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Introduction

While building on GCSE Physics, the unit includes a number of quite new areas, particularly
in relation to Quantum Physics, and this paper allowed students to show good progression.

Performance was often better in parts of questions requiring calculation than those requiring
descriptions. There were few unit errors seen in numerical responses.

Better responses might have been expected to a number of questions involving standard
phenomena in relatively straightforward contexts, e.g. atomic spectra, photoelectric effect
and standing waves. Apart from a few context-specific points in particular questions, the
mark schemes for these have the same general points and they can easily be learned as ‘set
pieces’.

There was evidence of a fair bit of confusion between the production of atomic spectra
and the photoelectric effect and also the relatively common misconception that resistance
is found using the gradient of potential difference vs current graphs. In addition, had the
historical importance of the work on quanta of Planck and Einstein been stressed in the
teaching as suggested by specification point 71, it is unlikely that so many students would
have missed the relevance of photons to the photoelectric effect.

Section A
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a

Large majorities responded correctly to questions 6, 1, 5, 9 and 3. Question 10 had a very
good response rate as well and 2, 9 and 4 were fair. Very few answered q 7 correctly. The
preferred incorrect responses to some of the questions give some idea of misconceptions.

1. Students getting this wrong and choosing A just had the spectrum in reverse order.

2. Those choosing B at least knew that a lower frequency corresponded to a longer
wavelength. It is worth noting that those with higher marks for the paper tended to have a
preferred incorrect choice of C, so they at least connected it with the relative motion of the
star to the observer.

7. Although the overall preferred incorrect choice was B, at the lower end of the ability
range C was chosen much more often. This suggests that those students just remembered
the shape of the V-I graph they knew and selected this without regard to the axes while the
more able at least realised that a greater resistance resulted in a lower current, even if they
could not select the correct inverse relationship.

8. Here the main error was in neglecting to allow for the time ‘there and back’ rather than a
problem with ms as a unit.

9. The slight confusion some have with the wave phenomena ending in ‘fraction’” was
also seen in question 12 where some suggested sound from the tiger would reach people
through the hill after being refracted on its entrance.

10. The choice of C reflected some awareness, if somewhat vague, that energy and time are
involved in power.
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Question 11

Just over half of the candidates completed this question successfully, most commonly
starting by applying the 15% efficiency to the incident flux. The majority of those not
awarded full marks could apply area = power / radiation flux but ignored the 15% entirely
to get an answer of 2.4 m?, or applied the efficiency incorrectly by finding 15% of 500 W, to
give an answer of 0.36 m?. One might have hoped that the latter answer would stand out as
incorrect by simple consideration of the values given, since 500 is clearly more than double
210, suggesting that not all candidates considered the detail of this application before
attempting their answers.

11 The photograph shows a solar panel being used to produce electricity.

The solar panel has an efficiency of 15%.,) The average radiation flux falling on the
panel is 210 W m™2,

Assuming that this radiation falls normally on the panel, calculate the area of the panel
that would provide an average power output of 500 W,
. (3)

i Radicdion \‘iui o QOUREL
e Ptz N0Otew o SO0
RediedionNos 200 MR

- 2.33h

%
Results¥lus
Examiner Comments
This candidate has used Power/Radiation flux, and has even included

units to confirm that the quantities are being applied correctly, but,
despite circling 15% on the script, has not used the efficiency.
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11 The photograph shows a solar panel being used to produce electricity.

The solar panel has an efficiency of 15%. The average radiation flux falling on the
panel is 210 W m™2,
m

Assuming that this radiation falls normally on the panel, calculate the area of the panel
that would provide an average power output of 500 W,

(3)

. A0%6md

e 026w

ﬁ ResultsPlus

Examiner Comments

Power/Flux has again been used, but the efficiency has been applied to
find a percentage of the output rather than the input. As the maximum
possible power for unit area is 210 W a candidate might be expected to
notice that a lesser area could not possibly provide 500 W.

A

OO ResultsPlus

Examiner Tip

Check that the results of calculations make sense in the given context.
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Question 12a

This presented few difficulties with the great majority gaining both marks. A few used units
of s! instead of Hz, which was accepted, and some gave the fractional answer 22/3, which

was not accepted.

12 (a) A tiger’s roar includes sounds at frequencies below the range of human hearing
known as infrasound.

Infrasound of wavelength 45 m travels at 330 m 5! in air.

Calculate the frequency of this infrasound.

330= 45K z:i;o_-f =55 7333
"

Frequency = 73 .

ResultsPlus

Examiner Comments

The calculation has been completed correctly but the answer has been
given without the unit so the final mark has not been awarded.

)

Examiner Tip

Quantities must have a magnitude and a unit. Make sure you include
the unit or you will not be given the final mark for the answer.
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12 (a) A tiger’s roar includes sounds at frequencies below the range of human hearing
known as infrasound.
V= A

Infrasound of wavelength 45 m travels at 330 m s”' in air,

Calculate the frequency of this infrasound.

F - - Zl .

Frequency = /22{ L

ResultsPlus

Examiner Comments

The quantities have been used correctly, but the final answer has been
quoted in fraction form so only the first mark has been awarded.

Examiner Tip

Some calculator displays default to fractions. Candidates should
remember the appropriate procedure to give a decimal output.
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Question 12b

Three quarters of the entry were able to identify diffraction correctly, with incorrect
suggestions including refraction, reflection, the Doppler effect and occasionally ‘defraction’,
too close to ‘refraction’ to be acceptable. The examiners thought Doppler effect may have
been suggested to some candidates by the use of ‘effect’ in the question.

Slightly under half of those giving diffraction went on to explain the effect correctly in the
given context, with only a minority including a diagram. It was common to see references
to waves ‘bending’ rather than ‘spreading’. Many candidates only understood diffraction in
terms of a gap specifically rather than diffraction at an edge and gave descriptions of waves
passing through a gap in the hill, often citing the wavelength as matching this gap.

(b) The roar of a tiger in a zoo can be heard by visitors at the entrance, even though the
tiger can not be seen because there is a hill in the way.

Name and explain this effect.
home Dis§rection

. Disgmction MhawS ks ﬁﬁ‘*’f?ﬂ%a/@ff’ﬂﬁé; taberd
rond gpstacles S
peching PGPl cun heA” Sounds  Wwith /U?[\A b/ ot
fecing te soure

ﬁ Resultsi

)

us

Examiner Comments

The effect has been correctly identified as diffraction but the explanation
refers to bending of waves rather than spreading out. High wavelength
has been mentioned, but its relevance has not been stated.

A

ResultsP

Examiner Tip

us

Be sure to learn the standard definitions of the terms listed in the specification.
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10

(b) The roar of a tiger in a zoo can be heard by visitors at the entrance, even though the
tiger can not be seen because there is a hill in the way.

Name and explain this effect.

The  Sound  caves il difiot aound e Wl
| dd? o He ’-E’ﬁf i M?(-f = i Coaueleng/l

Mg dfodbag“aand He il tof ot be Shuns
LG e  Usitors b Ko tabonce

(2)

ResultsPlus

Examiner Comments

Diffraction has been identified, but the term has effectively been
repeated in the explanation where it says 'diffract around the hill'.
Explaining a term requires more than repeating it in context.

A

ResultsPlus
Examiner Tip
A useful group revision technique for definitions and descriptions is

where one person has to describe or explain a nominated term without
using specified words and others have to say what is being described.

Question 13a

A large majority correctly identified ultrasound. It is possible that some ticked radio because
the linked it with the sound given out by radios.

Question 13b

A lack of clarity in the response of many candidates prevented them from gaining credit,
even if they seemed to have a fair idea of the reason. Just under half gained a mark for
little more than a description of a longitudinal wave after having it suggested by part (a),
but very few got a second mark. Candidates rarely described what plane polarisation is in
their answers. This is a standard description they should be able to give.

Descriptions involving longitudinal and transverse waves should include reference to
‘oscillation’ or ‘vibration’, but answers often only mentioned ‘movement’. This is ambiguous
as it can be applied to the oscillation or the propagation, so answers relying on *‘movement’
gained no credit. For example, ‘longitudinal waves move parallel to the direction of
movement’.

GCE Phyvsics 6PHO02 01



There were some valiant efforts at diagrams, but they are very difficult for polarisation and
rarely gained credit.

(b) Some waves can be plane polarised. Explain why longitudinal waves cannot be
plane polarised.

(2)

\ I"’thf“-\L wewed  onln Contmia ore F\C\r\e
jﬁ \dora \Pm ot ro. cble *a Cv&"llm_{ Pomn. MB:::Q.

M«wa vfhr\ C"W\al,' Po]mn#e. \M?J'uc‘lml LetCaved,

ﬁ Results@lus
Examiner Comments
While this response appears to contain a sensible reference to planes, it

does not mention oscillations or vibrations and therefore gains no credit.
It would also need to describe what happens when a wave is polarised.

(b) Some waves can be plane polarised. Explain why longitudinal waves cannot be
plane polarised.

mmuex perpirdiculos mmdmecwog

<d\ H\ Wé" M (Total for Question 13 = 3 marks)

Plus

Examiner Comments

In the first part of the answer the candidate refers to oscillation parallel to the direction
of motion for longitudinal waves. Since oscillation is itself motion, this does not make it
clear that it is parallel to the direction of propagation.

In the description of transverse waves, not actually required for this question, the
oscillations 'travel perpendicular to the direction of travel', showing similar lack of clarity.

@ ResultsPlus

Examiner Tip

In descriptions of longitudinal and transverse waves it is
best to avoid terms like 'movement', 'motion' and 'move’,
specifying oscillation and propagation to avoid ambiguity.

GCE Physics 6PHO02 01
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Question 14a

About a quarter of answers gained at least one mark, with half of those getting the second
mark as well. Those who approached this by carrying out circuit calculations often found

it quite straightforward. For the remainder, a number of incomplete approaches and
misconceptions were seen, with little understanding of the use of voltmeters with very high
resistance. Some candidates simply said that if one reading is 6 V the other must be 0 V

to give a total of 6 V, but this information was all in the question. Candidates frequently
considered the parallel section of the circuit in isolation and suggested that the voltmeter
had no current because all the current flowed through the 10 W resistor instead, and did not
realise that there was essentially no current in the whole circuit. There were a number of
references to voltage flowing and also to current flowing as far as V, and then stopping.

GCE Phyvsics 6PHO02 01



14 The diagram shows a circuit set up by a student.

{100 |

)

(a) Both voltmeters have a resistance of 10 MQ. The reading on V, is 6 V and the
reading on V, is zero.

Explain these readings.
(2)
L Bteause The res ce in V.S Sobugh, Thus maens
Ny cdnagt coed g poty bl ay it s __.jf?'?'?'/"7 1650 fod

ﬁ ResultsPlus

Examiner Comments

This candidate has mentioned that V, is high, but has not made it
clear that it is very high in comparison to the parallel combination
which contains an equally high resistance. The statement that
potential is 'getting absorbed' is not an adequate description.

Examiner Tip

When comparing things it is generally necessary to make a
contextual reference to each of them in the response.

GCE Physics 6PHO02 01 13
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14 The diagram shows a circuit set up by a student.

(a) Both voltmeters have a resistance of 10 M€}, The reading on V; is 6 V and the
reading on V, is zero.

Explain these readings.
(2)

This response fails to recognise that the potential difference
across parallel components is equal and is attempting to
suggest the reading on V, is zero because its current is zero
due to the current going through the resistor instead. It is
comparing the resistor and its voltmeter and ignoring V,

Candidates are expected to know that a voltmeter has a very
high resistance specifically to ensure it draws very little current.

us

Examiner Comments
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Question 14b

This was slightly less well answered than part (a), with about a quarter of answers gaining

at least one mark, and a quarter of those also getting the second and third marks.

The most common way to get a single mark was finding the resistance of the parallel

section of the circuit, although most candidates thought this was the final answer required,

ignoring V,, or perhaps thinking it had been removed.

Some candidates got the final answer after assuming the current in the circuit divided
equally between the parallel branches, although this is not always the case.

(b) The student replaces the 10 £ resistor with a resistor of unknown resistance R. The
reading on V, is now 4V,
M
Calculate the value of R. - -
& (3)
i -
L, .=. U.u.../ I0.mA- = %X O A
[}
2
R=._ 7.2 487 = S000600.NR

ﬁ ResultsPlus

Examiner Comments

This is a typical response in which the candidate has just found
the resistance of the parallel section of the circuit, as if the
resistor and V, had both been removed and replaced by the new
resistance R.

A

Be careful to correctly identify the context. In this case,
altering the original circuit diagram or drawing a new
one would have clarified the situation.

ResultsP

Examiner Tip

GCE Physics 6PH02 01
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(b) The student replaces the 10 £ resistor with a resistor of unknown resistance R. The
reading on V, is now 4 V.
Calculate the value of R.
(3)
- -4 '
o Velesy =72 LV 1ocoooeo
4+ I, = b A 2
¥ =5ocopo.
R= 000000{)
| {Total for Question 14 = 5 marks)
. >

+IUS

Examiner Comments

This candidate has also only calculated the new resistance of
the parallel section, but by the alternative method of applying
the ratio of the potential differences.

Question 15

The required answer here was a slightly simpler version of a typical atomic spectra
explanation, an example of a typical ‘set piece’ response. While slightly over half the entry
got 3 marks, a good minority were awarded 5 or 6 out of 6 for clear and logically organised
answers using correct technical wording.

There was a lot of confusion with the photoelectric effect, even with some answers that
got 4 marks for correct points. Some seemed to confuse photons with photoelectrons, with
references to photons changing energy levels and to electrons being emitted as photons.

A number of candidates failed to mention energy levels explicitly, and others were rather
vague in explaining the ground state, sometimes saying it was where the atom had zero
energy.

Although collisions made up most of the stem of the question, they weren’t always
mentioned in answers in the context of energy transfer to the atoms.

Answers generally referred to electrons moving to higher energy levels and then moving
down again, and also frequently to the energy being emitted in the form of photons rather
than just repeating from the question that photons were emitted.

GCE Phyvsics 6PHO02 01



*15 In a fluorescent lighting tube, electrons with a range of kinetic energies collide with

atoms of mercury vapour. These atoms are initially in their ground state. As a result of
these collisions, some of the atoms emit photons.

Explain what is meant by the ground state of an atom and why photons are emitted. ¢ // f'('_\/,oh}

)

% ResultsPlus

Examiner Comments

This response starts off well and gets four marks out of six,
but it becomes clear by the end that the candidate is getting
the photoelectric effect and atomic spectra confused, even
suggesting that electrons are emitted 'as photons'.

Q ResultsPlus
Examiner Tip

Learn standard descriptions thoroughly, and be
sure to know the difference between photons and
photoelectrons.
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*15 In a fluorescent lighting tube, electrons with a range of kinetic energies collide with
atoms of mercury vapour. These atoms are initially in their ground state. As a result of
these collisions, some of the atoms emit photons.

Explain what is meant by the ground state of an atom and why photons are emitted.

TLL &a\m S¥e. loved ey lerel M on. efe&m

gﬂmb %ccé\?ong m&%m
%axe[edms . ue%hmlsgcw&“«
abrs. e et eledf'onsﬂ\ back B bwer e»@
States, %«_crf/&dl%vm MM sfac%saeus
g o _as .

This is a typical full mark response which sets out the relevant points
concisely and in a logical order, using the correct terms at each stage.

ResultsPlus

Examiner Comments
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Question 16a

The great majority scored at least 1 for using V = IR, with half the entry getting full marks
for finding the terminal potential difference correctly.

Some of those not getting the final answer wrote V = E - Ir, but got V and E confused
to get an answer of 13.2 V. Most of the others thought 1.2 V was the required answer.
Diagrams were rarely seen.

16 A car battery has an e.m.f. of 12 V and an internal resistance of 3.0 x 10~ €. For the
starter motor to turn the engine, the battery must provide a current of 400 A.

(a) Calculate the terminal potential difference across the terminals of the battery when
the current through the battery is 400 A.

N WAV,

(3)

Terminal potential difference = \ ?—V

ﬁ ResultsPlus

Examiner Comments

This response shows the use of V = IR to calculate the 'lost
volts', but treats this as the final answer.

This value should have been subtracted from the e.m.f. to find
the terminal p.d.

A
Q ResultsPlus
Examiner Tip

Using r as the symbol for internal resistance rather
than R might well have reminded this candidate of the
correct equation to apply.

GCE Physics 6PH02 01
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16 A car battery has an e.m.f. of 12 V and an internal resistance of 3.0 x 10 Q. For the
starter motor to turn the engine, the battery must provide a current of 400 A,

(a) Calculate the terminal potential difference across the terminals of the battery when
the current through the battery is 400 A,

125 E~ 400x30xi0"> .

3)

Terminal potential difference = /32’ S

¥lus
Examiner Comments
The correct equation has been given, but has then been misapplied

by using the value of e.m.f. as the terminal p.d. The candidate does
not appear to know that E is e.m.f. and V is terminal p.d.

OO ResultsPlus

Examiner Tip

Learn all the symbols used in equations and carefully
identify each before substitution for calculations.
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Question 16b

A majority got 2 marks, but few got 3. 2 mark answers could have missed any of the
three required points, either failing to indicate the relevance of the 400 A current, not
linking thickness to a large cross-sectional area or not mentioning a low resistance. These
candidates may have benefited from considering whether they had made three distinct
points which could be awarded marks. Candidates attempting to use I = nAgv alone did
not score full marks. ‘Area’ was accepted for ‘cross-sectional area’, but a few candidates
explicitly stated ‘surface area’, removing the ambiguity and the chance for a mark.

(b) The copper wires between the battery and the motor have a diameter of 1 cm.

Explain why such a thick wire is needed.
3)

.he vesisianm  provded by A wire S inversely proportions
Lo Ahe dhickness of Ahe cuive . Se inordel de vedvR

_.dhe  resistane 1N Ahe wwe | a3 {hick wvive s ased.

ﬁ ResultsPlus

Examiner Comments

The candidate has identified the need for a low resistance, but has only repeated the
question in referring to a thick wire and failing to link it to large cross-sectional area.

In addition, the full explanation needs to say why low resistance is needed by
reference to the large current or its effects.

FA Ahck  wire . fs. 0ceded  because. it is. . subject. . an

exttenaly. ... high.. cutvent. . of . 00 A .. Inessing. . tue... cvss sectianal. ..
Laea of  the . wire . will . reduce it resistance.. el Whish . wenld. ...

otherwise . be. gremt . md . que..a.. lot. of . Harmal. . energy.

causing... the.  wire to. . melb. ..

ResultsPlus

Examiner Comments

This is an example of a well structured, full mark response. It
states the relevance of the large current and establishes how a
low resistance can be achieved.

GCE Physics 6PH02 01

21



Question 17a
A large majority correctly gave the relevant units or quoted R = V/I for the mark. Those
that didn’t frequently attempted to use resistivity but were not credited because this already

included the ohm.

17 (a) Show how the ohm is derived.
(1)

V= IR —J)nyi'@‘é“ Rz s
R: R 4 (oD 5

ResultsPlus

Examiner Comments

This response gets the mark by identifying the starting point for the
derivation, but it is notable that a number of candidates seemed content,
after incorrectly dividing fractions, to say that an ohm is the same as a watt.

17 (a) Show how the ohm is derived.

¥ () = flam)x kem) = )
A (m™) :Jf’?;w

ResultsPlus

Examiner Comments

This response attempts to use a unit already containing ohms to derive ohms.

A\

OO ResultsP

Examiner Tip

us

A unit cannot be used to derive itself.
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Question 17bi

While the majority gained full marks for an answer in the required range, about a tenth lost
a mark by misreading the current value. Current was sometimes quoted as 2.2 A or 2.4

A, indicating that they looked at the last marked I value below the point on the y axis and
counted up to point A without referring to the rest of the scale to establish the value of each
division.

A minority of candidates drew a tangent at A and calculated its gradient, using the inverse
as their resistance value. This misconception, that the gradient of a potential difference-
current graph gives resistance, was also seen in part (b) (ii). While not exactly widespread,
it is not uncommon either, even among recent graduates. AS level students will often bring
this idea with them from GCSE. It is stated that the gradient equals resistance in some
GCSE text books with reference to the straight line V-I graph for a metal, and some books
state that the gradient for this graph is just numerically equal to resistance, but by then

it has lodged with some students and subsequent qualification for other curves fails to be
internalised. Students are used to other cases where a straight line graph is seen before
applying the gradient to curves, e.g. for displacement-time graphs, so they need to know
that this relationship is not a rate of change. Perhaps learning resistance thoroughly before
doing experiments leading to V-I graphs would help, along with pointing out that Ohm'’s
law really just says that resistance is constant in the defined situation and linking it to the
constant ratio along the line rather than a gradient. For curves this might be demonstrated
with lines from the origin to the point in question which are clearly not tangents.

GCE Physics 6PH02 01
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Metal conductor Thermistor

(i) Calculate the resistance of the thermistor at point A.

(2)
R N/L

Resistance = 909 <

ﬁ ResultsPlus

Examiner Comments

This candidate has misread the current scale, apparently taking
each small square after 0.2 A as 0.01 A, and just gets the first
mark for use of the correct equation.

OO ResultsPlus

Examiner Tip

Read graph scales carefully, looking at the marked values above
and below the relevant point to establish the value of each square.
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Metal conductor Thermistor
(i) Calculate the resistance of the thermistor at point A.
L | 3=z (2)
=\ — = - .
ry SF‘M _ L 3.yl - o:.2¥
R = .18

Resistance = E‘ . 7‘5 =,

Jus

Examiner Comments

This is a clear example, fortunately rare, of the gradient being calculated.

OO ResultsPlus

Examiner Tip

Resistance is defined using R = V/I. It is not the gradient of a
graph of p.d. against current, and must be calculated using the
single values of p.d. and current at the relevant point.
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17 (b)(ii) Most candidates knew that resistance is constant for the metal and changes for
the thermistor, although they did not all state that the change was a decrease.

Some misinterpreted the graphs as if they were resistance against potential difference,
saying, for example, that resistance is proportional to p.d. for a metal. There were more
references to gradient in this part than attempts to use a tangent in part (b) (i), but the
mark was given for the correct description of variation and not the justification from the
graph so they were not penalised.

17 (b) (iii) Performance fell off for this part with 2 mark answers being rare, and 1 mark
answers were more likely to refer to more charge carriers than to the current causing a
temperature increase. Many students described a metal and gave the ‘set piece’ answer for
the increase of resistance with temperature, even if they had identified constant resistance
for a metal and decreasing resistance for a thermistor from the graphs. Some suggested
that faster electrons meant a larger current. Many candidates were not aware of the
difference between semiconductors and metals.

(11)) Use the graphs to describe how the resistance varies with potential difference for
each component.
(2)

-1

\ '|I \ ) vy \ \ )
The  mell  condubme. s 8. ottt cossbong . whatas. the

b he. fms\ru B doc N\J\‘?

(iii) Explain, in terms of electrons, why the thermistor behaves in this way,
(2)

RSNE‘“F““\“'P— \“M%‘L 49i0S .. ment.. LYY anth “M Gre  more

.......‘.’..‘f-‘.l..l.l3..f<‘-?!f‘5........L@’.’.‘.ME.G........*'T‘.}..GF..'T.‘.!?.“L Mﬂtﬂf*w so. e uxhne 05 tngeared,

ﬁ ResultsPlus

Examiner Comments

In b) ii) the constant resistance for the metal is identified. The resistance of the
thermistor is described as variable, but the candidate needs to say how it varies,
i.e. whether it increases or decreases.

In b) iii) the candidate is describing the effect of temperature on a metallic
conductor rather than a thermistor.

A

Results#

Examiner Tip

You are advised to learn standard descriptions, such as the effect of temperature on
resistance, but make sure you are applying these to the situation described in the
question and not just thinking of a previous question you have used for practice.
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(if) Use the graphs to describe how the resistance varies with potential difference for
each component.

(2)
e cesiskance (s Consbant. foc P onebod conduckor. becowsc.d has.@.
. Constank..qraduunt... The dheaoustor's. resistan cs...ia. Consbank o

beqn. wikh.. buk. 0yt pounk. B dhe. graph. begini o cunm aundl dha ...
resiskance _.begmfs_. EQRALCLCOR oo

(iii) Explain, in terms of electrons, why the thermistor behaves in this way.

Mmdul ()
.becowse o%&wﬂ;ﬁs up i, mntul,nrelﬂam MOCE. CNOUYR~ COMTIRS. ...
Ledackeons)... uhach, vnaoms Mook e cumend . rises. 4oc. o Adtle rise.
. potenbal digterencs .. S _m______E._;_.A___}L. 0. ORT i cwaies I ald

ﬁ ResultsPlus

Examiner Comments

Although this answer to b) ii) is in terms of gradient rather than the ratio of V to I,
the marks were awarded for the correct description of the resistance in each case.

b) iii) correctly identifies the current causing a temperature rise and the release of
charge carriers, even though some of the other details are not quite correct.
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Question 18

A good majority scored at least 4 marks for the whole question, 4 being the median mark,
with marking patterns of 310 and 112 both seen fairly frequently. For some reason, those
calculating the critical angle were less likely to describe the light in the curtains correctly
and vice versa. In part (a) it was not always obvious whether candidates were entirely clear
about how they reached their answer since the value of a sine must be less than 1 and
there was only one way to get that. The ,m, etc notation was confusing for some and m sin
i = constant might be a helpful approach. Some candidates didn’t realise that rounding sine
values would make such a significant difference to their answers and should be aware of this
in future as, if this had been presented in ‘show that’ form they might have thought they
had the wrong answer. Part (b) was rarely incorrect, with a few suggesting refraction would
take place and the bet-hedging term ‘reflaction’ being seen rarely. Students often seemed to
have the idea in part (c) without being able to express it clearly. They sometimes only got
the last mark because they were not explicit about the repeated reflection down the fibre.

18 Optical fibres have many uses in medicine and communications. They can also be
incorporated into items such as the curtains shown in the photograph.

Some optical fibres are made from a central core of transparent material surrounded by a
material of a different refractive index as a cladding.

Core

Cladding

speed of light in the core = 1.96 x 10 m s
speed of light in the cladding =2.03 x 10° m s™

(a) Calculate the critical angle for the core-cladding boundary.

Moz Veorg o L D600 2 0.6 55172414
‘/“M“'j 2.03v(07 :

:0.9¢°

Critical angle = f_) q &
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(b) The diagram below shows a ray of light inside the core of a fibre, The ray is
incident on the core-cladding boundary at an angle of 80°,

State what happens to this ray of light when it is incident on the core-cladding
boundary as shown.
(1)

(c) The light source for these curtains is at the top.

Suggest why the bottom of the curtain is much brighter than the rest of the curtain,

leone ok o ba M Ge ke af i e

2

J

Examiner Comments

In a), given just two numbers, dividing one by the other is one of a
limited number of options, and the formula used was then selected from
the data sheet. The candidate has not remembered that m stands for
refractive index and has simply taken it to be the required angle.

This answer refers to reflection correctly in b), but does not apply it
fully in c), just saying that the light would 'struggle to get into the
cladding'. Having used the correct terminology earlier, it should have
been clear that verbs such as 'struggle' are not appropriate to inanimate
contexts and the idea of reflection should have been applied again.
There should generally be an expectation that ideas from earlier parts
of questions will be developed in later parts.

\

OO ResultsPlus

Examiner Tip

Apply scientific terminology at all times.

GCE Physics 6PHO02 01
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18 Optical fibres have many uses in medicine and communications. They can also be
incorporated into items such as the curtains shown in the photograph.

Some optical fibres are made from a central core of transparent material surrounded by a
material of a different refractive index as a cladding,

Core

Cladding

speed of light in the core = 1.96 x 10* m s°!
speed of light in the cladding = 2.03 x 10° m s™'

(a) Calculate the critical angle for the core-cladding boundary.

3)
1.d6 *ﬂo? (
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(b) The diagram below shows a ray of light inside the core of a fibre. The ray is
incident on the core-cladding boundary at an angle of 80°.

State what happens to this ray of light when it is incident on the core-cladding
boundary as shown,

()

e g woutd e bty abrnlly yefeded.

(c) The light source for these curtains is at the top.

Suggest why the bottom of the curtain is much brighter than the rest of the curtain.
(2)

Becvse A e bolrtof Mecytin slifhe lghh 15 sliowed o o8 tape o
Yhe ophicle. fiuvs tohere o8 Sefore. Moskol e \ight wors continually Vefherd
Ll Vg e lighr s Bvsaibed

ﬁ ResultsPlus

Examiner Comments

a) The candidate has adopted the correct approach to the problem,
but has gone on to get the media in the wrong order. It may be that
using the approach m sin i = constant is a more useful method for
solving refractive index problems as it avoids this problem.

Part b) is correct and it is applied appropriately to answer part c).
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Question 19a

The majority got this correct, with a few dividing the numbers or making mistakes with
powers of 10.

19 Energy is a very important concept in physics. Energy is usually measured in joules, but
may be measured in electronvolts (eV) or kilowatt-hours (kW h).

(a) In an X-ray tube an electron is accelerated across a potential difference of 100 000 V.
The electron gains 100 000 eV of kinetic energy.

Calculate this energy in joules,
(2)

100, 000 o¢. % \Gxlo "N -

(L TR 2 L T N

100000eV=_1.6210 J

Resultstlus

Examiner Comments

Candidates occasionally make slips like this, multiplying by 100
rather than 100 000.

19 Energy is a very important concept in physics. Energy is usually measured in joules, but
may be measured in electronvolts (eV) or kilowatt-hours (kW h),

(a) In an X-ray tube an electron is accelerated across a potential difference of 100 000 V.
The electron gains 100 000 eV of kinetic energy.

Calculate this energy in joules.

1V léxo g
g

00 000 6-2Sx10. 3
}-éxloiﬁ

(2)

. 7.3
100000evV=__ 6 " AS®IO

ResultsPlus

Examiner Comments

Some candidates used the value of eV from the data sheet, but divided instead of multiplying.

GCE Phvsics 6PHO02 01



Question 19b

Only about a third got this fully correct, and under half got credit for power x time. This was
often because they misread the question and applied the factor 8 twice, assuming it was 8
kW for 8 hours. They usually converted time to seconds correctly.

(b) A 1000 W domestic heater dissipates 8 kW h of energy when used for 8 hours,
Calculate the energy dissipated in joules.
(2)
B J01 VA S SNE =1 =Y & I T
B A OO O e
§kWh=_ &HewLo . ...]

ResultsPlus

Examiner Comments

This response combines two errors. The power has been taken as
8 kW and the time has been left in hours.

A
OO ResultsPlus

Examiner Tip
For answers in SI units, time must be in seconds.

(b) A 1000 W domestic heater dissipates 8 kW h of energy when used for 8 hours.

Calculate the energy dissipated in joules.

%€ (60x60Ox8) = 288005
x &.X 10> W=

gkwh=_ L 20LOOO OO

ResultsPlus

Examiner Comments

This candidate has correctly calculated the number of seconds in 8 hours, but has also
applied the factor 8 to the power, probably because 8 appears twice in the question.

GCE Physics 6PHO02 01 33



Question 19c

Somewhat under half of the entry got a mark for this, some of them extending it to a
second mark. Very few chose to relate the convenience to the origin of the unit. Many
described large and small quantities, but didn’t always make it clear they were comparing
to Joules, and often just said things like ‘very big’ or ‘very small” without stating the unit to
which they were referring.

(c) Suggest why, in the above cases, the electronvolt and the kilowatt-hour are more
convenient units than the joule.
(2)
L Brconce. waambars ace. fu\l\g chxful\b;w»l\ SO s
LY S LY SRS eV e 3 M.LLM..“’«)Q-HP une. . el o WMot docamh
e 0 Whu of . 2ecos . ab M ond o Flam, e

R e

ﬁ ResultsPlus

Examiner Comments

While this candidate appreciates the relevance to this context
of 'really big' or 'really small' numbers, it has not been made
clear which refers to eV and which to kWh. If it is not stated,
the term 'respectively' will be applied. As they are in the wrong
order here with respect to the question, it has to be assumed
that the references are incorrect.

In addition, it is not specified that it is the values in joules which
are 'really big or really small'.

(c) Suggest why, in the above cases, the electronvolt and the kilowatt-hour are more
convenient units than the joule.

ResultsPlus

Examiner Comments

This response identifies eV and kWh as referring to small and large quantities respectively,
but the question asks about the joule specifically and it is not mentioned in the answer.
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Question 20a

There was a bit of confusion with spectra here, with some mixing up of electrons and
photons, but not to the extent seen in question 15.

The majority scored at least one mark for the emission of an electron and also picked up a
second mark for either relevant reference to photons or describing why the leaf falls after
electrons are lost.

A surprising number made no reference to photons at all, so they were unable to get a mark
for the work function. Most at least attempted to refer to the work function as instructed by
the question, although a few omitted it. Work function was sometimes described incorrectly
in relation to threshold frequency, or just said that UV radiation has more energy than the
work function or enough energy to overcome the work function - both without reference to
photon energy, which is really the point of this topic for AS students. Some attempted to
use the equation, but they didn’t always identify the parts correctly.

With respect to the charge on the electroscope, some thought the photons carried charge,
sometimes negative and sometimes positive, and some thought that the emission of
electrons produced a positive charge which attracted the gold leaf.

*(a) The gold leaf slowly falls.

Explain, with reference to the work function of zinc, why this happens.
(4)

Astoe xonensin, S INe. LUIDTMOEL. AL ADWAN0K e IgW....

0NN LINIDARNAN. SONS OO POOroeconon.. WASQS O PrOCess

§0.50L. \C0L WOME OO SIoNIL .

STORLITTC FANCNON OF. 23006 £NODIES. €11 OB, QONONOX ...
ROBTYY e DR yronsenned tosne, me..gkm.,m..mgimgmj
H0R. LAECH0NMLNOL INONE 21RO URL N0 Rnnik. POorOXECKONS ...

ﬁ ResultsPlus

Examiner Comments

This answer shows identifiable signs of familiarity with the underlying
principles of the photoelectric effect, but only gets credit for saying a
photoelectron is emitted. The answer lacks clarity of expression and the
precise use of technical terminology.

It refers to a ray rather than a photon. A single electron is said to be
emitted, but this does not account for the leaf falling. The section about
the work function is essentially correct, but it is not related specifically to
photon energy.

GCE Physics 6PH02 01
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*(a) The gold leaf slowly falls,

Explain, with reference to the work function of zin¢, why this happens,
(4)

R ibevioet Lghb (3 dvone g Mg DR plate

marhwwmwaia{mhm LA sk A
oM i e Ml ot fAl MG

W\ o o fag ML DA gk wor A gpid

mj o O o Mty e heene.

ﬁ ResultsPlus

Examiner Comments

The loss of electrons and falling leaf are adequately covered
here, but there is no reference to the work function despite the

clear instruction in the question.

A

Py

Examiner Tip

us

Be sure to address all parts required by the question.
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Question 20b

A large majority got the mark here, by a correct reference to photons and work function or
to threshold frequency. Those who didn’t sometimes omitted reference to photons, speaking
just of the energy of UV light, some said the threshold frequency was greater than the work
function, and some just said visible light has less energy than UV radiation.

(b) Why is the effect not observed if the ultraviolet radiation is replaced by visible light?
(h

"1".]“’ f}\f 2y u#e . fmh\? P/rff?/mu ‘

ResultsPlus

Examiner Comments

This just refers to the light not meeting the work function. It needs to
compare the work function energy to the energy of the photon.

(b) Why is the effect not observed if the ultraviolet radiation is replaced by visible light?
(1

The frequency of visible light s lower Hhon that of
uhtraviolet  radiation.

ﬁ ResultsPlus

Examiner Comments

It is not sufficient to compare the frequency of visible light to
that of ultraviolet radiation as that does not, in itself, mean that
visible light will not work. The relevant comparison is with the

threshold frequency.
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Question 20c

Half of the responses to this question were fully correct and a tenth missed one mark for
completing the calculation to get the required answer. Sometimes this was for forgetting

to find the square root. Some only got as far as the kinetic energy and a number failed to
start by using the wavelength to find photon energy, either via the frequency or directly. A
number of candidates substituted all the values into the photoelectric equation directly, but
sometimes failed to get the final answer through making a mistake with the rearrangement.
Candidates who set out their answers clearly in stages generally had little difficulty.

(¢) Ultraviolet radiation of wavelength 2.00 x 10”7 m is shone onto the zinc plate.
Calculate the maximum speed of the electrons emitted from the plate.

work function of zin¢ = 6.88 x 1077 J
(4)

643 % 107 x 200x107 = £.83x107 + qllulo™ v
-7

—

Akt

| 29 -
Maximum speed of electrons = I Z&gngj, 57:’? .

ﬁ ResultsPlus

Examiner Comments

Although the correct equation has been selected, the value

of wavelength has been substituted for f instead of frequency
being calculated from wavelength. This gives a negative value
for v2, which ought to have rung alarm bells for the candidate,
but this has been ignored in calculating a square root.

Q ResultsPlus

Examiner Tip

Unexpected results of calculations, such as the square
root of a negative number or a velocity greater than
the speed of light, are probably due to errors and
should be checked rather than ignored.
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(¢) Ultraviolet radiation of wavelength 2.00 x 10__:" m is shone onto the zinc plate.
Calculate the maximum speed of the electrons emitted from the plate.

work function of zinc = 6.88 x 1079 ) &

(4)
) Cb =, ,G.-..S.&.?'\\O“"‘J. = Wfo . fox & = (6.8310™)
| | M (ee3moW)

No= (Loux0)(2.00me ™)

ﬁ ResultsPlus

Examiner Comments

This candidate has used the work function to calculate the
threshold frequency and then used this with wavelength in the
wavespeed equation to get a spurious value of speed.

This is an example of selecting equations which have matching
quantities to arrive at an answer with the correct name and
dimensions but which has no contextual relationship to the
correct quantity. Although v in this equation does represent a
speed, it is the speed of a wave and not an electron. Similarly,
the wavelength of a particular radiation has been matched to
the frequency of a different wavelength - that of photons with
energy matching the work function.

GCE Physics 6PH02 01
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Question 20d

About two thirds of the candidates correctly stated that there would be no change, but only
a quarter of them said why correctly. Some just referred to the photoelectric equation,
saying that distance was not a factor in it. Many did not refer to photons, just commenting
on the energy of the radiation.

Candidates suggesting a change usually chose a decrease in electron speed, often linking it
to intensity — again missing the point of a central aspect of the photoelectric effect. Some
misread the question and thought the Doppler effect was a factor, reducing energy through
an increased wavelength.

(d) The source of ultraviolet radiation is moved further away from the zinc plate.

State what will happen to the maximum speed of the electrons emitted from the
plate. Justify your answer.

- 6 WU Ao creons becate et VR UG
L)c Qe b\ tnCeee the e ¢ dﬁcﬂrﬁam tug
e Reaer photend reeehnd Madecs .

@im&:%ﬂhwuw% &\@1\ Rieckiond. ... bepd..
\/\\I{\Q‘bc 6./\91% (Total for Question 20 = 11 marks)

Plus
Examiner Comments

This sample is very well set out and shows a logical structure leading to
its conclusion, despite it being quite incorrect. This is a good example of
the reasoning expected by Classical Physics, but the candidate has missed
the point that this is not what is observed and that, since Einstein's 1905
paper, we explain the effect in terms of photons.

(d) The source of ultraviolet radiation is moved further away from the zinc plate.
State what will happen to the maximum speed of the electrons emitted from the
plate. Justify your answer.
. [.‘"”-j" l."f‘."‘.. SeNY e o Bt 2088 ) \ - l\\ﬂ Lt Snlrel \§ ’
.B . ol asisle & (adielinn. inUee. .S
L

\/ ﬁ:/a( . hence .8 (’.e.&t.c‘. 1h(/eage,

ResultsPlus

Examiner Comments

Some candidates misinterpreted 'moved further away' and thought the Doppler
effect would occur. This candidate has compounded this error by using the
increased wavelength which would be produced and to deduce a greater velocity
for the radiation and then taking that to be the velocity of the electrons.
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Question 21a

Nearly half got 3 marks and the median mark was 2. The most common missing mark by far
was the unit for tension, which was surprising when this is a known quantity and mass per
unit length had to be deduced from its name. Some students might benefit from practice in

deriving quantities from equations on the data sheet.

(i) Explain how the standing wave is produced.
3)

. when ktwo waves of 4the Fame

are movin ey o) oGlee Arecrion superpPos e

Q standing  Wave 16  Prodaced 1 e

type ~ wWhich

)

ResultsPlus

Examiner Comments

This was a fairly common response where candidates were able to deduce the new
unit of mass per unit length from its description, but could not give the base units
for newton. One way to get the base units for a derived unit is to use an equation

and substitute the known units, for example F = ma from the data sheet.

21 (a) A transverse wave travelling along a wire under tension has a speed v given by

T
yp= [—
H

where T'is the tension in the wire and u is the mass per unit length of the wire.

Show that the units on both sides of the equation are the same.

vz veledz g

H‘-__,_._--'-'-_-._—-—“m

)

ResultsPlus

Examiner Comments

The correct answer is derived here, but it does not exactly fulfil the instruction to
'shoy\that' it is correct because the units for N are not given, so a step is missed.

2@ ResultsPlus

When you are asked to 'show that' something is so you
must include all the relevant steps in your answer.

Examiner Tip

GCE Physics 6PH02 01
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Question 21bi

Half of the candidates picked up at least 2 marks here, and the great majority at least 1
mark. Each of the three relevant points was seen to be missing in some responses, but
reflected waves were mentioned most frequently. The third mark was awarded most often
for mention of nodes and antinodes. A fair proportion referred to waves superimposing,
which is not accepted.

This is another standard ‘set piece’ answer which can be learned and applied to many
situations — most of which will use the same core mark scheme once the nature of the
superposing waves has been established from the context.

(i) Explain how the standing wave is produced.
3)

. A Sheodion., ey ‘Xodw w#“—ﬂw\w&“’*“%(m‘“\

Lore  serk jq Sovre  end QA/‘?MWE Ma \s-”v.‘ B

\

ﬁ ResultsPlus

Examiner Comments

This only gets one mark for mentioning the reflected wave. This question is
often asked and candidates should learn the standard response. It should
also be plain that there are three marks, so three points will be needed for
an answer. This candidate may have thought they had three points - waves
sent, waves reflected, standing wave produced - but just repeating the
question will never be one of the three points for an answer.

¢ ResultsP
Examiner Tip

If an explanation is worth three marks you should be
sure to include at least three clear and separate points
in your answer.

us
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(i) Explain how the standing wave is produced.

o when two waves of 4he Same

Qare moving 0

tdpe
oPpoOgGite Awreciion

Q. sranding Wave 15 . Prodaced:

3)

which

Luperpose

ﬁ ResultsPlus

Examiner Comments

This answer gets two marks for the two waves and use of
'superpose’, but fails to mention any of the features of a
standing wave caused by superposition for the third mark.

OO Results¥lus
Examiner Tip
Learn the standard definitions and descriptions which

occur frequently so you can apply them easily to the
required context.

GCE Physics 6PH02 01
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21 (b) (ii) A good proportion could state the wavelength, but 2 m and 1 m were seen fairly
often. A number of answers referred directly to , e.g. 2.

21(b) (iii) This presented few difficulties in general, but the most common errors were
neglecting the square root and multiplying the weight value by g, mistaking the value stated
as weight for mass in order to attempt to calculate weight. Candidates occasionally divided
weight by g.

“ (i) Calculate the wavelength of the standing wave.
(1)

Q% 2.28.0 M | | |
Wavelength = ... A‘ m

(iii) The weight is 150 N and the mass per unit length of the wire is 0.0050 kg m™',

Using the equation given in (a), calculate the speed of the transverse wave along
the wire,

(2)

Speed of transverse wave = 3 OFC(D M!

Examiner Comments

Candidates sometimes forgot the square root.
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(ii) Calculate the wavelength of the standing wave.

(1)
2 m W T 2 Gm
Wavelength = . 4"”] [
(iii) The weight is 150 N and the mass per unit length of the wire is 0.0050 kg m',
Using the equation given in (a), calculate the speed of the transverse wave along
the wire.
(2)

., ((1S0% M . & -
V’G—;% PR < 41 . -4 N7 N

‘ Speed of transverse wave = %S?{‘Z’q.' q”“s .

ResultsPlus

Examiner Comments

Although they were given the weight in newton, some candidates still
multiplied this value by g, as if they were calculating W = mg.
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Question 21biv

Most candidates were able to get a first mark, often for suggesting that more nodes,
antinodes or ‘loops’ would be seen, although they sometimes lost this by describing it as
more standing waves on the string. About half also got a second mark, for decreasing
wavelength, suggesting frequencies at which no effect is seen or diagrams showing a
sequence. The constant wavespeed was not often mentioned, even by those who must
have assumed it to deduce a shorter wavelength, despite it being given at the start of
the question. About a fifth got 3 marks, but 4 were very rarely awarded. Some responses
dealt in some detail, including diagrams, with the sequence of patterns seen, suggesting
that they had seen the experiment suggested in the specification. To others this appeared
to be a novel application. Some of the diagrams provided were of more use than others,
particularly as quite a few showed a constant wavelength and an increasing length of wire
to accommodate the extra ‘loops’, but even when they didn’t gain direct credit they probably
helped candidates to visualise the situation and get some of the marks.

(iv) The wire is observed as the frequency of the vibration generator is steadily
increased to several times the frequency that produced the first standing wave.

Describe and explain what is seen as the frequency is increased.
(4)

Tae..oW b v vdey | and | abedes L coned

e il W me e uive -

ResultsPlus

Examiner Comments

The question asks candidates to 'describe and explain’, but this
response only includes a description.

2//\
Q Examiner Tip.

Carefully note the command words, such as 'describe’
and 'explain', in the question and be sure to work to
the required level in your response. When you need
to explain you must give a reason why something
happens, not just say what happens. Even if you don't
use the words specifically, think whether 'because' or
'so' could link the reason and the description.
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(iv) The wire is observed as the frequency of the vibration generator is steadily
increased to several times the frequency that produced the first standing wave.

Describe and explain what is seen as the frequency is increased.
(4)

’C\\’ L fregcency . A5 cntneased  mae loopr il ket seen. . has

1 Jz'.{:'_[ olce Uu quLma_}&_, Incy L-E.cww fherTer,.

Examiner Comments

This describes one observation and explains it appropriately, but clearly only includes
two points. Although it is implicit in the equation shown, the candidate did not state that
speed is constant, for example, and there was more to say about the observed patterns.

Examiner Tip

In descriptive answers, consider whether you can
identify a distinct point for each mark being given.
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Paper Summary

Candidates should identify standard situations, such as standing waves, atomic spectra,
photoelectric effect and effect of temperature on resistance, which occur frequently and
require very similar descriptions and explanations with only slight variations for context.
While taking careful note of the context so as not to answer a question from the previous
paper instead of the current one, they should prepare ‘set piece’ answers. Candidates
should take note of the available marks for a question and be sure they have made a
sufficient number of feasibly creditworthy responses in their answer. The use of bullet points
may help with this.
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