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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 questions 13b, 16a, 17aii, 17¢, 18aiii and 18bii 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
qguestions, with accurate solutions which were clearly set out. Occasionally in calculation
qguestions 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 12b, 16a and 17c 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.

Scientific terminology was used imprecisely and incorrectly in a number of responses seen
on this paper.

Once again 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.

The space allowed for responses was usually sufficient. 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 8 of the questions
having 50 % or more correct answers. In order of highest percentage correct they were
Q1(95%), Q3 (91%), Q7 (82%), Q8 (79%), Q9 (72%), Q6 (70%), Q10 (60%), Q4 (60%), Q5 (32%)
and Q2 (21%).

There was some evidence of candidates learning previous mark schemes in the expectation
of earning marks. 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

Almost all candidates realised that this question required use of the equation for the
Doppler shift of electromagnetic radiation, given in the List of Data, Formulae and
Relationships at the back of the question paper. It is clear that there was a significant
minority who were confused about which of the two values of wavelength they obtained
from the images corresponded to A in the equation, being unaware that A is the value
of wavelength measured in the laboratory. They used 590 nm in the denominator and
as a consequence, scored only 2 of the possible 3 marks. It is possible that they had not
thoroughly read the introduction to the question above the images.

It was surprising how many could not correctly read the scale in the two images, recording
the wavelengths as 600 nm and 595 nm and some identifying AA as 1 nm or 10 nm.

They seemed to be unaware that the numbers on the scale correspond to the longer lines
on the scale. These candidates could still score the second marking point and sometimes
also the first.

11 The two images show a small part of the spectrum produced by helium. One image is a
spectrum produced in a laboratory and the other is a spectrum produced by the light from
a star.

Both images contain a bright yellow line. In the spectrum produced by light from the star,
the yellow line is shifted in wavelength.

spectrum produced in a laboratory spectrum produced by light from a star

Calculate the magnitude of the velocity of the star relative to the Earth.

AF AN
F c
______ c00am - 5ABam _ v
600a0mM 2 % 10% ms™!
v _ |
I R

V= 26800000mg!  ® 2.Bxt0¢ms !

Velocity of star = 2.%% 16° ms”!
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ﬁ ResultsPlus

Examiner Comments

The scale has not been correctly read, although the
difference in the two wavelengths is 5 nm. Values have

been substituted but the final answer is incorrect. This
scores the first 2 marks.
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Question 12 (a)

It was anticipated that candidates would realise that since molecular kinetic energy is
proportional to temperature and the temperature is the same for both krypton and xenon,
mass is inversely proportional to the mean squared speed, i.e. that the problem would be
solved using ratios. However, some candidates who attempted this method thought that
mass was proportional to the mean squared speed and so scored no marks. Those who
equated expressions for the kinetic energy of krypton and xenon were usually successful.

A number of candidates used the data given for krypton to calculate the temperature inside
the glass bulb, then used this temperature to calculate the mean squared speed of xenon,
scoring both marks.

Some estimated a temperature then used the mass of xenon, to find its mean squared
speed. They did not use the data for krypton and so scored a maximum of 1 mark.

A few candidates looked up the value of the Boltzmann constant in the back of the question
paper and used the Coulomb’s law constant instead. This should be pointed out to students
as a potential error to be avoided.

(a) The glass bulb contains a mixture of krypton gas and xenon gas at room temperature.

The mean squared speed of the krypton molecules is 8.72 x 10* m? s72,
Calculate the mean squared speed of the xenon molecules.

mass of 1 molecule of krypton = 1.39 x 107 kg
mass of 1 molecule of xenon = 2,18 x 107 kg

(2)
2
4D 3138075292862 = Gcanodmsd mA2
2 2 ~25
13216
Mean squared speed =...9.5 0% 1 Qtl . P 872

ﬁ ResultsPlus

Examiner Comments

This response scores both marks. The candidate
has calculated the temperature using the data
for krypton, then used that temperature to find
the mean squared speed for xenon.

IAL Physics WPHOS5 01



?fskf

(a) The glass bulb contains a mixture of krypton gas and xenon gas at room temperature.

The mean squared speed of the krypton molecules is 8.72 x 104 m? s2,
s
Calculate the mean squared speed of the xenon molecules.

mass of 1 molecule of krypton = 1.39 x 107 kg
mass of 1 molecule of xenon = 2.18 x 10 kg

(2)
_‘Lumx‘ <C > k—':-

-<_¢?____‘-.._3’—_‘“ 3X10 XM‘B

w2 mnie w5

L%
Mean squared speed =... 966 X0 ... ms?

ﬁ ResultsPlus

Examiner Comments

In this response the data given for krypton has
not been used, a temperature of 298 K has
been estimated and used to calculate a mean
squared speed for xenon. This scores 1 mark.

OO ResultsPlus

Examiner Tip

Candidates should be encouraged to
think carefully before ignoring given data.
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Question 12 (b)

Questions asking candidates to explain pressure changes in terms of molecular momentum
changes have been set previously. Many responses gave the right physics principles but
lacked sufficient detail, or failed to make their points with sufficient clarity or did not use the
correct terminology. References to particles instead of atoms or molecules, collisions
between molecules rather than with the glass bulb, and the change in momentum rather
than the rate of change of momentum were seen all too frequently.

*(b) When a current flows through the filament, the gas in the bulb heats up and the
pressure exerted by the gas increases.

Explain, including ideas of momentum, why the pressure exerted by the gas increases.
(4)
X When dpe euib, .“.'-‘CA-}S.....LFP.....4.?!‘1?1'.‘-.!.‘3.'}!-1{{_...l.‘.’?.‘.r‘?"?‘.‘e‘.fﬁ:....Wﬂ.fmae..?ﬂﬁﬁ*@..?@*.%& k..

e _molecule mrmfr‘:(‘;l'r-gEhoﬂ)

% e Speed of e moleailes Wncreases . F\‘r:'.-?tmnﬁ.ti...?{..C?HI_HE?!?.S_.. Wewaces . (bo Collizion

4 Fade oF..chanae. of. mementum . \neriages.. Feoree pec unit

avea, Wereaces, (0= F N
S

. Nence, Pressure Wereases i

ﬁ ResultsPlus

Examiner Comments

A clearly set out response that scores 2 marks.
The candidate has not said either that it is

the collision rate with the glass bulb that has
increased, or that it is the force on the glass
bulb that has increased.

A

ResultsP

Examiner Tip

us

A bulleted list is often helpful
when outlining a process.
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ﬁ ResultsPlus

Examiner Comments

This scored 3.

The candidate has referred to gas particles instead of
the atoms or molecules required for both the first and
the second marks. They have included all the other
points required. They have lost only one mark.
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Question 13 (a)

Part (i) was well answered with most candidate scoring full marks. Some candidates failed to
notice that the number of seconds in a year was given in the question and so wasted time
calculating it for themselves.

Part (ii) required the use of Newton’s law of gravitation, but some candidates could not
identify this law and attempted to use the expression for gravitational field strength instead.
This approach could score no marks. Many correctly equated the gravitational force with an
expression for centripetal force and could derive the expression w? = GM/r3, but omitted to
say that w?is only inversely proportional to 1/r*because G and M are constants, thus failing
to score the second mark.

Part (iii) asked that the expression in (ii) was used, with the expectation that this would
prompt candidates to realise that w?r* would be the same for the both the Sun and the star,
which taken with the value of the angular velocity of the Sun from (i) gives a straightforward
solution. The common error for many students was to use the diameter of the galaxy
instead of its radius and so they could score the first mark only.

However, many candidates took a longer route, calculating a value for the mass of the
nucleus of the Milky Way from the Sun'’s data and then using this to find the angular velocity
of the star. This approach could score both marks.

(a) The galaxy is rotating about its centre and astronomers estimate that the Sun makes
one complete revolution every 240 million years.

(i) Show that the angular velocity of the Sun w__, about the centre of the galaxy, is
about 8 x 107" rad s™'.

| year =3.15 x 10’s

e AOSn = QY = Qar (Mev)
T (Quoner)( 2,154\C )

- Rt s )

ResultsPlus

Examiner Comments

This is a correct solution scoring full marks.
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(iii) Use the expression from (ii), together with the value of w._ from (i), to calculate
a value for the angular velocity w__of a star similar to thc Sun but located at the
edge of the Milky Way.

diameter of galaxy = 100 000 light years

(2)
s 1 a 3
laFeam OO star %X Cavay =T mt:.u'\ ."_‘YSu"l e,
[y ) 7}
o%rar = (B.31%16 © “(Q-IOC:O&L 3% 10 % 3-15x10
ot (\000007‘-3""«0!”"3 '.'51:10"')
=
-6
g by Ly = ARG eo=)1,35x10 =\.1g%106
117 TS
o, =. 482 X10vadz!
ﬁ ResultsPlus
Examiner Comments
In part (iii), this candidate has used the diameter
instead of the radius but their method is correct
and so it scored 1 of the 2 marks.
(2)

- _‘Jb)l-'- & 2 = Cﬂ.
(2 ‘sxtD;;_km,w@_ﬂg

e

Mgun Q?ﬁ.lb 2!0'?’) Sfmxro% - C"‘G; 43xo® 3

(eoigeox3o%e)
&LJ w3 w _=..| DR.%. |D"’3"JL9A3

_32000 owds'

w

star

ﬁ ResultsPlus

Examiner Comments

Part (iii). This is an example of a candidate who has used
the expression w?=GM/r* and the data for the Sun, to find

a value for M. They then repeated the calculation for the
star, remembering to divide the diameter by 2 and arriving
at the correct answer. It scored 2 marks.
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Question 13 (b)

Whilst some candidates realised that the question is hinting at the existence of dark matter,
only a few realised that there must be greater gravitational forces and thus that the mass of
the galaxy must be greater than expected and it is this that leads to the conclusion that
there is dark matter. Those that did realise that it is something to do with mass thought it
was the mass of the Universe or the mass of the stars which they had already been told
were similar to the Sun. There were many varied attempts to explain the observation
including attempts to use the equations from the earlier parts of the question, red shift, the
expanding Universe and suggestions that the measurements were incorrect none of which
scored any marks.

(b) In fact, stars similar to the Sun, but further away from the centre of the galaxy, are
observed to have angular velocities that are all approximately the same.

Explain what astronomers can conclude from these observations.

34“*}7
B uju /aoﬁly 16 L. z:mc@erf/Za

Plus

Examiner Comments

A rare good answer worth 2 marks.
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Question 14 (a)

This is a standard definition, and candidates should be ready to state this without difficulty.

However, it was common to see just the second mark being awarded. This suggests that

an incomplete definition has been learnt. It is essential to specify where the displacement

is measured from for the first mark. A statement that “acceleration is proportional to
displacement” is only a condition for simple harmonic motion if the displacement is

measured from the equilibrium position.

(a) State the conditions for an object to move with simple harmonic motion.

o ﬂ‘ﬁ....te;.ﬂf.{w_q_JL___‘_{’?H_{___ is.. JHEL‘LH - ptoper ti.dnﬂ{. o .ﬂn..E.....st..lo]mg...mtnf and
.....n.lw.a.\l'5....{%;!&...ﬂs..eq.w.n’.,.brium POSTEION.

ﬁ ResultsPlus

Examiner Comments

This response scored 1.

The candidate has not said where the
displacement is measured from, but
the second mark was awarded.

(2)

Results¥

Examiner Tip

us

Learn the conditions for effects
such as s.h.m., resonance etc.
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Question 14 (b)

The majority of candidates made a good attempt at this question with most scoring marks
in both parts.

Part (b)(i) is a ‘show that’ question and so it is essential that all stages in the working are
shown. The 'show that' value of 2.6 Hz is given to 2 significant figures which means that the
final answer must be to at least 3 significant figures and intermediate working should be to
more than this. Early rounding can lead to an incorrect answer.

Show that the arms oscillate with a frequency of about 2.6 Hz,
(3)

fove.= 189 41a2t14) _ 19.0%s

37 Fer

| .
B o S P AU # L¢3 YL x 0. -
/7(—‘ 1 fj lq 0%

.............. ov 5o oscitiakon <0052 RN D £ 201 HE (chown)

ﬁ ResultsPlus

Examiner Comments

In this response the calculation of the mean time for 50 oscillations has been
correctly done, but the calculation for frequency has used this time instead of the
periodic time and has been rounded to 2sf. The candidate has then realised that
their value of frequency is too small and finally multiplied by 50. The final answer
is incorrect because of the earlier rounding. The response scored 2 of the 3 marks.

IAL Physics WPHOQ5 01



In part (b)(ii), most candidates realised that the maximum speed in s.h.m. is given by v=-Aw
and could calculate w using the frequency from part (i). However, many thought that the
amplitude was 0.75 cm instead of half this value. Those that attempted to use v=-Awsinwt
were almost always unsuccessful, being unable to identify the time as 7/4 and failing to set
their calculator to radians.

(ii)) From the top to the bottom of the movement, the hands travel a distance of 0.75 cm.

Calculate the maximum speed of the hands.
(3)

100

=
Maximum speed of hands = 0122 "™M§ |

< ResultsPlus

Examiner Comments

The calculation has been attempted in one go, with the correct
values to find w and the correct conversion from cm to m.
However, the value used for amplitude is twice the actual value
so the final answer is incorrect. This scored 2 marks.
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Question 15 (a)

This was a straightforward use of the ideal gas equation and was answered well by most
candidates. A small number did not realise that they needed to convert the temperature
unit from Celsius to Kelvin, and a few incorrectly added a final unit of mol.

P ————

(a) A basketball is filled with air at a pressure of 1,55 x 10° Pa and at a temperature of 20°C.

Calculate the number of air molecules inside the basketball.
—
(3

f’\/’: MNET T 20 +273 =293k
ST ioSx B Bx1072 2 N« /[ 2dxi07F x2T3

ResultsPlus

Examiner Comments

An example of a well set-out correct
solution scoring 3 marks.

Question 15 (b) (iii)

This should have been a straightforward mark for most candidates but it was surprising how
often the mark was not awarded. We were looking for the idea that no thermal energy was
transferred to the surroundings, something that has come up many times in the past. In

this case because of the wording in the question paper introduction to (b) we also accepted
that the ball always rebounded to 1.40 m. Common responses that did not score included
reference to no air resistance or no energy lost.

Question 15 (b) (i) - (ii)

There were many good attempts at this question which included understanding of
gravitational potential and kinetic energies and use of specific heat capacity.

In part (b)(i), most students realised that the difference in gpe between when the ball was
dropped from 1.80 m and when it had rebounded to 1.40m would give them the required
maximum decrease in kinetic energy and solved the question with one simple calculation
using AE=mgAh.
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(b) A standard basketball rebounds to a height of between 1.40 m and 1.60 m when
dropped onto a hard surface from a height of 1.80 m.

(i) Show that the maximum allowable decrease in kinetic energy during the bounce is
about 2.4 J.

3)

oy (h ha)
;)621‘1%\ { g - 1)

.-""-...’

ResultsPlus

Examiner Comments

A clearly set out response that scored 3 marks.

COPErmgl o voah e 1000%8 T (s bekn)
4
ek decneanc,. hmmhﬁ&lgsmw Chettm)

R ke jan-es s
x24T
L enaX ) . a.!fawa-ue clﬂﬂﬂec- EIX "-}_CT

ﬁ ResultsP

)y

us

Examiner Comments

This candidate has worked out the two values of gravitational
potential energy separately but then rounded their values to
1 decimal place. When they did their subtraction they had a
final answer to 2 significant figures, one less than is required
in this 'show that' question.

IAL Physics WPHO5 01
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In part (b)(ii), there are two possible initial approaches: either to calculate the energy
required for a temperature rise of 0.5°C or to find the temperature rise for one drop. Many
candidates were muddled about which value of energy they should use from part (i), failing
to realise that it was the maximum decrease in £, i.e. the answer to (i) that should be used
to find the number of drops required.

Some candidates attempted to change the given temperature rise to Kelvin showing a lack
of understanding of Kelvin and Celsius temperature scales. Some added the 0.5°C to an
estimated room temperature, showing a lack of understanding of the A8 term.

(ii) The specific heat capacity of the basketball can be taken to be 1170 J kg™ K.

Calculate the number of times a standard basketball must be dropped from 1.80 m
to increase the temperature of the basketball and the air inside by 0.5°C.

(3)

£

SE S © SE < I =0\ SR 0 W T = TS SN = B M

SRS ¥ -~ NE Y SR W Yo WHE e T S
A M3

Number of times basketball must be dropped = . ASO Yimes. .

ﬁ ResultsP!

Examiner Comments

all 3 marks

In this response which scored 3 marks, the total energy needed
for a temperature rise of 0.5°C has been calculated, then
divided by the value of maximum decrease in kinetic energy
from part (i) to get an answer of 149.26. This candidate has
realised that there would need to be 150 drops to achieve the
required temperature rise and so rounded up to 150 drops.

A final answer of either 149 or 149.26 would both have scored

us

IAL Physics WPHOS5 01



LR43 J = eé20x HUFOXxHG
Ry3 = AG = 23.3S xi0-°"C — ibownce.

.8.3¢xV0°3°C - ) bounce.. | 05 s 44

0.-{°C - 7 S 2385x10°°

Number of times basketball must be dropped = ... 149 bounces

<Eﬂ ResultsPlus

Examiner Comments

In this response the temperature rise for one
drop of the ball has been correctly calculated
using the value of AE, from part (i). This value
has then been used to find the total number of
drops required. The response scored 3 marks.

IAL Physics WPHO5 01
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Question 16 (a)

This question required careful consideration before answering if any marks were to be
scored. It was clear that many candidates did not understand that if, as the questions
stated, the metallic instruments in their sealed plastic packaging were passed in front of

a radioactive source, the instruments could only be thoroughly sterilised if the radiation
passed through to the back of the instruments. In other words that gamma radiation would
be necessary. Many candidates thought that beta would be the most suitable. In general,
although some understanding was shown, answers lacked sufficient, appropriate detail to
score.

Many candidates simply gave as much information as they could about the penetrating
power of alpha, beta and gamma radiation, often at a very basic, GCSE level. At A level, the
relevant property of the radiation is its ionising ability which in turn dictates the penetrating
ability. It was expected that candidates should relate their knowledge to the context, for
example, that alpha radiation would not penetrate the plastic packaging. It is irrelevant to
comment that alpha is stopped by paper. There was a clear misunderstanding, probably
from an oversimplified approach to the topic at GCSE level, that gamma radiation is stopped
by a few cm of lead.

*(a) By considering relevant properties of each type of radiation, determine whether a, p,
or y radiation would be most appropriate for this method.
(4)
Lo radiaken has the mosk lonistng power but i
range s short and eatily stupped by a few centimetres in

aiv. B radioton has a moderate (onistng power and f

can be  stopped by an aluminium Foil.5o it can pas

Aough  plastic package but not thwugh the instrioments.
_Yvadiahon has  the peart (onising power but wiHl_—b.its

count vafe ‘j"ﬁacwu by o few metres of leador concrele-

S0 T yackiaten 3 the moast guitable ar 1t can pau throush

Plus

Examiner Comments

This response scores the first 3 marks.

IAL Physics WPHOS5 01



Alpha has  \ow Pentraring  Pewwer and 'Lmoh‘m l'on".ﬁ{n_}____

JBeda hes  waediaw  pengkvorking  Dow er  and  medium

lonisad W‘LG} o Cgnmuna  las 'V\"J, W pene .#.r.a.%.!?.mi o POEY.

Aand  low 1on rs:u}far .S eviiisy w.j.........’.".‘”.‘f.-.%a:ﬂ.ff i .S.I‘.-J'!’.’t?,f._t_’. el

lvsdrurend Goamn . ¥OYS. Aeuld be e ppecd

CApprepriate. fer fn. . ratthed.  Easily . passing. Through

B ﬁn‘, e f? lastic. Pckag es ad thro ujb othe  instrame Ak S

ﬁ ResultsPlus

Examiner Comments

This response scores 1.

It begins with three general statements about alpha, beta and
gamma radiation which whilst they are correct, are too general to
score any marks in this question. However, they have identified that
gamma would be the most suitable because it will pass through
both the packaging and the instruments, thus scoring the 3rd mark.

Question 16 (b) (i) - (ii)

This question enabled the majority of the candidates to demonstrate their ability to
successfully complete calculations using the decay constant and the equation for
radioactive decay.

In part (ii), most candidates used the value of the decay constant that they had already

worked out with units of s, giving an answer for the time required for the decay in seconds,

that then had to be converted to years. A few realised that using a value of the decay

constant in year' would make the calculation simpler and give an answer directly in years.
Almost all the candidates who could substitute correctly into the decay equation were able

to use logs to solve it.

Question 16 (c)

Candidates were expected to use their experience of using radioactive sources or seeing
them demonstrated to answer this question. Answers gleaned from TV or movies relating

to the sort of precautions required when handling highly radioactive materials were not
credited.

IAL Physics WPHO5 01
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Question 17 (a) (i)

This was generally answered well, with most candidates scoring 2 marks. There was a small

minority of responses that had incorrect proton or nucleon numbers for the alpha particle.

Question 17 (a) (ii)

Many candidates did not appreciate that the question was asking for a comparison between

the two products of the decay and attempted an explanation in terms of binding energy.
Those that did realise that they needed to consider the momentum of the alpha particle and
the neptunium nucleus, usually could not express their ideas with sufficient relevant detail
to score more than the first mark. Even this mark was not scored by some candidates

because they referred to alpha being ‘smaller’ than Np, instead of comparing the masses.

*(i1) Explain why most of the energy released in the decay becomes kinetic energy of
the a-particle.

'T:’f‘j‘ (3
Abﬂﬂvﬂm‘fw lu.ﬁrﬂ mission = 0 .

Aﬂa{ Ehlssion, The. momemtim. o—f UF mqm‘f'm @L o< ﬁm":ﬂm

As teell momenfia. .ﬁ’_‘r){_‘f’q__%tmm__;_n_,_(_ Ihvm&Tunu-! }Uf - Momea Tua, _a.f_ai_-faffl’;fag :.0.)
%As M¢7(Nf15>7%n7'd'f¢dr S
W.lacl'[’ ,J- ot portide vy Vduuf& 7[,/\./?

As. ﬁﬁ 04 Vé/ﬂufg,t .«7{.;47//“&&@ se. MJTW inot fMﬁJe }tm

ﬁ ResultsPlus

Examiner Comments

Using the first version of the mark scheme, this response scores the
first 2 marks. It is acceptable to use the mathematical symbol for 'much
greater than'. The final statement is not correct as KE is proportional

to velocity? and they have not said that the kinetic energy of the alpha
particle is much greater than that of the neptunium nucleus so the
third mark is not scored. It was common not to be able to award

the final mark because candidates simply repeated the stem of the
question, that most of the energy becomes the kinetic energy of the
alpha particle, even though they may have otherwise satisfied the
conditions for the mark. The idea of 'much greater' was essential.
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ﬁ ResultsP
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Examiner Comments

The response includes a comparison of the mass of
alpha and neptunium and so scores the first mark.
Although they have quoted a relevant equation, p has
not been defined and they have not stated that the
kinetic energy of the alpha particle is much greater
than that of the neptunium nucleus.

Question 17 (b)

There were many good responses to this question with the process of finding a mass defect,
converting mass to kg and using AE = ¢c?Am to find the binding energy in Joules being clearly
understood. Disappointingly, many able candidates forgot that they had been asked to
calculate the binding energy per nucleon and omitted this final step, thus reducing their
maximum possible score to 3. Some candidates did not understand that they only had to
consider the americium nucleus and its components and tried to include the neptunium
nucleus and the alpha particle as well. The first mark was given for a realistic attempt at
finding the mass defect, not necessarily an absolutely correct one.
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Question 17 (c)

This question proved very challenging, showing that this topic is poorly understood. Many
responses referred to binding energy instead of binding energy per nucleon. Some simply
described the shape of the curve. Those that did attempt to explain what fission is,
described a large nucleus splitting to form smaller nuclei instead of explaining that it is the
mass of the products that is smaller. Some candidates did score the second mark by stating
that the binding energy per nucleon of the products of fission is greater. Those that
attempted to explain why large amounts of energy are released often confused this
situation with fission in a nuclear reactor where the rate of fission is very high.

(c) The graph shows how the binding energy per nucleon varies with nucleon number for
a range of nuclides.
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Use the graph to explain why the fission of nuclei with large numbers of nucleons
releases large amounts of energy.
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Hence, large amounts of cnerqy are releas ston
feac frons. . (Total for Questlon 1‘?—12 marks)
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Examiner Comments

This response scores 2.
There is an attempt at the third mark with numerical data taken
from the graph, but the argument has not been taken far enough.

which hase (orge nuspers o nackeonss ©

DMy some. massive... nucker Y will..undergo... Fission....and..the. binding...

NGy, per.. nudeorL.. in...diginad. pucleus. . Is .. smaler: thal. ~the.

large. amowsts of  energy. e

% ResultsPlus

Examiner Comments

This response scores 1.

Although the nucleus that undergoes fission is referred to

as massive, the mass of the products is not mentioned. The
comment about binding energy per nucleon scores the second
mark. This candidate has confused this situation with that in

a nuclear reactor where the rate of fission is high.

A

“Uf@@t drw+w'g Tlr% W AL rclgin. Nnmber

binding_enrgy._per_nucieon. in. Jrayments.. s There. Is. Energy. releused.
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the rove....of . Alssion..1s.. 14213 b jh;S Jssion,... L. prodace.._....

onk | o Loy wogy cevmal spdy

OO ResultsPlus

Examiner Tip

<d\ !»"_‘f’:" us
Examiner Comments

This scored 0.

This is probably an attempt to describe
the shape of the graph although it does

Always read questions carefully and make
sure to use the correct technical terms.

not refer to binding energy per nucleon.
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Question 18 (a) (iii)

This question required candidates to think about the rate at which energy arrives at the
Earth from the Sun. The response of many revealed a poor understanding of the equation
for radiant energy flux F which they had just used in part (a)(ii).

Some responses suggested that the rate at which energy arrives at the top of the Earth’s
atmosphere is much less than F x A is because the energy is spread over a much larger area
invoking the inverse square law, not realising that this has already been accounted for.
Candidates who stated that the Earth reflects some of the incident energy had not read the
question carefully. There were many responses that suggested that a significant amount of
energy is absorbed by other astronomical bodies between the Sun and the Earth. This may
be true to a very small extent but the question specifies ‘much less than’ so is not a valid
answer.

Some candidates did realise that only half the Earth’s surface is illuminated at any time. Very
few candidates understood the physics well enough to realise that the equation for radiant
energy flux applies to a surface which is perpendicular to the radiation, and most of the
illuminated half of the Earth is not perpendicular to the incident radiation.

Question 18 (a) (i) - (ii)

Many excellent responses were seen to this question although some candidates only scored
2 marks of the available 3 in part (i).

Part (a)(i) asks candidates to use data from the graph, and it is essential to do this to score
all three marks. A significant number of candidates used the Stefan-Boltzmann law rather
than reading a value of L/A from the graph and so scored a maximum of 2 marks.

In part (a)(ii), almost all candidates identified the equation to use, substituted correctly,
could do the calculation and remembered to include the unit Wm-, thus scoring both marks.
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Question 18 (b) (i)

This question was accessible to almost all candidates and marks were lost only because
as a ‘show that’ question it is essential to show all stages in the working and some were
omitted or the final answer had insufficient significant figures. A few candidates managed
to incorrectly copy the constant in the equation for Wien's law.

(b) The Sun is often referred to as a yellow star.

(i) Show that the wavelength A__at which peak energy emission occurs for the Sun
is about 5 x 107" m.

at N A R
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ﬁ ResultsPlus

Examiner Comments

= SXNE e e

This response scored only 1.

The working is clear but it is necessary to give the final
answer to at least one more significant figure than the
'show that' value which this candidate has not done.

ﬁ ResultsPlus

Examiner Comments

This response scored 1.

A value for temperature has not been substituted.
The correct value must have been used because
the final answer is correct, but it is a 'show that'
question and all substitutions must be shown.
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Question 18 (b) (ii)

For the final question on the paper it was necessary to consider another aspect of the
radiation received from the Sun. It was anticipated that candidates would recall that the
Sun’s spectrum includes a range of wavelengths that peaks at 5 x 10”7 m and could base
their answer around that.

Although many candidates had the right idea, they often could not express themselves
with sufficient clarity to score a mark. There were a number of responses that suggested
that white light has a specific wavelength, and that the peak wavelength is closer to the
wavelength of white light than yellow light. Others suggested that yellow is outside the
visible spectrum. These are worrying misunderstandings at this level.

Other incorrect responses cited the expanding Universe or Doppler shift as the reason.

(11) The visible region of the electromagnetic spectrum extends from a wavelength of
about 400 nm to a wavelength of about 700 nm.

Suggest why light from the Sun is white rather than yellow.
(2)

Qe uahk- oo o Doy *f’mt——qua __olmost in. Thﬂm?dellﬂnbm o
viaiole Spactrurn., .. ’Iha...hs.hr..emf.H{d....ﬁs...cL..mana,o_’......c?b._wb.ﬂbb_

ResultsPlus

Examiner Comments

This response scored 2 marks
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Paper Summary

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

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

Read the question carefully and answer what is asked.

For descriptive questions, take note of the marks available and include that number of

different physics points.

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
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