 0.6 Hz.
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Question 17 (b) (iii)

The vast majority of candidates understood the effects principle of damping on the
amplitude of oscillation. Candidates often then went on to discuss this in terms of energy
transfer, but often introduced ambiguity into their answers with vague statements (such

as ‘kinetic energy is transferred’ rather than ‘kinetic energy is transferred from the system
to the surroundings’). Many did not refer to the mass/spring system at all so gave little
evidence of understanding of what was happening in the context of the question. A few
understood the idea of energy dissipation so got all 3 marks. The more able candidates were
able to refer to energy being removed from the system, although most were not sure where
the energy was been removed from.

(iii) In order to be effective the mass-spring system needs to be damped.

Explain what is meant by damping in this context and suggest why damping is a
desirable feature of the mass-spring system in a tall building.

3)
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<Eﬂ ResuitsP

FIUS Q
Examiner Comments (- ReSUItSWUS
This response gains MP1 for reduction in Examiner Tip
amplitude, but there is no reference to energy Always base your explanations on
at all and so no further marks can be awarded. physical principles.

(i1i) In order to be effective the mass-spring system needs to be damped.

Explain what is meant by damping in this context and suggest why damping is a
desirable feature of the mass-spring system in a tall building.
(3)

He builuny vl less Wiyorawsly,
(Total for Question 17 = 14 marks)
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ResultsPlus

Examiner Comments

There is enough here for MP1 and MP2, but it is not clear that
energy must be dissipated and so MP3 is not awarded.
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Question 18 (a) (i)

Given that candidates were provided with a very clear diagram this was not answered as
well as expected. The most common errors were using 'H instead of the isotopes of tritium
and deuterium, and an ‘inverted equation’ with nucleon (mass) numbers written on the
bottom line and proton (atomic) numbers on the top line.

Question 18 (a) (ii)

Although this should have been a straightforward calculation there was evidence of a lot
of poor arithmetic. This included incorrect subtractions and only working out one side of
the equation. A large proportion of candidates did not know what to do with the c?, and so
multiplied the result of their subtraction with it to obtain an impossibly large answer.

Question 18 (a) (iii)

Many candidates correctly identified that momentum was conserved and knew that the
smaller mass of the neutron was crucial to the answer. However, many failed to relate this
to a relevant equation, and so failed to score more marks.

(iii) Explain why most of the energy released in the fusion of one deuterium nucleus

with one tritium nucleus is transferred to kinetic energy of the neutron.
(3)
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ResultsPlus

Examiner Comments

This is a good response and gains all 3 marks.
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(ili) Explain why most of the energy released in the fusion of one deuterium nucleus
with one tritium nucleus is transferred to kinetic energy of the neutron,
3

TR OpUNTULm bejore st pt 04 wal D fiae mamtnKAm ol -
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This says enough to gain MP1 and MP2, but omits a reference to kinetic
energy depending upon velocity squared and so misses out on MP3.

OO ResultsPlus

Examiner Tip

Wherever possible relate answers to descriptive
questions to clearly stated relevant equations.

(iti) Explain why most of the energy released in the fusion of one deuterium nucleus
with one tritium nucleus is transferred to kinetic energy of the neutron.
(3)
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ResultsPlus

Examiner Comments

This response illustrates a fairly typical
way in which MP2 and MP3 can be lost.
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Question 18 (b)

A very well answered question. Most candidates were able to use the equation t, = In2/I to
determine the decay constant, and most then went on to use the exponential relationship
for decay to gain 1 mark. Some candidates incorrectly determined a value of N/N, of about
0.9, hence missing out on the mark for the final answer. Many candidates gave themselves
extra work by converting to seconds and then back again. This sometimes introduced
calculation errors into the solution.

Question 18 (c)

This question was not answered well, with most of the answers seemingly prepared from
previous papers. An award of full marks was very unusual for this question. Whilst most
candidates were familiar with the process of nuclear fusion they were often unfamiliar with
it outside the context of stellar nucleosynthesis, and thus often were not awarded marks
due to a lack of relevant detail.

Some candidates provided a stock answer relating to a fission reactor and many failed to
see that a chain reaction was not possible in a fusion reactor. Only the more able candidates

talked about containment.

When marks were awarded it was usually for ‘very high temperature’ and ‘strong magnetic
fields’.

*(c) The article states that “it would be inherently very safe, and would not produce any
significant radioactive waste.”

Comment on this statement and outline the technical difficulties of producing a

practical nuclear fusion reactor.
(5)
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Examiner Comments

The 2 marks awarded for this response are for MP3 and MP4. There
is a reference to heat being lost if the plasma were to touch the
container walls, although the key result (that temperature would fall)
is not mentioned. References to the need for a high collision rate
and overcoming the large electrostatic forces between nuclei repeat
marking points from previous mark schemes for different questions,
and do not relate to the context given here.
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OO ResultsP!

Examiner Tip

us

Try to relate questions to theory relevant to the context.

*(c) The article states that “it would be inherently very safe, and would not produce any
significant radiocactive waste.”

Comment on this statement and outline the technical difficulties of producing a
practical nuclear fusion reactor.
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ResultsPlus

Examiner Comments

This response says enough for the first 3 marking points,
although the issue of containment is not explored in sufficient
detail for any further marks to be awarded.

GCE Physics 6PHO5 01

31



Paper Summary

Based on their performance, candidates are offered the following advice:
e Ensure you have a thorough knowledge of the physics for this unit.

e Read the question and answer what is asked.

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

e Show all your workings in calculations.

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