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General comment

The unit WPHO2 covers the learners’ ability to understand and apply the physics involved in
waves, electricity and light, including quantum effects. The ability to apply their knowledge
in a range of familiar and unfamiliar contexts was examined.

The learners’ ability to see calculations through to a correct solution was generally good, as
was their response to descriptive questions involving theories, such as atomic line spectra,
that they had been directly taught. In other cases, particularly with questions involving
unfamiliar contexts, it was clear that they were not answering the question given. It is very
important that the learners carefully read and understand the question before starting to
respond to it. The learner must look at the command word in the question; “state” means to
just write the factor or variable required, with no explanation needed; “explain” requires
reasoning or justification of the point made; “describe” means to give an account of a
process or action, but there is no need to justify it with detailed theory. In general, there are
likely to be several questions on a paper asking for an explanation, as we look to test the
learners’ understanding of the physics involved.

The standard of written English seen by the examiners in this paper did not, in most cases,
cause any difficulty. The learners were able to record their knowledge of the subject clearly,
even if not in the best English. Apart from the * questions, where the learner’s quality of
written communication is being assessed along with the physics, lack of skill in written
English is not penalised, as long as the response is clear and unambiguous.



Section A

%
scoring
Subject the Comment
correct
answer
This question was answered well. A few

I -V graphs 65% responses gave option B which is the shape of
graph expected if V were plotted against I.

Electromagnetic 239 It was well known that a mobile phone makes

spectrum 0 use of microwaves.

This question was poorly answered, and the
responses seemed to be largely guesswork.
The four options were fairly equally chosen.
o The choice should simply be restricted to B or
0]

Longitudinal wave 34% C, which have the correct wavelength, but then
getting the correct choice of B, which depends
on phase, required a much higher level of
understanding.

. The most common error was to choose C, with
0] 4

Standing wave 71% the 2/3 inverted.

In order to make the planes of polarisation of
the filters parallel, one has to be rotated by
N 90° more than the other (or 270°), which is

Polarisation 38% , . .
option A. Many learners gave option B which
would have returned the planes of polarisation
to be perpendicular to each other.

For the pattern shown, diffraction is involved in
spreading the electron beam from the crystal,

Electron diffraction 61% and superpc_)5|t|_on in forming the interference
pattern, which is response B. The most
common incorrect response was A, involving
refraction.

Potential divider and The correct answer was 1.5V, response C.

diode 59% Some ignored the potential divider and gave
response D.

I=nAve 69%

Units 66% This involved the conversion of J s to base

units.




10

Diffraction of sound

88%




Section B

Ql1ia

This item was generally answered well, with clear working leading to the right answer for
the resistance. The most common mistake seen was to use an incorrect equation for the
area of cross section of the wire. If nr?/ or 2nr are used, then it is not an area that is being
calculated and little credit can be given for the response. A common response was to use
the diameter for r, or to neglect to convert the diameter to metres. To gain full credit in a
“show that” style of question, the response needs to calculate the actual value of the
quantity being requested. In this case, the value of resistance needs to be determined as
1.07 x 103 Q. A reverse calculation, using the 1100 Q to calculate the length required, for
instance, would not gain full credit. The response below is a clear, correct answer to the
question.

(= fitm
ol= 005 mm => y = ozczv.‘g‘f 0,085 mm.
A= 4>~ 0,00 {36mm?= £,9640° 3 p 2
L= 4.5 10" am

R= JC _ 44 (o407t - 4,0%10% = 1030041100
A 1,96 {p- 9

Q1l1b

This question was about how to obtain a greater accuracy of resistance value by using a
wire of different length and diameter. A wire of greater diameter, with the length adjusted
to give the same resistance, should be used since both the length and diameter can then be
measured with a lower percentage uncertainty. Very few responses answered this question,
and those that did often said the actual uncertainty in length or diameter would be reduced,
which is incorrect. Many misunderstood the question and explained how the resistance could
be increased slightly to make it closer to 1100 Q, for which one mark could be awarded.
Overall most responses talked about how a micrometer (or alternative) could be used, and
how measuring in several places, taking averages, measuring different lengths and different
diameters and producing graphs would improve the accuracy, which was not related to the
question about using a different combination of length and diameter.

This was a good response:

- Using o greate value of Lengin and wige andl diamele.
would  lead to \em percertoqe Orce(kuw(-\a (0. neod wemens
and 1o lotad Percentoqe L\WY&M% wouldl be low.

- Ak betuer to use o lamgen lenalm of nidhome
Usma greales. cliamentars would) give valw moe dese to dne

veal: vala -



Ql2a

Note that this question clearly asks for two observations. It is not asking for two theories, or
two aspects of the quantum theory of light. It is most important that the learners answer
the question that is asked. Perhaps the more usual question, and the one that most
answered here, is to explain the photoelectric effect.

This is an example of a good response, which was very rarely seen:

Twnstant ewiission DD electrons whan e.‘.iﬁfcmﬁ-ﬁu‘”c fodiation

12 Shone e o wtal suwtlace.

EIQ:.fn:»maudiL Vadiation be low taresheld W&EM;

doesnt cause oy electron emaission .

Most responses were about a single photon interacting with a single electron, and about the
photons needing an energy greater than the work function, but these are not observations.

Q12b

Overall this was a more positive question and learners tended to do well here. A few used
v=fA to calculate the speed of the electrons, and some used an incorrect mass for the
electron, but it was good to see many correct and well laid out calculations. In the example
below, the response clearly shows the calculation of the photon energy, of the work
function, and then the photoelectric equation:

A= 4210 {=C 240" _ 2510 Hz
I = > 2 (rl fo‘?‘
c= 3 {0* g

E=hf= 2510 6,63-4p 2= ﬁ»,é-m'@g

430/ =43 4,6 1071= &sa-r‘o"’“;{
. T g -1a_ 4 , “19 - ga-a
£+ B => T (606:40 3 6,55 10 g.#7a1:1o j

v ~/Ei—"” 732 10" 4510 °ma-
il 4"0-5’
Q13a

There were a large number of correct responses here. It is clearly important that in the
efficiency equation, the output power is the numerator. The two terms in the efficiency
equation can be given in a number of ways, such as the power, the energy in a given time,
the energy per m?, but whichever variable is used, the numerator and denominator must be
of the same form. Many worked out the energy in a given time which, although incorrect as
no time was given, was allowed in this instance. This is a good, concise response:

[Buoer mf»"t = (800 x16x0-95)

= 121610

[:bLJE"( Ou'E[Dp’Z = (.?q )(?‘-3)
= 2lFw

E'-'}%u'ena = _J.¥ ¥ 0O
216

Efficiency = 1'4 . L{ Z



Q13bi
Most responses showed that the definition of e.m.f. had not been learnt. It must be

emphasised that definitions of the basic physics terms need to be accurately learnt, since
marks are gained very quickly with a correct response.



Q13bii

There is more than one way to complete this calculation e.mf = N+
correctly, but the response on the right is a good example. 55729 +GF3x0)
Most learners found this a difficult calculation, but it would be 55-24 = ¢
straightforward if e.m.f. and internal resistance were properly 33
understood. (=3.56

r= 3.6
Q14a

This was a fairly standard question about interference between the waves from two identical
sources. It was disappointing to find large numbers of responses that did not realise
superposition was occurring, and answered in terms of the Doppler effect, or about nodes
and antinodes in a standing wave. A good example of a correct response is given below:

The wo lond speakers act as cohevert Sources and p
Pyocluce wavet  hich Supevpote Loith each other. When
‘e pod“r\ difference B N A | aadse He vaves ave
inphase and  Constructive inteyferance happens onmd
heve He student heave o Emd |oud foumd. Lohewm
the path @8 diffeene & s <V\+_§>/\ , the Laves
ave i amtiphate and destructive interferance
happes and e heve the 2tudent hears o
T»dtf sound - Wheve Hare 3 congtructive jntederante )
avtivedes ave formed . And where tere R &
$e destyuctive ntexfevamee ) iodes ave fovmed.,

As can be seen here, any reference to nodes or antinodes was ignored but not penalised. As
in this response, the learners did not refer to the problems of observing the interference
phenomena in an enclosed space, so did not gain the final mark.

Q14b

With two separate sources of sound, the frequencies would not be identical, and so the
phase relationship would vary over time. This is something the learners would almost
certainly need to work out for themselves in the exam room, and so it was a good test of
their understanding of the physics involved.

Q15a

The physics involved in the formation of a line spectrum is another standard A Level
question, so it was again disappointing that so many learners did not score any marks.
There were, however, many responses which showed a good understanding of the reasons
for the formation of such a spectrum. Because the light source is a distant galaxy, the
spectrum observed would be an absorption spectrum, but as the question asked about



atomic line spectra in general, a description of either an absorption or an emission spectrum
was accepted.



Q15b

This was a difficult question because the photograph was not easy to understand.
Consequently, only the best responses gave an acceptable answer. However, those that did
recognised that it was an application of the Doppler effect, and some could then explain why
the wavelengths at the top and bottom of the line were shifted. One of the common errors
was to relate the shift in wavelength to the distance of the star from the Earth rather than
to the rotation of the galaxy.

Q16a

This question was very commonly misread, and the question answered was concerned with
the accuracy and resolution of the picture received. Therefore the responses referred to the
wavelength, pulse length, time to return etc., none of which were actually relevant to this
question but may well have been involved in questions set for previous papers. It is
important for the learners to ensure they understand what the question is asking. This was a
question about the fraction of the transmitted laser light that returns to the transducer.

Q16b
Most learners were able to use the equation s=vt to calculate either a distance or a time.

However, they were then unable to explain whether that would make it possible to detect
the object. They could calculate the length of the laser pulse and note that it was less than
the total distance travelled (2.0 m), or they could calculate the time for the pulse to return
and note that it was more than the duration of the pulse. This is the type of response we
expected:

D= 3 (4= 3 ¥ 3xd xtous = 0.76m

OUM 5 the Smalbst distowe can ke measarel, wheh 13 legsthenn [om,
5 Mo Cor (on be defectedd

Q16¢

The use of ultrasound rather than light would not be acceptable due to the time taken for
the reflection to be received back at the transducer. This would result in inaccurate
“mapping” of the car’s surroundings, and the car would have moved on by the time the
reflection was received. Often the responses were too vague, and just mentioned that the
ultrasound travelled more slowly (a fact given in the question), or that accidents were likely
to occur (without saying why).

Q17a

Overall, question 17 scored well, with the marks fairly evenly distributed over the full
possible range. It therefore did discriminate well between learners of different ability.
17a was purely bookwork, and the learners just needed to recall the information. This is
what we should see:



Totad  indienad nﬁ{mkw occunt  ohe Jluo-:j,é .ﬁ inciolme iy
‘aﬂ.,t. ) PO Y ceibioad o-J!a.

T  geod  comdibian i St {LLrU,ﬁfjﬂ'Mthala
fowm o more duwe L o L duse  mediianm.

As with Q13bi, it is important that students learn definitions well.



Q17b

When a question begins with the word “explain” it means we want to see the full reason for
something happening, in this case for the light reaching the receiver. In this item, the
examiner needs to be told that the angle of incidence was 45°, and not just have that
implied by the rest of the response. The actual explanation here is quite simple, but there
were many cases of marks not being awarded because the explanation lacked some basic
steps in the argument.

Q17ci

In the majority of cases, full marks were awarded for this item. However, where the correct
answer was not obtained, it was often quite difficult to follow the working given in order to
award method marks. We often saw a calculation along the lines of 2.3x108/2.0x108, which
would be allowed if the final answer were correct, but otherwise needs rather more
explanation.

The example below shows a fairly minimal but correct response:

9.2 %10
e ey,
9 .(_,‘.n:\OR

) )
Pe freetive  index n"]_ﬂgf-'?f_‘*- 4
FYUAATE

=

C = <in” TiTE) . Cto.y"

Critical angle = G‘C} -9 ’

Q17cii

Most learners drew the ray being correctly refracted into the liquid. Since there would also
be a weaker ray reflected vertically downwards from the interface, such a reflection was
ignored. The mark would not be given if any other reflection were drawn.

Q17d

It was very rare for any responses to score two marks here. Many responses said that when
the tank was full the light reaching the receiver would be reduced, but few then went on to
say what the sensor would do, such as sounding an alarm. Others said what the sensor
would do if the tank were full, but not how it would know.

Q18a

This is another item for which there is a standard response that needs to be learnt and
understood. For the first mark, the responses often described an increase in vibration or
speed of the electrons, rather than an increase in the vibration of the lattice atoms. For the
second mark, we need an increase in the rate of collision of electrons with the lattice and
not with each other. The response below gained all the marks.



ofe 4.&@@5:1‘0&  iowede , How
U iMceoued Faf‘-ﬁce v lmm‘z&-w o
v Hee #;[}WM'* ﬂt’?q .
W coudeds  insasued gf@@ (_Q(r‘mm
betwean  plectsbus aud iews . Tug
veulfe in decesde of  duiff ve ﬂo*%_..v.__
aumd a& Iqu/’@ﬂ W’f Jeuemx%
1e0. B T yedulte v iwpwme g
Rasistance  of e ﬁmuer cfw. ﬁ
Re Y (keaping V' cowt et ) o



Q18bi

The majority of learners did not understand what this question was asking. They tended to
describe how the resistance of the lamp varied with time or temperature, and how that
affected the current in the lamp. It was expected that they would tell us that the current
was proportional to the p.d., and that the currents are the same in a series circuit.

Q18bii

A large number of learners were able to do this calculation. Many other learners wrote very
confused working which made it difficult to mark. Choosing the wrong p.d. or resistance was
common but did lead to a number of ‘use of’ marks being awarded. A correct response is
given below:

pd =435V I=‘£’7=ﬂ"-—é.: = 095A
R= ‘Ik
. 9.0-4.35
2.95

=440

Q18biii

Many were able to answer this item even if they could not do part ii. Units were sometimes
wrongly given as J. Some learners used the wrong resistance, although it is given in the
question, and some used the wrong p.d. All of the equations for power on the mark scheme
were used. Other learners used a time and cancelled it, which was allowed even though the
time was incorrect. Those who left the time in could not be credited with any marks.

Q18biv

A lot of the responses mentioned that the p.d. was constant, but fewer went on to say that
this means that the resistance of the lamp must therefore be constant. About 20% of the
responses gained both marks.

Q18bv

This item did not score well, and it seemed that the learners were not able to apply what
they knew about the characteristics of a data logger to the experiment being performed. We
were expecting a comment about the experiment - that it was completed in a very short
time, and a relevant comment about the data logger - that it can take readings at very
short intervals of time. Most of the responses just told us what the learners thought about
data loggers, such as that they were more accurate (incorrect here), that they can plot a
graph automatically (not necessary here), or that they can be set to work over a long period
of time.



Summary

This paper provided learners with a wide range of contexts from which their knowledge and
understanding of the physics contained within this unit could be tested.

A more careful reading and understanding of the question being asked would have helped
many learners. A sound knowledge of the subject was evident for many, but the responses

seen did not reflect this as the specific question was not always answered as intended.

Based on their performance on this paper, some learners could benefit from more teaching
time and extra practice on the following concepts and skills:

¢ Fully understanding the question being asked.
¢ Give clear and complete working in any calculation.

e Learn standard definitions.
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