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Introduction

The mean mark on this paper was 5 marks higher than that for the equivalent unit paper
in summer 2016. The majority of this was due to the fact that the multiple-choice questions
were answered much more successfully.

Question 7 was the only multiple-choice question that less than 70% of the candidates
achieved the mark for.

Most of the marks in the section beyond the multiple choice were accessible, although
some candidates were finding it difficult to apply their understanding to scenarios that were
different to those that they had seen in previous papers. In particular, Questions 15 and 17
saw students giving answers that were reminiscent of acceptable responses to questions on
other exams.
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Question 11 (a)

72% of the candidates achieved this mark, calculating the wavelength of a standing wave
from a diagram with three loops shown. Although the data given was in centimetres,
students commonly gave their answers in terms of metres. The common mistakes tended to
be multiples or standard divisions of the given 96cm, such as 48cm, 72cm and 144cm.

(a) Determine the wavelength of the wave.
(1)

= 0.6Am

ﬁ ResultsPlus

Examiner Comments

This candidate has converted the
answer into metres, which is perfectly
acceptable. This is a useful practice,
as if the value had been required for
a later calculation, metres would have
been the preferable unit for it to be
converted to.

Wavelength= . 0.64m..........
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Question 11 (b)

This question proved to be much more demanding, as it required candidates to recognise
how standing waves differ from progressive waves in terms of phase difference. If this had
been a progressive wave, the phase difference would have been somewhere in the region
of 270° or 31/2 radians, and this is by far the most common answer seen. However, for a
standing wave, any point between two adjacent nodes is always in antiphase with any point
between the adjacent node-to-node distance, so they are 180° or 1t radians out of phase
here (antiphase).

Many candidates chose to give more than one answer, and some decided to also give the
path difference. However, there was only ever a requirement for one answer to be given.

(b) W and X are points on the string.

State the phase difference between W and X.

18D° /&N

[ / _
N Results¥lus
/\ Examiner Comments

This candidate has given two different
answers. Unfortunately, one of them
is correct and the other is incorrect, so
the mark cannot be awarded.

us

< Results¥
\ Examiner Tip
If a question asks for the phase
difference between two points on
a wave, it is best to present a single
answer. If more than one answer is
provided, all of those given need to be
correct in order to score the mark.
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Question 11 (c)

The question was asking how a standing wave is formed. It did not state specifically that
this had to be the standing wave described earlier in the question, but many candidates
took this to be the case, so there were two alternatives to the first marking point as a
result. In general, the definition would discuss two waves travelling in opposite directions
and meeting. As the example earlier in the question had a wave being emitted and then
reflected back on itself, this was also accepted.

Whichever alternative, there needed to be some idea of superposition or interference taking
place in order to achieve the second mark, whilst the mention of how nodes and antinodes
are formed gained the third mark. Many candidates did not use the terms node and
antinode, and quite a few who did were confused as to which one represented a maximum,
and which represented a minimum.

(¢) Describe how a standing wave is formed.
(3)

';\"‘l'l"\"\ AN ok r}t‘lﬁh ".Nﬁ gurnpu\t i OunLio PO £ ,(ll"-hllf'h‘\fe

wwanber ente dagen  place ard Aol fore.,

ResultsPlus

Examiner Comments

A model 3-mark answer, clearly
describing all necessary aspects.

S‘Eam(ma._wam._..:T......}tcr.l;r.._.‘_vrmns%t_.._.._.._m«m._.o.ml Hhme..

ﬁ ResultsPlus

Examiner Comments

This candidate describes what a
standing wave does in terms of energy
transfer, rather than telling us how the
standing wave formed in the first place.
It gained no credit for this.
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Question 12 (a)

Similar questions have come up on previous examinations. However, although the mark
scheme was very similar to those used in the past, many candidates did not make their
answer clear enough. Some of the answers just repeated information given in the question
whilst a significant number of those failing to achieve the mark mentioned the need to avoid
interference taking place. Some candidates presented incomplete answers or some that
were incorrectly ordered e.g. “One wave is sent before the previous one returns”.

(a) State why it is necessary to emit the ultrasound in pulses.
(1)
Thznm.tpuﬁemustbcma&er rewﬁnj e preatous.. one. ;. O Continens, ..

ResultsPlus

Examiner Comments

A correct answer, using the first
alternative on the mark scheme.

e becewsse  F it wed epultid N (245 the.
detted me  cald inkedfere Lith te itciden) v

ﬁ ResultsPlus

Examiner Comments

The common incorrect answer,
discussing the possibility of
interference. This is not the reason why
ultrasound is sent in pulses.
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Question 12 (b)

Although a different scenario, this question is similar to many that have been asked in
previous series. Unfortunately, there were still a significant number who failed to recognise
that half of the time would be taken to reach the object that the signal was being reflected
from, and half the time would be taken to make the return journey. As a result, almost a
quarter of the candidates scored 1 mark, which was most typically scored by those who
used speed = distance/time, but failed to account for the factor of 2. The 9% of students who
scored 2 marks most commonly failed to include units on the answer. However, over 50% of
the candidates achieved all 3 marks.

(b) A ¢ar manufacturer Yaims that the sensors are able to detect objects fidm a distance
of 0.10m from the car.

Calculate the maximum duration of each pulse.

speed of sound in air = 340ms™'

(3)

ﬁ ResultsPlus

Examiner Comments

This candidate appears to be
attempting to use the wave equation,
which is obviously incorrect physics.
The distance provided in the

question is not a wavelength, so it is
inappropriate to use this equation to
answer it. These approaches scored 0.
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s=2d4d o |E=C88x20M e

Maximum duration = . ... Q?X!D_ui

Examiner Comments
A perfect 3-mark answer.
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Question 12 (c)

This question was split into two parts: both concerned suggestions about why ultrasound
pulses might not return to a car from which they were sent. Generally, candidates coped
fairly well with the first part, about why the signal would return from an ascending ramp.
Some candidates added to the given diagram to show the direction that the ultrasound
pulse would head off in (away from the car) and this was perfectly acceptable. On part (ii)
quite a few candidates seemed to be more concerned with possible diffraction that would
take place around the post, without making it clear that the emitted signal would not return.
References to diffraction were treated as neutral, but many candidates failed to link it to a
lack of reflection from the post.

(c) (i) Suggest why the sensors may not help the driver when reversing towards an
ascending ramp.

(1)

o Tne waves. o ulirasound  will . _be. reflected  upuuacd.s

and il ned vetun te The  8enSOCS

(ii) Suggest why the sensors may not help the driver when reversing towards a thin post.
(1)

Lanel  ned. get edlected DAk,

ﬁ ResultsPlus

Examiner Comments

A good answer, scoring the mark in
both parts. The reference to diffraction
was ignored in part (ii) as the candidate
mentions clearly that the signal is not
reflected back.
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Question 13 (a-b)

Taking parts (a) and (b) together, there was a good spread of marks scored from 0 to 5, with
an average of 2.96/5. 20% of the students gained all 5 marks here. Out of the 5 marks, the
most common marks not to award were for the definition in part (a) and the final answer
mark on (b), where candidates often had the two levels the wrong way round.

In part (a), many of the candidates mimicked the question by referring to states rather than
levels, This was the main reason for students missing out on this mark.

13 The diagram shows some of the energy levels for hydrogen.

OeV
1.51eV

—3.39eV

-13.6eV

(a) State what is meant by the ground state of an atom.

(1)

(b) Identify the transition which would result in the emission of light of wavelength 660nm.
(4)

................................................. -/g/“' '?35
é’(&)"/d‘ _ _ eV = / b

L34
hg = Y. _s'ﬁ(x.m’_?xééi‘_x./@__________ ______________
L F301%¢x20

i €xro™!

Transition "‘". -/5/ eVito = 33? eV

This answer is fully correct on both parts. In part (b), although the energy levels have minus
signs on them, it was decided that candidates who wrote the levels without the minus signs
could still gain full credit on this question, as only a limited number of levels had been given
in the question, and there was no +1.51eV or +3.39eV level on the diagram.
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13 The diagram shows some of the energy levels for hydrogen.

OeV

-1.51eV -

Ly

=3.39¢V -~

-13.6eV

(a) State what is meant by the ground state of an atom.

(1)

SRR |11 1.5 O L1 0V R L 1 W Y01 R L & LR A (V1) T 5 ) £ SO
U 11111 T L T L TSSO

(b) Identify the transition which would result in the emission of light of wavelength 660 nm.

(4)

e OV NSNON

osera g™ paty

e e s 3oty

MR

R L L8 M R T L Ll A I s 00 L S

I R LA R T R
3008107 2 e 63y M) 45 o
(35108 ) S (4540 b b x\D Ty

¥ bb0nm

Transition ...~ 238 eVio.. “VSV\ eV

Examiner Comments

<@Zl?esults‘zfi”lus

This script also scores the mark for part (a).
However, the approach to part (b) was quite a
common one. This was a reverse argument.There
were only a limited number of energy transitions
that could take place, so some students adopted
the approach where they selected a transition and
worked backwards to find the wavelength that it
would be associated with. This candidate took two
attempts before finding the correct transition, but
unfortunately wrote them in the answer boxes
the wrong way round, failing to achieve the final
marking point as a result.

IAL Physics WPHO2 01
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Examiner Tip

When answering questions about
transitions between energy levels,
candidates should remember that
any movement up the energy levels
represents absorption. Movement
down the energy levels represents
emission.




Question 13 (c)

Almost half of the candidates on this question scored just 1 mark. This was a result of
assuming that the photon energy was equal to the kinetic energy of the released electron.
These candidates had failed to recognise that the photon energy partly went towards
providing the energy for ionisation. Only 30% of the candidates managed to take the photon
energy and subtract the ionisation energy to achieve the correct answer. Many achieved the
correct answer by clearly using the photoelectric effect equation, which is not applicable to
this situation.

Calculate the kinetic energy, in J, of the released electron.

(3)
______________________ E=hf = 358w0"8 3
________________ =.22.3% A . |
03%-Bh = B T8N = . 4x0’tT
Kinetic energy = . ___J_;_‘.t.xlo.'.'.a... _ J

Resultslus
Examiner Comments
A fully correct answer, clearly presented.
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LI T g

Calculate the kinetic energy, in J, of the released electron.

LE=HE

o1 | HE = 5Y X 105 X 6630
A%k KL (e °’ = 25940 %
B RIN (I OM ,‘?

2

Kinetic energy = ...

Examiner Comments

<%ZResults’?lus

This candidate has calculated both the photon energy
and the ionisation energy, but then failed to recognise
that one must be subtracted from the other. As a result,
this candidate scores just the first mark.

CEshef
= ';trx]o"‘ X uﬁaxlo “‘
= 3,§8 !'O"B' I

Question 13c_98783_01.png

-8
Kinetic energy = ... ;‘58’40 S |

ﬂExammer Comments

This was by far the most common answer seen to this
question. Photon energy is calculated, and no further

processing takes place beyond that point. It scores 1
mark only.
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Question 13 (d)

This question was poorly answered, partly due to the different nature of the question,
partly due to candidates failing to recognise that significantly more detail was required

in their answer than had already been given in the whole of question 13. Although the
guestion was about absorption spectra, most candidates answered it as if it were a question
about emission spectra. These candidates could pick up the first marking point, but not

the second, which clearly had to be related to absorption rather than emission. From the
information at the start of question 13, it was clear that electrons are only found in certain
energy levels, and that movement between these energy levels could be related to the
frequency/wavelength of photons. So for marking point 1, candidates needed to go beyond
that to say that there were only certain differences between energy levels possible. Vague
answers such as "only certain wavelengths are missing from the emerging light as they are
absorbed by the gas" gained no credit, as this information had been given in the question.

Explain why certain wavelengths are missing from the emerging light.
(2)

ResultsPlus

Examiner Comments

This is a typical candidate answer limiting their response to
emission only. However, their answer does score the first mark
for the specific energy level differences idea.

IAL Physics WPHO2 01

15



When words are underlined in a mark scheme, it means that the candidate answer has
to include those exact words. For question 13d, the words "photon" and "absorbed" are
underlined, meaning that they both have to appear. However, in marking point 1, the
candidates needed to express the idea of there being only certain "differences" between
energy levels. The word "differences" is not underlined, as alternatives such as "changes",
"transitions" and "jumps" would be equally accepted.

Explain why certain wavelengths are missing from the emerging light.

eletrons  fame discrete onersy levels. . ...
one &{Mé?'aﬁlwéfﬂé.ﬁ tha Orrergy a?l ne. ‘P4°+V1ﬂ

auned t—-.awrg ‘f"D & {u?l’:’w qzmeﬁﬁy fwe/( .
‘@ eﬂ%ﬁy pf ,bho'fvw -e7ua-4".£ tﬁxi’«e—rey (:lf‘ W

enets (ev
betrueen tha twl? (g‘ntal f::%uestion 13=10 marks) |

%‘7{&&&@ /9055.?1&/ = ofu_q 1"0 2._:.,{ :%1767
Cenfoan ch.tqu-e/hjf-;?S Df' F"'f-'"fa'hs ope_ aifné-eo(;

j ResultsPlus

Examiner Comments

This is a rare 2-mark answer. In the
context of what was quite a tricky
question for students, the link between
photon energy and frequency was
accepted in the form of the equation
E=hf.
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Question 14 (a)

This is another question that was weakly answered. Some of the definition questions on the
paper were not straightforward, and 67% of the students scored 0/2. The first marking point
is a key part of any definition for a property that is measured in Volts. The second mark
specifically makes it an e.m.f.

(a) State what is meant by the e.m.f. € of the battery.
(2)

o Teas ot eveny  supplied ha( tronsforring #ll the . chemical

onergy  In—the —betery . ..Infto....&lfétﬁc...wmag._ om T \= ‘E‘ |
CBnd ewmf (s the pnomdy transfoned per unit of colowmb. ... .

ﬁ Resuits¥

riusS

Examiner Comments

This answer scored both marks.

The first marking point is gained as
work done is analogous to energy
transferred. The second marking point
is seen at the start. It is not ideally
worded, as the candidate suggests that
e.m.f. is an energy rather than energy
transferred per unit charge.

Question 14 (b)(i)

This question was generally very well done, with 85% of candidates scoring the mark. The
voltmeter could be positioned around the variable resistor or across the whole battery
(including the internal resistance). The ammeter just had to be anywhere in the series part
of the circuit.

ResultsPlus

Examiner Comments

An acceptable answer for the mark.

IAL Physics WPHO2 01 17
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This candidate has drawn the voltmeter around
the internal resistance alone. This would not be
possible with a real voltmeter as candidates are
expected to know that the internal resistance is
not simply a small resistor within the power supply
that leads could be placed in parallel across.




Question 14 (b)(ii)

Another question not scoring highly, with only 20% achieving the mark. Most candidates had
part of the answer, but most of these failed to add in the problem that this would cause (as
requested in the question). Most of the candidates who achieved the mark scored it via the
first method shown on the mark scheme.

Suggest why this could be a problem if the battery has a low internal resistance.

(1)
_ Top muce cprrent ufil fow thovge the
ResultsPlus
Examiner Comments
This candidate has the idea of a large
current, but fails to link it to heating.
low  Onternal vearsatence, Mave. coxyent,  So. ...

Results¥lus
Examiner Comments
This candidate clearly states why the

greater current will cause a problem,
so scores the mark.

IAL Physics WPHO2 01
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Question 14 (c)

This question has two parts. In part (c)(i), candidates were expected to draw a best fit line,
and to determine the values for the e.m.f. and internal resistance from the graph. Students
are expected to know that the e.m.f. is established from looking at the y-intercept and that
the internal resistance is the gradient of the graph. As a result, it was felt that there was no
need to instruct candidates within the question to draw a line of best fit. Many candidates
did not. In part (c)(ii), candidates were expected to take their values from part (i) and use
them with a relevant power equation to calculate the power dissipated in R. It seems that
the majority of the candidates did not realise the importance of being told to do this when
the value of R was equal to r. Effectively, this either meant that the total resistance in the
circuit was 2r OR that the e.m.f. of the battery was shared equally between R and r.

(¢) The student plotted the results on a graph.

T 1 T1 T
e
( "-}'(_\] 6 ‘__ H
HHHHHA . f
5
‘__h‘:\._\___;_____ O
4 ] ,__'_-x;_' ..'_._[._].__.._ 1T I
U 1T ...__}.K._. i <l>_a. Rl -+
VIV SENEE AR o X
345 .i...".\.[ e

iEESEIEERSIRaRfanh: Snaiaaisisis
o HH b N - : e
N
R LT TN

04 06 08 10 12 14
I1/A

]
0 02

(i) Determine values for £ and r.
_—_——l-l———-H

€ -6V G ia) N

Y= -—oadiex S =414
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(i) The power transferred from the battery to the load resistance is a maximum when R = r.

Caleulate the maximum power dissipated in R,
(3)

v
=% D AL A : - 4\4 L

Maximum POWET = ...

ResultsPlus

Examiner Comments

A perfect answer scoring full marks on
both parts. Only 12% of the candidates
sitting this paper achieved this score.
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(¢) The student plotted the results on a graph.
7

6

5

VIV

0 02 04 06 08 10 12 14
I/A

(i) Determine values for € and r.

(ii) The power transferred from the battery to the load resistance is a maximum when R = r.
Calculate the maximum power dissipated in R.

...................................................................................................................................................................................................................................................

...............................................................................................................................................................................................................................

...................................................................................................................................................................................................................................................

...................................................................................................................................................................................................................................................

22 IAL Physics WPHO2 01



ﬁ ResultsPlus

Examiner Comments

Although this candidate has drawn a best fit line, it has

not been extended to the intercept with the y-axis, and

the answer for the e.m.f. clearly shows that they have

not attempted to use this intercept to achieve the value.
However, they have clearly worked out the gradient to
establish a within-range answer for r. This scores 2 marks
for part (i). The candidate then uses their values from (i) in a
relevant power equation for part (ii) to score 1 mark. There is
no idea of the resistance being doubled or the e.m.f. from (i)
being halved so there are no more marks.

A
Q ResultsPlus
Examiner Tip

The gradient of this graph should be -r. For this examination,
a failure to see the gradient quoted as a negative value

did not incur a penalty. However, it is worth noting that
depending on the style of the question, there will be
examinations where such penalties might be incurred

by students. If this had been one of those occasions, this
candidate might have only scored 1 mark in (i).
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Question 15 (a)

This standard definition question has been asked on a number of previous examination
series, usually with a degree of variation in terms of the medium through which the wave

is travelling. In this examination, the air is mentioned in the question, so there was no
insistence for marking point 2 on the candidates mentioning air, but we needed to see some
idea of the substances through which the sound wave was travelling. As a result, marking
point 2 was the most common mark not to award on this question.

Words in brackets on mark schemes are those that are not essential for the candidate
to achieve the marking point. However, they are included in the mark scheme as a full
explanation would ideally include those words.

(a) Explain how sound travels through the air.

Sound trovels with the to adfio vibations of

the air molecules througl successive  compressions

ad aefoction.  The air molewles vibrafe
panflel tothe € travel of energy.

ﬁ ResultsPlus

Examiner Comments

A pretty good response gaining all

3 marks. For marking point 3, apart
from "wave travel", we also accepted
"energy travel" and "propagation".

~ Sound Havel by escillabions paralle]. fo te direchion of
dravel Vie a series of compressions and rmvefackons.

ResultsPlus

Examiner Comments

A generally good answer for 2 marks,
but there is no idea of molecules,
particles or atoms for marking point 2.
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Question 15 (b)(i)

Many candidates tended to treat this as a standard "what is meant by diffraction?" question.
However, this question was deliberately applied to the given scenario, within which
discussion of gaps was not expected. In spite of this, many responses simply spoke about

it as being the spreading of waves as they pass through a gap or around an obstacle. If they
did not specify which one was happening in this case, they did not score marking point 2.
Rather worryingly, a number of candidates who only seemed to know the definition of
diffraction through gaps decided that the sound was travelling into one ear and out of the
other.

(1) Describe how the sound reaches the right ear by diffraction.
(2)

Lo S emd g b We doending oS

LWONS oMY 00 WYe O S O SaN SR
as wovdenatn,  dibbochon NS st

ﬁ ResultsPlus

Examiner Comments

This candidate discusses the bending of light, rather
than spreading, which gives the suggestion that the
candidate is talking about refraction. In addition, they
only discuss this in relation to gaps, so no marks are
scored here. Marking point 2 was dependent upon

the awarding of marking point 1, so no mentioning of
spreading of waves resulted in no marks being achieved.

vt sound . waves . soread el arownd. the
(dbitick)e LisTomtr’s head Jo reach te ear

.
ﬁ ResultsPlus

Examiner Comments

This candidate has clearly understood
the context of the question and talks
about spreading and does not refer
to gaps whatsoever. A good 2-mark
answer.
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Question 15 (b)(ii)

It was difficult to achieve all 5 marks on this question, as there were a number of aspects
to discuss in relation to the graphs drawn. Three of the marks were simply for stating
clearly what the graphs showed, although many candidates failed to make it clear when
they described it. For example, candidates often wrote sentences such as "For the left ear
the intensity remains constant, whilst for the right ear the intensity decreases". Neither
part of this statement clearly related it to "as the frequency increases". A number of
candidates were also confused about the way to read the graph as there were quite a few
who made statements such as "for the right ear, the frequency decreases". On top of this,
even for those candidates who correctly described the graphs, it appeared that they were
confused about the process by which the sound was reaching the right ear. Some felt that
more sound would reach the right ear if there was less diffraction rather than more. It was
assumed that candidates writing about sound diffracting as it passed through the gap of the
left ear had already failed to achieve a mark in 15bi, so there was no loss of marks on this
part if they wrote about gaps.

*(ii) The intensity of a sound heard by the ear is the power per unit area reaching the ear.

A particular source of sound is placed to the left of the listener. The graph shows
how the intensity of the sound reaching each ear varies over a range of frequencies.

intensity
f d
of soun left ear
\ right car
frequency

Explain the differences in the intensity of the sound reaching the left ear and the
right ear.
()

- The intensity of he sound is constant for the left ear because the

SFeed {{'ht soundl is conctant .

b the ff&iuemj incteases ’I’ﬂc: wavelenj\‘}a Ae(reases slnce s.f)md

fﬂm sound is c::ns}aﬂk -

~ Sound reaches the Tijh\‘ ear blj d,\l-fmc}\oﬂ

> St dhe ag the -Frpciuenu_) s ncreased 'Hf"lr: waue’lewj% -
 decreases uncl 9 is o Ionj('v r'mular ’rn an cize aF ﬂ'le lme

. ear hole .

'th{me .’Hﬂc saunc' Ffeods m,d' [E’Sﬁ- (‘_mus:ruj "‘DWW Sauncj__
Ao be heard and  causing e intensity of sound to full.
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Examiner Comments

This candidate scored marking points 1,4 and 5, giving a total
score of 3 marks. There is clear discussion of earholes so the
student thinks that the sound is passing into the left ear and
coming out at the right ear. However, this was ignored for this
part of the question. Also, although the reasoning for why

the intensity of sound is constant for the left ear is incorrect,
marking point 1 was simply for the observation of what the
graph demonstrated, rather than an explanation.

) the \ef} ear has o constont fespentaad m’rens'.b
becawse the sound waves are dtm‘.% muwka ks -t’he.Luk:ner’.r
e withowd diffrachng fwough any dap or obstacle. Wowerer
the _sound reaching the ngnt ear must. frst diffact aleng
the person’s head before reaching s ngwd ear. therefore,
& the . waves will_spread. ouk and the sound’s intensity
will. deerease. as. the. fre quenty increases (+he sound waves

e moving towards  the Uslener; Doppler effeck —s froquency
Jacreases as the soand yoves comec'tosahemho*her)“rhe .

TICTeTIse: "*'hﬂ* i—he ook i m\rerselj pvoPorhwol

o %e mbnsﬂd ‘ﬂw_ pexsr.sns head has o \arge drea and therefore.
o M m}ens.\\-\ of sound is heosd, (Total for Question 15 = 10 marks)

Resuitstlus
Examiner Comments
This candidate scores only marking points 1 and 4. They have

talked about diffraction, but not related the increase in frequency
to decreased diffraction, so cannot access marking point 5.

Y
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Examiner Comments

(Total for Question 15 = 10 marks)

A rare 5-mark response, although all of it needs to be read before
all of the marking points are seen. Marking points 1,2 and 4
represented the observations that could be made from the graph.
Marking points 3 and 5 were for the explanations. Unlike some
other questions, there was no necessity to approach these in any
particular order, as they did not logically follow each other. As a
result, the fact that the candidate picks up marking points 2 and

3 right at the end does not provide any issue with awarding all 5
marks (this question assesses quality of written communication,
so the answer needs to be logical and clear in order to be able to
award all 5 marks).
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Question 16 (a)(i)

This is another question where candidates quite often wrote an answer that was simply
paraphrasing the question. Only 6% of the candidates scored both marking points. The
definition for drift velocity as a mean velocity was given, and candidates needed to explain
why it was a mean velocity. However, many just wrote the same statement in a slightly
different way e.g. "the drift velocity is the average velocity of all the electrons".

(i) Explain why drift velocity is defined as a mean velocity.

7S MQMW & ofher  oepay af Fhe . f%/
Mgy M€ 0. 50 A e .wp/,ﬂ.e 5. Calludated . fo...oveid
.......... C@,»y/c/%aﬁ

W/ZExammer Comments

A rare two-mark answer. This candidate
has talked about the electrons colliding
with "other" ions, but this was considered
acceptable.

Recauwse . net all . edochons. ar I'Melifg ar He tawe

spaed . siaa . ey badd o redoeby o dibereed=
M«c&m wmf‘m eachebhec., oo

j ResultsPlus

Examiner Comments

A common answer, where the
candidate scored marking point 1
early in the answer, but then went on
to suggest that it is due to electrons
colliding with other electrons. As

a result, marking point 2 was not
awarded here.
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Question 16 (a)(ii)

More than 60% of the candidates scored 1 mark on this question. Most of those answering
knew that the direction of electron movement would be towards the left on the diagram.
The idea was that the candidates should start from the dot drawn in the middle of the
diagram, but others started from different points. Those starting from different points

had to have a clear arrow, whilst those starting from the drawn dot were assumed to start
from there and whichever direction they headed from there was their direction of electron
movement. Quite a few candidates failed to visualise the diagram, and drew lines that
seemed to be reflecting only from the edges of the wire (somewhat like a diagram of total
internal reflection). This was not demonstrating collisions with ions within the wire, so did
not gain full credit. Most tended to draw a single straight arrow to the left, scoring just 1

mark.
free electron

Draw on the diagram to show a possible path of the electron as it moves through
the tungsten filament.

(2)

ResultsPlus

Examiner Comments

This was an ideal answer, with sharp changes
of direction throughout the drawn line.
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Question 16 (b)(i)

For most candidates this was a relatively straightforward calculation. Only 15% of the cohort
failed to achieve at least 2 of the 3 marks on offer for this question. The majority of this 15%
were candidates who had confused resistance and resistivity in the equation.

(i) Calculate the resistivity of tungsten at room temperature.

3)
.................... s B Tane' 36
- 210 _Goeeaxs
Ao xrAns”
\-3x16° \ ______
Resistivity = . G038 a0

WXExaminer Comments

In this candidate's work, there is a clear sign of a resistance calculation
of 12 divided by 1.2. This scores marking point 1. Marking point 2 is
gained by the use of a correctly-rearranged equation for resistivity. The
candidate has the wrong power of 10 conversion for the value of length,
but this is not penalised for a substitution into an equation. However,
this power of 10 error leads to an incorrect power of 10 on the answer
so marking point 3 is not accessible. In addition, the candidate has not
given any units in their answer, so a power of 10 error or a unit error
would both result in marking point 3 not being awarded.

A
Q ResultsPlus
Examiner Tip

On most questions, power of 10 errors
and unit errors are only ever applied to
the final marking point. Although these
are two separate errors, it only leads to
the failure to achieve one of the marks.
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Question 16 (b)(ii)

This proved to be a difficult question for most of the students, even those achieving the top
grades. The average mark on the question was below 1 out of 4. This can be explained by
these typical mistakes on each marking point:

Marking point 1 - Often not achieved because candidates failed to write about atoms or
ions vibrating "more". Some answers described ions starting to vibrate which was not good
enough.

Marking point 2 - Often not achieved because candidates failed to write about increasing the
"rate" of collisions. Some answers stated that there were more collisions between electrons
and ions, which had no aspect of rate.

Marking points 3 & 4 - Candidates often failed to refer to any equations in order to back up
their argument. Both of these marking points relied on using an equation.

With reference to the lattice of the metal, explain why the resistivity has increased.
(4)

gein enevqy and. start Vibrating fatter nie

increonts colisions and dmift veloaty decreanes .
Acerdin 9% T=nhqyv , wirentalro decreans , so

and R &g so pemistivity abo Increcses.

ﬁ ResultsPlus

Examiner Comments
This response scored marking point 3 only. In an attempt at marking
point 1, the candidate talks about electrons vibrating faster, rather
than ions or atoms. The reference to increasing collisions is not
clear enough as it contains no information about what is colliding
with what, and also no reference to rate. Marking point 3 is seen
on lines 3 and 4, but the following statement about resistance
increasing is not related to an equation or the fact that p.d. would
have to remain constant in order for this to happen.
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vZExammer Comments

A rare 4-mark answer. All of the points have been clearly
made and explained. Apart from question 15(b)(ii), this
is the other quality of written communication question
so, when considering whether to award all 4 marks, an
assessment needs to be made as to whether the work is
clear and logical. There is no doubt of that in this case.

W Tesistonce
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Question 16 (b)(iii)

Most candidates answering this question seemed to get either the idea that at lower
temperatures there would be a low resistance/resistivity, or that there would be a high

initial current. However, few tended to link these aspects together in a logical way. Only 12%
of all the candidates achieved this mark.

(iii) Suggest why a tungsten filament is more likely to break when first switched on
and not after it has been switched on for some time,

(1)

M A switthed on, e Flamens s owest

e ESTEtANCE. and S the . odrrént. Islmqaﬁ After. swiched on,
.the resmaane. inCreases . omd . cament. decreates.

This script was awarded the mark for the first
alternative on the mark scheme. Although at first
it does not seem to be comparative, the whole
thing read together clearly answers the question.

A sudden cwwrrent ean over Leat e flament .

ﬁ ResultsP

Plus

Examiner Comments

This script was a rare example of a
candidate who achieved the mark via
alternative 2 from the mark scheme.
Many had the idea of a sudden
increase in current, but few related it
to a very rapid heating effect.

34 IAL Physics WPHO2 01



Question 17 (a)

This has been asked in a number of examinations in the past few years, and candidates are
starting to get a bit more familiar with it now. However, the average mark for the question
was still only 0.92/2, which was largely down to candidates writing an answer which had
aspects of both mark scheme alternatives, without being correctly linked. The second mark
for each of the alternatives was dependent upon the awarding of the first marking point on
that alternative.

(a) Describe what is meant by a polarised wave.

La wae g <ily  one. plane of padile.

_OF the wave. .

WXExaminer Comments

This candidate starts by writing about there being

only one plane of oscillation. Candidates talking about
planes should then follow this with "including the
diretion of wave travel" in order to score marking point
2. However, this candidate continues by stating that
this is perpendicular to the propagation of the wave.
This is only an acceptable statement if it is paired with
"polarised waves have oscillations in one direction
only". As a result, this candidate scores 1 mark only.
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Question 17 (b)

Polarisation is a topic where there are a number of different applications, which can make
it difficult for candidates to adapt to. In this question, candidates were asked to explain why
the fish looked darker when viewed through the polarising sunglasses. However, a number
of candidates wrote about how the sunglasses reduced glare from the light reflected from
the surface of the water. This was what was meant to be written for the answer to part (c),
but candidates failed to realise that they were just being asked in general about why the
amount of light coming in to polarising sunglasses is reduced in its intensity in the process.

(b) Explain why the fish look darker when viewed through polarising sunglasses.

\}'Hﬂf_ 2)
Blansg sughsses, hawe Valcgimems. of. mekedes shat. ate.parallel..

do. e cliveia.of Habel of LGt @fs. . is
ghs . anal rnaolices Hhe number of-Hs Aanet. of . oscillatid ...

- heatices e NSy of . he. it a2V QS. sane. Ut W Iaues. ...
R RRAOUCIQ. o . AQAMENT. (il 004 RIS

The first four lines of this answer do not really contribute an
enormous amount to achieving the marks. However, what is
written in the last couple of lines scores both marking points.
The mark scheme for this question was not very strict on this
part of question 17, as filters were not mentioned until part (c).
Even though this candidate talks about filters near the start,

if they had just said that the light waves perpendicular to the
sunglasses would not pass, that would have been acceptable
for marking point 1.
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Examiner Comments

This is a typical answer from a student
who thinks that they are meant to be
describing why the glare has been
reduced. Unfortunately, such answers
did not gain any credit for this part.
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Question 17 (c)

The candidate answers for this question suggest quite heavily that a significant proportion
felt that the light that the fisherman was attempting to look at was indeed the light reflected
from the water. Many of those suggested filter B did so as it would allow the light reflected
from the water to pass through. Perhaps partially as a result of this confusion, very few
candidates felt it necessary to say what would happen to the light that came from the fish so
did not say anything relevant to marking point 2.

(c) The diagrams show two polarising filters, A and B, which could be used in sunglasses.
The arrows represent the plane of polarisation of light transmitted by the filter.

M

M
L4

v
A B

A fisherman is viewing fish, that are under the water, through polarising sunglasses.
Light reflected from the surface of the water is partially polarised in a plane parallel
to the surface of the water.

Explain which filter, A or B, the fisherman should have in the sunglasses in order to
see the fish clearly.

(ilor BT
ﬂﬁw

(2)

Examiner Comments

This is a typical answer from a student
who has selected filter B and then
explains perfectly why filter A would
be the best for the fisherman to use.
Unfortunately, it scored no marks.
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(c) The diagrams show two polarising filters, A and B, which could be used in sunglasses.
The arrows represent the plane of polarisation of light transmitted by the filter.

h

v
A B

A fisherman is viewing fish, that are under the water, through polarising sunglasses.
Light reflected from the surface of the water is partially polarised in a plane parallel
to the surface of the water.

Explain which filter, A or B, the fisherman should have in the sunglasses in order to
see the fish clearly.
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(2)

Examiner Comments

A rare 2-mark response, explaining
exactly what is required. Unfortunately,
only 1% of the candidates scored both
marks on this question.
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Question 18 (a)

This was generally a very accessible question for most candidates, with some good scores.
46% of the candidates scored all 4 marks, and the fact that the marking points were pretty
independent of each other meant that many other candidates scored marks.

(a) The diagram shows the path of one ray of light as it passes through a cut diamond.

Not to scale

Explain the path taken by the ray of light when it is incident at the diamond-air
_inberf'ace at X. Your answer should include a calculation.

refractive index of diamond = 2.4
(4)
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Examiner Comments

A very good 4-mark answer, with clear
working out for the two calculation marks.
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Question 18 (b)(i)

This

part of the question was less successful than part (a). Seeing as earlier in the question

candidates had been told that sparkling is caused by reflections of light inside the diamond,
it was not possible to give an independent mark for stating that in diamond there were a
greater number of reflections. As this marking point (3) was dependent upon the award of
either marking point 1 or marking point 2, the vast majority of candidates scored either 2 or

Oon

this question. In addition, the majority of candidates achieving 2 marks scored marking

points 1 and 3. Marking point 2 was very rarely achieved, and was usually accompanied by
the other two marking points as well.

(b) Zircon is a popular, cheaper alternative to diamond,

refractive index of diamond = 2.4
refractive index of zircon = 2.0

(1) Explain how a higher refractive index causes diamond to sparkle more than zircon.
(3)
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This candidate scores marking points 1 and 3, and is not far from
achieving marking point 2 as well. It is just not clear enough that
they are talking about a wider range of angles being greater than
the critical angle.
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Question 18 (b)(ii)

A combination of this being a difficult question, and that it arrived at the end of the paper,
made this a very low scoring question. Over 70% of the candidates scored 0/3, with less than
3% scoring 3/3. There were two main reasons for this. Firstly, a number of candidates were
attempting to do the calculation for light refracting the other way from that shown in the
diagram. This resulted in angles of 9.8 and 8.2 degrees, which scored 1 mark only. Secondly,
a number of candidates did not read the question carefully, and decided to use a protractor
to read the angle as drawn in the diagram. Unfortunately, as this was in the region of 35 to
40 degrees, and the critical angles of diamond /zircon were 25/30 degrees, this would have
resulted in total internal reflection. This resulted in a number of students stating that there
was a Math Error on their calculator.

(ii) The refractive index of a transparent material can be measured using a 20° prism
of the material.

Not to scale

20

A ray of light is incident perpendicularly to one face and passes straight into the
prism. The angle of refraction r, as it leaves the prism, can be measured and the
refractive index of the material calculated.

By making suitable calculations suggest whether it is possible to distinguish
between diamond and zircon using a protractor to measure the angles.
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(Total for Question 18 = 10 marks)
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Examiner Comments

This is a typical 1-mark response where the candidate has assumed that the light
ray is refracting in the opposite direction to the way it really is. Unfortunately,

as marking point 3 was dependent upon the awarding of marking point 2, this
candidate could not score marking point 3 (just marking point 1).

ResultsPlus

Examiner Comments
Arare good 3-mark answer.
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Paper Summary

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

Learn key definitions well. Some of the definitions on this paper have appeared in
several previous examination series, and the definitions have remained the same during
this time.

When a question is clearly related to a particular application, ensure that you are
answering the question posed. On question 15, too many people answered part (b)(i) in
terms of gaps when it should have been quite clear that the diffraction was being caused
by the sound having to pass around the head of the person.

In electricity questions where an explanation is required, it is often useful to use
equations in your answer, particularly noting which terms in the equation stay the same,
and which change.

When provided with a graph which includes already plotted data, any discussion of the
graph should be preceded by the drawing of a best fit line. The questions will rarely ask
you to do this, but it will be expected.
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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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