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Introduction

This is the sixth summer series in which Unit 2, Physics at Work, has been examined. The
assessment structure is the same as that of Unit 1, Physics on the Go, consisting of:

Section A with ten multiple choice questions, and Section B with a humber of short answer
questions followed by some longer, structured questions based on contexts of varying
familiarity.

This paper allowed candidates to demonstrate their knowledge of content across the whole
specification for this unit, showing progression from GCSE and answering questions to the
depth appropriate to their level of understanding.

There was some evidence of candidates quoting answers from mark schemes to previous
papers when they were not entirely relevant to the questions in this paper, such as the
roar of a tiger in question 11 and ‘reference to E = hf in 13(b). While past papers and
mark schemes are useful preparation, candidates could use them to help them to learn the
physics rather than learn the actual mark schemes.

A number of responses were seen where candidates recognised the situations and had
some recall of techniques, explanations and terminology, but imprecise detail and failure to
express themselves clearly prevented the award of marks.

SECTION A - Multiple choice

Question |Percentage of correct responses
1 87
78
71
92
76
39
87
84
48
10 72

OO |N[ODn|h~|WIN

In the following questions a large majority of candidates with incorrect answers made the
same choice.

Q1. Most of those choosing incorrectly identified period, suggesting that they read it a bit
too quickly and focused on ‘one oscillation”.

Q2.The favoured incorrect response was D, so the correct equation was applied but the p.d.
used was 3.0 V from e.m.f. of the two cells.

Q4.The few who didn’t identify polarisation generally chose refraction. While they are less
likely to have observed this, they should know that it applies to all waves.

Q7. Although incorrect answers were rare, they were most frequently ultraviolet, suggesting
that the parts of the electromagnetic spectrum had not been learned in order because
ultraviolet and X-rays would both appear on one side so one could not be chosen without
the other.

Q8. The favoured incorrect response was ‘electrons behave as particles’ — essentially the
opposite of the correct answer. ‘Electrons have negative charge’ was chosen extremely
rarely.
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Other incorrect choices were more evenly spread - especially question 6 where the correct
answer was given 39% of the time and the others about 20% each, suggesting that this
was not at all well understood.

SECTION B
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Question 11

Apart from a few candidates referring to transverse waves, the great majority scored one
mark by stating that infrasound travels as a longitudinal wave, usually mentioning

compressions and rarefactions as well.

Only about half went on to achieve a second mark, because of imprecise expression and
ambiguous terminology. There was wide appreciation of the relative directions of the
oscillations and propagation, but the mark was often not awarded because these were not
sufficiently well described. For example, ‘movement’, ‘moves’ and ‘motion’ in this context
could apply to the oscillations or the propagation of the wave. ‘The movement is in the same

direction as the wave’ is a typical example.

The question specifically asked about infrasound in air, but relatively few candidates
mentioned molecules of air oscillating. Poor expression resulted in a few describing air
molecules being compressed individually when they should have been describing regions
of compression. Occasionally the answer that ‘the wave travels in the direction of energy

transfer’ is seen.
Describe how infrasound travels through the air.
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<E% ResultsPlus

Examiner Comments

This gets a mark for stating that the infrasound travels as a longitudinal wave. There is an idea
of compression and rarefaction, but it appears to say that individual particles are compressed.
'Along the plain of motion' may be an attempt to describe the direction of oscillation.

Describe how infrasound travels through the air.
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ﬁ ResultsPlus

Examiner Comments

2 marks are awarded, for longitudinal wave and for saying that
particles vibrate.

Areas of compression and rarefaction (spelled here as rarefraction)
are misidentified with nodes and antinodes, suggesting some
confusion with a picture of a longitudinal standing wave.

The description says 'it moves parallel to its direction of travel'.
While 'direction of travel' is clear, 'moves' could refer to the wave, in
which case the sentence says little, or to the motion of the individual
particles. This ambiguity is always introduced into descriptions of
waves when words like 'move', 'motion' and 'movement' are used
instead of vibration, oscillation, propagation etc.

Q ResultsPlus
Examiner Tip

Avoid using words like 'move’,
'motion' and 'movement' when
describing longitudinal and
transverse waves.
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Question 12

With only about half of the candidates getting a single mark for mentioning a very small
current through the voltmeter, this question demonstrated a generally poor understanding
of current and potential difference applied to circuits.

Candidates who suggested the current through the voltmeter should be small usually
failed to appreciate the significance of this. A common answer was that the current should
pass through the component rather than the voltmeter, as if there was a fixed current in
the circuit. In the context of their answers, these candidates did not appreciate that the
potential difference across the voltmeter would be the same as that across the component
and that the current through the component would therefore be unaffected. In this
guestion’s context, determining resistance, it is the ratio of potential difference to current
that matters and not the particular values anyway. The key point was that the current
through the ammeter should be the same as the current through the component.

As the question mentioned the voltmeter and not the ammeter, many discussed the effect
on potential difference, quite a few mentioning ‘voltage through the component’.

A few candidates discussed total resistance but could rarely express their answers clearly
enough to gain credit, usually saying little more than that 1/R would be very small.

Some candidates failed to score a mark through lack of detail, such as stating that the
ammeter reading would not be accurate without saying why or just saying the voltmeter
current should be low rather than very small.

Explain why the voltmeter should have a very high resistance.
(2)
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ﬁ ResultsPlus

Examiner Comments

Examiner Tip

This response is awarded 1 mark for describing
the possible effect on the resistance of the parallel
section of the circuit, but it does not say how this
would affect the measurement of the resistance of

You need to be able to describe the reasons for
the resistance of meters in terms of current and
potential difference in series and parallel circuits.

the component, i.e. by causing a greater current in
the ammeter than the current in the component.
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Explain why the voltmeter should have a very high resistance.
(2)

e e vetbneke has o b vaatsounce. s oA ghop.. .

Examiner Comments

This candidate achieves one mark for saying (twice) that the current
in the voltmeter is negligible. In an explanation this needs to be
linked to the final outcome, which is a correct determination of the
resistance of the component. The response says that all current
passes through the component, but the key missing effect of the
negligible voltmeter current here is that the current measured by the
ammeter is the same as the current in the component.

GCE Physics 6PHO02 01 7



Question 13 (a)

A large number failed to label the axes, so they could not get the mark for the correct
curve. A large number who committed themselves to labelled axes drew the curve the
wrong way. Quite a few with labelled axes and the correct curve did not take sufficient
care with their drawing and added a ‘hook’ showing decreasing current at the end. Most
candidates gained a mark for symmetry, but only a third scored full marks.

13 (a) Sketch a graph to show how current varies with potential difference for a filament
lamp.

=H

<d\ Resuits+lus

Examiner Comments

This sketch has the general trend for the change in current and
p.d., but goes too far in showing a decrease in current. The line
is not drawn for negative values.

13 (a) Sketch a graph to show how current varies with potential difference for a filament
lamp.

Vi

ResultsPlus

Examiner Comments

Examiner Tip

The curve doesn't match the axes, as this sketch
indicates decreasing resistance at higher currents.

You should be able to sketch and
interpret I-V graphs for components
with either orientation of axes.
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13 (a) Sketch a graph to show how current varies with potential difference for a filament
lamp.

2 ICin )

.’

_/ V (on velbs)

ResultsPlus

Examiner Comments

A correct version.
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Question 13 (b)

The majority of candidates applied the correct model but answered the wrong question
here, commonly writing in detail about the effect of temperature on resistance and often
concluding with a statement that current is reduced, directly contradicting the question.
These candidates were still able to gain credit for establishing a link between energy
dissipation and collisions of electrons with lattice ions.

Most candidates who started with reference to I = nAvg realised that only v could increase
and made a better start, although a few thought n would increase.

Candidates giving the correct explanation sometimes failed to score the second mark
through a lack of detail, such as describing increased collisions but not saying what was
colliding with what, or failing to refer to an increase, for example just stating that there are
collisions of electrons with lattice ions. Some candidates only referred to collisions between
electrons.

(b) The temperature of a filament lamp increases as the current through it increases.

Explain this in terms of the structure of a metal.
(3)

B Labbee s vibele. Jﬂ L _____ Mo __L_m_i;,ﬁ cvpeBecoe. Mo

LAONS et wl{jm"'"‘ﬁ'a ‘”-g.i rs S - W MV‘-'L cjra,l'&‘ echenee. .. :.'l. bt

Aool - ]‘lv: s 1.1:1'“ .
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ﬁ ResultsPlus

Examiner Comments

This candidate is not answering the question asked. The
candidate is required to explain the increase in temperature
but instead starts with an increase in temperature and
describes its effect. Even there it should refer to increasing
lattice ion vibration and not just lattice ion vibration.

A

ResultsPlus

Examiner Tip

It is valuable to revise using past paper questions, but
read questions carefully to be sure they aren't just
similar at first glance to previous questions.
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(b) The temperature of a filament lamp increases as the current through it increases.

Explain this in terms of the structure of a metal.
(3)
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w ResultsPlus
Examiner Comments

The increasing rate for flow of electrons is identified, but there
is not sufficient detail in the rest of the answer. Interactions with
the lattice ions need to be included.

(b) The temperature of a filament lamp increases as the current through it increases.

Explain this in terms of the structure of a metal.
(3)
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Examiner Comments

This is a good answer overall which scored two marks. A
reference to the metal ions vibrating more is required for the
final mark because it is describing an increase in temperature.

GCE Physics 6PHO02 01
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Question 14 (a)

While a majority of candidates had an appreciation of the basic difference between polarised
and unpolarised light, lack of detail restricted the awarding of the first 2 marks to a little
over half and a fundamental misunderstanding of the geometry of the situation meant only
a fifth of candidates got full marks.

Candidates usually quoted a single plane or direction for polarised light, but they did not all
mention oscillations, many referring to light travelling in a single plane or direction.

Unpolarised light was similar, but a few more missed the mark through referring to ‘any
direction’ or ‘more than one plane’ which were not sufficient for ‘many’.

A number of candidates described directions of oscillations in one part and planes containing
the direction of oscillations in the next, so their marks were restricted.

Some may be losing the third mark because they are thinking of the definition of transverse
waves. They commonly say ‘polarised light has oscillations in a single plane which is
perpendicular to the direction of propagation of the wave’ (although even here some

repeat the error in question 11 and talk about the direction of movement of the wave). The
direction of the oscillation at a point is perpendicular to the direction of wave propagation,
but along the length of the wave the directions all align in the same plane which contains
the direction of wave propagation.

Candidates occasionally drew fairly detailed diagrams. These may help to clarify the
situation for the candidates concerned, but without detailed labelling they do not gain
marks.

14 Iceland spar is a crystalline form of calcite. An incident ray of unpolarised light is
separated into two plane polarised rays by a sample of Iceland spar. The two rays of
polarised light follow different paths,

(a) Explain the difference between polarised and unpolarised light.
gl b wban (ight frmda

at v
W&wﬂjwm@

Examiner Comments

Examiner Tip

The answer here refers to travel in many planes when it should
be oscillations in many planes. The planes are also described
as being at right angles to the direction of travel.

Diagrams will only gain marks if they
are fully labelled.

The diagram gains no credit because the arrows are not
labelled. Labels of 'oscillations in all directions (or planes)' and
'oscillations in one direction (or plane)' for unpolarised and
polarised light respectively would have been awarded marks.

12 GCE Physics 6PHO02 01



14 Iceland spar is a crystalline form of calcite. An incident ray of unpolarised light is
separated into two plane polarised rays by a sample of Iceland spar. The two rays of
polarised light follow different paths.

(a) Explain the difference between polarised and unpolarised light.

Examiner Comments

The first and last parts of this question gain a mark each. The rest is describing
the process of polarisation, which is not what this question is asking for.

14 Iceland spar is a crystalline form of calcite. An incident ray of unpolarised light is
separated into two plane polarised rays by a sample of Iceland spar. The two rays of
polarised light follow different paths.

(a) Explain the difference between polarised and unpglarised light.

ebecharangrvbc. .. ?QUM m-(. .ol plenes. ...

(L .
Pllansed 1AF —» fle oscillahia.  ae  cohehed
ohiechon of enegpn  Prmsher

ﬂ ResultsPlus
Examiner Comments

This response would get 3 marks without the references to 'perpendicular
to the direction of travel', but this phrase contradicts the correct reference
to 'this plane contains the direction of energy transfer' at the end.

GCE Physics 6PHO02 01
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Question 14 (b)

This was marked as a QWC question and said ‘explain’, so candidates were expected to set
out an answer that stated some points and linked them logically to provide an explanation
of the observation described.

Many candidates appeared to have forgotten the introduction to the question on page 8,
where they were told twice that a single incident ray results in two rays of polarised light, by
the time they start part (b) on page 9. There was rarely reference to this, although it was
necessary to include it in an adequate explanation, and in many answers it was stated that
there is polarised light and unpolarised light.

Candidates generally had some idea of what was happening when the filter was used, but
did not always describe it in sufficient detail. They often just said that a filter only allowed
rays from one image through, without saying why or that ‘polaroid filters only allow light
in one orientation to pass through’ without linking the orientation of the light and the filter
specifically for either transmitted or absorbed light.

Most candidates achieved a mark by describing a basic change in the appearance of the
images as the filter is rotated, but rarely gave sufficient correct detail for the last mark.
They frequently only considered the one image seen in the original orientation, and

often said it would ‘become polarised and fade away’ as the angle approached 90°, as if
‘polarised’ is synonymous with ‘absorbed’. Others were able to describe single images at
the correct multiples of 90°, but said nothing at all would be seen in between these angles.
Components were mentioned extremely rarely, and lack of this understanding matched the
descriptions of the in between angles.

Overall, about three quarters got at least 1 mark and nearly half got 2 or more.

Explain why only one image is seen and describe what would be seen as the filter is
rotated through 360°.
(4)

@ ﬁj‘m“g’?% arl Wm@@ e, Faras
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ﬁ ResultsPlus

Examiner Comments

The references to 'travels' in various planes don't help in this answer,
but a comparison with what the filter allows could still have been
made. The question asks about what happens through the whole
rotation, but there is only a clear reference to the end point.
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Explain why only one image is seen and describe what would be seen as the filter is
rotated through 360°.
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Examiner Comments

This answer is structured in a logical sequence,
addressing all points, and is awarded all 4 marks.
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Question 15 (a)

While a unit of eV or joule was often given, the quantity was usually ‘energy’ or ‘kinetic
energy’ only. The unit mark was still allowed for an incomplete version of ‘maximum kinetic
energy of photoelectrons’ as the quantity, so over half of candidates gained the unit mark,
but a very small proportion got the quantity mark as well.

Some candidates gave a number as the quantity, sometimes using the threshold frequency
on the graph to calculate the work function energy.

(a) State a quantity, and its unit, which could have been plotted on the Y-axis to produce
this graph.

larakie @My e peciied  @ree literien __f_f,j_ft'_'?i T

ﬁ ResultsPlus

Examiner Comments

This doesn't mention maximum and the unit is attempted in
base units, although there is no indication in the question
that this is required. The unit would be kg m? s=.

(a) State a quantity, and its unit, which could have been plotted on the Y-axis to produce
this graph,

ResultsPlus

Examiner Comments

A correct unit, but again no reference to maximum.
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Question 15 (b)

A large majority of candidates appreciated that a certain minimum energy is required for
photoemission and that this is significant to explaining threshold frequency, but the level

of detail in the answers varied widely. Many answers did not mention photons at all, and
quite a few did not even mention electrons, referring simply to the minimum frequency for
the photoelectric effect to occur. Some got photons and electrons reversed in their answers.
Sometimes this may have been because of the term ‘photoelectron’ having some similarity
to ‘photon’, but in other cases there was overlap with descriptions of atomic spectra where
photons are emitted.

A common statement was ‘the threshold frequency is the minimum energy required for
electron emission, conflating work function and threshold frequency".

Although candidates often list a set of facts when answering questions about the
photoelectric effect, and, indeed, a humber stated unnecessarily that the intensity only
affected the number of electrons emitted, the specific question was sufficiently different that
many did not make the usual statement that one photon is absorbed by one electron. E =
hf was often mentioned, but it was not generally used to link threshold frequency and the
minimum energy required, particularly when it was not identified as the photon energy.

Candidates sometimes lost out by not being clear about ‘minimum’, perhaps just referring to
‘a certain energy’.

(b) The threshold frequency is shown on the graph.

Explain why there is a threshold frequency.
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ﬁ ResultsPlus

Examiner Comments

(4)

This response gets close to most of the points but lacks the required detail.
Photons and electrons are not mentioned. The prerequisites 'for the photoelectric
effect to occur' are mentioned, but the precise nature of the photoelectric effect
is not established. 'The frequency of light needed' is not sufficient to convey the
idea of minimum frequency and 'to overcome the work function' is not sufficient
for minimum energy. E = hf appears, but it is not explained.

GCE Physics 6PH02 01
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(b) The threshold frequency is shown on the graph.

Explain why there is a threshold frequency.
(4)

Examiner Comments

A good, full mark response for comparison. The ideas are expressed
correctly and linked logically to give an explanation, as required.
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Question 16 (a)

The great majority completed this question correctly, scoring six marks, with the most
common error made by a small minority being a unit error for W or J.

16 An electric kettle is used to heat water from room temperature to boiling point.
(a) (i) Calculate the electrical power used by the kettle,

potential difference = 230 V

current = 12.5 A
(2)

Electrical power = ...
(i1} The kettle is switched on for 140 s.

Calculate the total energy supplied to the kettle.
(2)

Total energy supplied = ..

(iii) The amount of thermal energy transferred to the water is calculated to be 351 000 J.

Calculate the efficiency of the kettle at heating the water.
(2)

Efficiency = ...

ResultsPlus

Examiner Comments

Units have been emitted, so the final mark for the answers are not awarded.

A
2@ ResultsP

us

Examiner Tip

A quantity must have a magnitude and unit and the
mark will generally not be awarded for a magnitude
without a unit unless the unit has been indicated
already, such as in a 'show that' question.

GCE Physics 6PHO02 01
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16 An electric kettle is used to heat water from room temperature to boiling point.
(a) (1) Calculate the electrical power used by the kettle.

potential difference = 230 V
current =125 A

(ii) The kettle is switched on for 140 s.
Calculate the total energy supplied to the kettle.

Total energy supplied = 0L JOU YV

(iit) The amount of thermal energy transferred to the water is calculated to be 351 000 J.
Calculate the efficiency of the kettle at heatjm

IUS

Examiner Comments

The units for the first two parts were sometimes reversed, as in this example.
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Question 16 (b)

Most candidates scored a mark for identifying something other than the required useful
energy output, frequently the production of sound or the heating effect on the surroundings,
although some just stated that energy was wasted as heat without being more specific.

Only about one in three went on to qualify this by describing the useful energy output in
some way, although it was more commonly correct when the first mark was gained by
describing heating of something other than the water in the kettle.

(b) A student suggests that the useful energy required is thermal and the kettle only
produces thermal energy, so it should be 100 % efficient.

Discuss this suggestion.
(2)

e menrareser s HSa. . edl. QF ... W%MPM@L ......................................

ﬁ ResultsPlus

Examiner Comments

This response gets one mark for the idea of heating the
surroundings, but it does not include enough detail on how the
kettle 'doesn't use all of the energy supplied' by describing what
would be considered useful in this context.

(b) A student suggests that the useful energy required is thermal and the kettle only
produces thermal energy, so it should be 100 % efficient,

Discuss this suggestion.

(2)
a{& cf? reduncel. . "’(2 it 49‘““9'3; Jv{ff* nef
Allof. tab tnpigg. . s ARfU ol Tle
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(Total for Question 16 = 8 marks)

Horrmal Entrgy S (o5 e He kebHle i bl g0y s sm‘ﬂ

ResultsPlus

Examiner Comments

This is a full mark response for comparison. Useful energy is
defined and heating of the kettle and surroundings is described.

GCE Physics 6PHO02 01
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Question 17 (a)

This is a standard definition, but it does not always appear to have been learned as such,
with only a quarter of the candidates getting both marks. Most were able to identify a
packet of energy or similar, but many seem to think it only applies to light and did not refer
to electromagnetic radiation in general.

(a) Explain what is meant by a photon.
¢ P (2)
H
Resultst
Examiner Comments
This gets a mark for packet of energy, but does not refer to
'electromagnetic’.
0
4\ ResultsPlus
Examiner Tip
Standard definitions, such as this, of the
photon, should be learned in the correct detail.
(a) Explain what is meant by a photon.
(2)

0L f T N 7 L RN FCN 2 R B —

ﬁ ResultsPlus

Examiner Comments

A correct answer which is awarded 2 marks.
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Question 17 (b)

The great majority applied E = hf, but about a third of those did not convert from eV to J
first. A number of candidates omitted the unit Hz. A few did not calculate a difference in
energy levels.

(b) Calculate the frequency of the photons produced as the neon atoms drop from
level E; to level E,.

. ; ] 'F;equmcy: /qé#: S

J
ﬁ ResultsPlus
Examiner Comments

The energy level difference has been calculated, but no further
calculations have been carried out. Even though the energy values are
clearly in eV, the difference has been quoted in Hz as the final answer.
The operation of subtraction would net result in a different unit being
applied, a possible exception being between K and °C.

(b) Calculate the frequency of the photons produced as the neon atoms drop from
level E, to level E,.

o 20b6-15.70~ a6 E=hE f:=E4

(3)

<d\ Frequency = .. 2 q(ﬁfc%j B
ResultsPlus

Examiner Comments

A mark has been awarded for the use of E = hf, without conversion from eV.

No unit has been given, but it does not affect the mark because the
numerical answer is incorrect.

GCE Physics 6PH02 01
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(b) Calculate the frequency of the photons produced as the neon atoms drop from
level E, to level E,.
(3)

2066~ (v.re [ qbGy

L Eche

A Frequency = ..

ResultsPlus

Examiner Comments

The calculations are correct, but the unit has been omitted so
only 2 marks are awarded.
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Question 17 (c)

A number of suggestions were seen, but only one in twenty got the mark. Some missed out
by only identifying kinetic energy or the atoms and not linking them.

{c) An electron in level E, of neon has 0.05 ¢V more energy than an electron in level E,
of helium.

Suggest the source of the energy to make up this difference.

ResultsPlus

Examiner Comments

Kinetic energy has been identified, but not the body with kinetic energy.

(¢) An electron in level E, of neon has 0.05 ¢V more energy than an electron in level E,
of helium.

Suggest the source of the energy to make up this difference,

Examiner Comments

The atoms have been identified, but kinetic energy has been crossed out.

(c) An electron in level E; of neon has 0.05 eV more energy than an electron in level E,
of helium.

Suggest the source of the energy to make up this difference.
(1)

Vv

Examiner Comments

This gets the mark for kinetic energy of the atoms.

GCE Physics 6PHO02 01
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Question 17 (d)

The great majority of candidates were able to identify diffraction as the relevant
phenomenon. Most of those gained a further mark for describing the increase in the angle
through which the wave is diffracted as the slit width decreases, although some of the
answers were a bit indirect on this point. Some simply quoted ‘maximum diffraction occurs
when the slit width equals the wavelength’ and did not get the additional mark because they
did not link it to a decreasing slit width in this context.

Three marks were awarded to only about a quarter of responses because the link between
the term ‘diffraction” and the observation was not established by reference to the wave
‘spreading out”.

When the slit is fully open a laser beam is shone through it and a single point of light
1S S€en on a screen.

As the slit is reduced in width the point of light becomes a horizontal line that gets
longer as the slit gets narrower.

Explain this observation.
(3)

”'5‘*‘“‘ 5'"* 31’-‘3 AWy, diftracim A4 J,J 4 .

 ha el __ qﬂ S\f',t Suﬁfl‘w'?""" A’%ﬁﬁm s

ﬁ ResultsPlus

Examiner Comments

This identifies diffraction, but does not explain how it causes the effect seen
or the change with slit width. The statement about slit size is almost a quote
from the specification and has not been applied to the changing situation.
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When the slit is fully open a laser beam is shone through it and a single point of light
is seen On a screen. .

As the slit is reduced in width the point of light becomes a horizontal line that gets
longer as the slit gets narrower.

Explain this observation.

% ResultsPlus
Examiner Comments

This response identifies the phenomenon of diffraction and
states that diffraction increases with decreasing slit size, but
does not link it to what is seen by describing what diffraction is.

When the slit is fully open a laser beam is shone through it and a single point of light
IS seen on a screen.

As the slit is reduced in width the point of light becomes a horizontal line that gets
longer as the slit gets narrower.

Explain this observation.

_ﬂu‘s

(3)

- @Wd«fk i &W
At

ResultsPlus

Examiner Comments

A full mark answer, including the point that diffraction
is the spreading of a wave, which explains the line.

GCE Physics 6PHO02 01
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Question 18 (a)

Most candidates completed the calculations in this section. Although some went astray on
part (i) they were able to use the quoted value to complete part (ii).

In part (i) candidates rarely took full advantage of the photograph and only measured one
or two wires against the scale. Others either had difficulty counting or extrapolated their
value for two widths of wire because they said there were 20 turns per cm. A few had
problems with powers of 10 in part (i) or applied the factor of 2 incorrectly.

(a) A student decides to determine the resistivity of the material from which the wire is
made by measuring the dimensions of the wire and its resistance.

Photograph 2 shows a section of the rheostat and a scale.

. Bt
Phumgrapllf.i;;‘\13 -

(i) Take measurements from the photograph and use them to show that the cross-
sectional area of the wire is about 2 x 107" m?,

Dunsle B 030w At (03067) 23t

(ii) Calculatc thc rcs1stmtv of the matenal from whwh the wire is ma.de.
resistance of wire = 22 Q)

length of wire = 12 m

| f: Re . 10-0B0) cs0Qm

Resistivity = S‘que'm e
(iii) Suggest an advantage for the student of using a photograph rather than taking
direct measurements,

-‘ L@Wh (. bﬂ Zoowed gud ﬁd]fm"-dq'ﬁ r@Alﬂammﬁwmﬁ
Mook 14 bt it s sl
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ﬁ ResultsPlus

Examiner Comments
(i) Only one coil has been used, and the resulting diameter is far out of tolerance. This
has not been used to determine the radius before calculating the area.

(ii) The previous answer has been substituted correctly, but the powers of 10 have
disappeared during the calculation.

(iii) The use of a photograph by zooming in has been identified, although making
measurements more easily isn't sufficient and it might better refer to increased accuracy.

(a) A student decides to determine the resistivity of the material from which the wire is
made by measuring the dimensions of the wire and its resistance.

Photograph 2 shows a section of the rheostat and a scale.

Photograph 2

(i) Take measurements from the photograph and use them to show that the cross-

sectional area of the wire is about 2 * 1077 m?,
{3}

§S Goils (N % (o

Lﬂiff.fg;a—“ ..... 0. {)QCJS (XSS"’M d fw{w_f-{-é’f

ﬁeeﬂ&:w;r g0 (O R 2P AR

I S— AT X.0:000 22272375 2. 3f—rfh0ha
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(i) Calculate the resistivity of the material from which the wire is made.
resistance of wire = 22 )

length of wire = 12 m

(3)
o R=PlA
AR = P 2307 D2 T

Resistivity = . Ly 11}4‘19‘)2""7
(iii) Suggest an advantage for the student of using a photograph rather than taking
direct measurements.

(1)
us f mj e Fﬁé‘.’{ﬂ'{gfq{&&x e gin f' L‘i B 2 ov'7] ol f’(-WL

©@uld . bt aused 6 Yo howimaed. ... ftrﬂéa f{fh ok S
rtetined, Hurmans Ler0b.. 15 .. wedticed. ...

us

Examiner Comments

A good number of coils have been used and the area calculated
correctly and the resistivity has been calculated.

The identified advantage is not justified as there could still be
'human error', particularly in counting, as evidenced by the
many different answers seen for the diameter of the wires.
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Question 18 (b)

This was straightforward for most, although some could not rearrange the relevant equation
or did not know which of R and p is resistance and which is resistivity. The unit was quite
frequently omitted or a power applied to metre, usually -1 or 2.

(b) The coil of the rheostat is ¢m long. A potential difference of 12 V is applied
across AB and the slider C is 7. om the end of the coil near A.

Calculate the potential difference across AC. |
-Q— (2)
0L~ 7@ = 2.0 F5a 1° =3].57%

C31,37% oF 12 s A.T644 Y

Potential difference = ‘3.7(:11!-‘(4/

ResultsPlus

Examiner Comments

The correct principles have been applied,
but for the wrong portion of the coil.

{(b) The coil of the rheostat is 10.2 ¢cm long. A potential difference of 12 V is applied
across AB and the slider C is 7.0 cm from the end of the coil near A.

Calculate the potential difference across AC.
(2)

£y . __70xll= f2ky

ResultsPlus

Examiner Comments

A typical correct answer.

GCE Physics 6PHO02 01
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Question 19 (a)

With a quarter of candidates scoring 0, a quarter 1, a quarter 2 and a quarter more than 2,
this was not that well answered in terms of applying the correct physics in sufficient detail.
In terms of the underlying understanding it was somewhat better, and the way candidates
set out their answers was very encouraging, with neatly delineated sections for the three
parts and attempts at logical sequences within them. The key to the lack of marks was
often the lack of detail for distance and speed, with amount of rain being a bit less well
understood.

The most common mark was for describing the application of the pulse echo technique, the
factor of 2 usually being included. Discussion of the speed to be used was often absent,
although the numerical value was seen as often as a description of the speed to be used.

The Doppler effect was fairly frequently named when describing determination of speed,
but the actual effect - a change in frequency — was not always mentioned. When it was,
the discussion generally went on to the difference between an approaching source and a
receding source but did not often extend to a link between the velocity and the size of the
frequency change.

Candidate who gained the second mark often did so by quoting the relevant equation. Some
answers were given only in terms of wavelength, but the question asked about frequency.
There were quite a few references to red shift and blue shift, generally correct in terms of
recession or approach but of no merit for this question.

Some candidates appeared to mentally insert the word ‘respectively’ as they read the
guestion, assuming the order of the measurements was the same as the order of the
quantities being determined. This resulted in explanations of the amount of rain in terms
of frequency - often with the idea that pulses would be reflected more frequently if there
was more rain. Some candidates linked the intensity to the amount of rain, but some used
intensity to describe the amount of rain as well or instead. Some tried to apply the formula
intensity x area. Others were thinking of microwave ovens — perhaps after looking at
question 20 - and thought that there would be greater absorption with more rain. In this
case it was not clear how a signal would ever be received as there would be no reflection
with no rain and maximum absorption with a lot of rain. Perhaps candidates thought the
source was on the other side of the rain.

19 Meteorologists use radar to monitor rain.

Radar uses pulses of microwaves. The emitted pulses are directed horizontally towards
rain. The pulses are reflected from the rain and detected. The time taken for the
reflected pulses to return, their intensity and frequency are all measured.

*(a) Explain how these measurements can be used to determine the distance to the rain,
the relative speed of the rain towards the detector and the amount of rain falling.
{6)

W Mo duStance. g ko e . @in. C00
be . wrked,. . ouk b!j_ PRI o W = _@waim
Aatkanc2 = 9Ped X Lame. Miccowaues . are. . Gn .
&ad{omﬁk&kl&_ wouse . S Hee kel ak

. &g - <
a?g_rcmmotal':‘]_ L3810 ms . D0 bBa  distance.
b e bime ke borween . Ve puire.
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ﬁ ResultsPlus

Examiner Comments

This candidate has taken the measurements made and the quantities
determined to be in the same order and has consequently been unable to
answer the last two parts. Given this error, it has still been structured well
and set out in a sensible sequence.

The first part has been identified and described correctly in outline, but lacks
the detail of the application of the factor of two to the distance 'there and back'.

19 Meteorologists use radar to monitor rain.

Radar uses pulses of microwaves. The emitted pulses are directed horizontally towards
rain. The pulses are reflected from the rain and detected. The time taken for the
reflected pulses to return, their intensity and frequency are all measured.

*(a) Explain how these measurements can be used to determine the distance to the rain,
the relative speed of the rain towards the detector and the amount of rain falling.
(6)

T T}”" A Broree. ’F Jf\e_ ﬂ-;ln L. be ierttind

L by e s/ by e bime foken for
THe  pulse Yo cenh fre cun amt ,:Mm,
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Examiner Comments

% ResultsPlus

This response demonstrates the identification of all the right phenomena
and techniques, but lacks sufficient detail to gain more than 2 marks.

The distance part doesn't include the factor of two or the speed of light.

The next part refers to the change in frequency for a mark, but when it
says 'the rate of change of frequency can be used to measure and find
out the speed of the rain', it should be using the change in frequency
and linking a greater change to a greater speed.

The last part links the intensity of the detected signal to the quantity of
rain, but not in a causal way, so 1 mark is awarded for this.
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Question 19 (b) (i)

An answer seen a number of times on this paper, but only a quarter got the mark. There
was often reference to avoiding interference or a statement that the transducer could not
emit and receive at the same time, perhaps thinking of another specific application. Many
said it was necessary to enable the time to be measured, or the converse, but without
suggesting what difference it made.

(b) (1) Explain why pulses of microwaves are used rather than a continuous beam.

Examiner Comments

The stated answer is clearly a requirement of the technique, but
the answer does not suggest how pulses help with this.

(b) (1) Explain why pulses of microwaves are used rather than a continuous beam.
(1)

0 You Mrtng Cand cleckect apulse you've senk
e fore. . Senoling out Gumef @0

ResultsPlus

Examiner Comments

A fairly standard answer for this technique.
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Question 19 (b) (ii)

This showed that many candidates can apply the pulse-echo technique in general, but they
do not really understand the significance of pulse length. About two thirds could apply

the speed equation, although a number went wrong rearranging it to calculate time and
they were not awarded the first mark if they did this before substituting values. Many

used both quoted distance values and chose one answer after calculating both times. They
nearly always chose the wrong value - the value calculated using 200 km. Others used
200 - 5 = 195 km, presumably because the question said distances between 5 km and
200 km. Some neglected the factor of 2 — even though they generally included it in their
descriptions in part (a). Overall, only one in seven identified 5 km as the relevant distance
for the calculation and only one in twenty completed the calculation correctly, the difference
generally being due to missing the factor of 2 or getting powers of 10 wrong for km.

(1) Calculate the maximum pulse duration which would enable distances between
5 km and 200 km to be measured. d,

S= ""_E;' (3)
el f i e s o Lo
BEOEE o 6 3x10 X2
Lasae’

ﬁ ResultsPlus

Examiner Comments

Maximum pulse duration = .. | =3 A0 -3 o

The correct method is applied to an incorrect distance to get
1 mark. The missing unit does not affect the mark as the final
answer is not numerically correct.

(i) CWculate the maximum pulse duration which would enable distances between
5 km and 200 km to be measured.
(3}

Y/ 2 PR T P T e 1 \- R N A
-] 513 ’
10000 bl o base o
s

-5
Maximum pulse duration = ..f'..‘?K.fQ.. - T

Lay

E 11

ResultsPlus

Examiner Comments

The full correct answer is given here, but the chosen answer on
the answer line is not the correct one, so this is awarded 2 marks.
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Question 20 (a)

About two thirds were able to calculate the path difference in cm or wavelengths, but fewer
than half of them went on to identify the correct phase difference. Most just quoted 12

cm or A or 1. Some gave alternative answers, like 12 cm/A/2n. This did not get the mark
because the candidate needs to select the correct answer, not the examiner.

(a) The diagram shows two different paths by which microwaves can reach the point Z.

X

Source

Not to scale

Z
SX=0cem, XZ=23cm, SY=36cm, YZ=8cm

Calculate the phase difference between microwaves from the source at S reaching
point Z by the two different paths.

5>¢’+ ){2-’—‘ &'@[423 = 32 -
5}’-[— V.Zﬁ_, 3é+ 7= L{Lt O

M4 -ge= e L = AP
Phase difference = i 1 SR

ﬁ ResultsPlus

Examiner Comments

The path difference has been calculated and equated to one
wavelength, but this has not been used to determine the
phase difference, suggesting that the difference between path
difference and phase difference is not appreciated.
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(a) The diagram shows two different paths by which microwaves can reach the point Z.

X

Source

Mot to scale

Z
SX=9em, XZ=23cm, SY=3cm, YZ=8 cm

Calculate the phase difference between microwaves from the source at S reaching
point Z by the two different paths.

Y4232 So | Mewdengte ook (A) (270)

Phase difference = lem. /:‘A /ZTC |

ﬁ ResultsPlus

Examiner Comments

The calculations are correct, but the fact that the final answer
is given as three alternatives suggests that the candidate is
not sure which is correct. In such a case, the mark will not be
awarded if any of the choices are not correct. An answer 0 / 2n
/ 360°, although still not ideal, would have been accepted as
they are individually acceptable answers.
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Question 20 (b)

The majority got two marks, a large minority got three, but very few got full marks. Some
candidates just described uneven heating in terms of distance from the source or the
number of reflections, but most mentioned superposition or interference. They generally
linked constructive interference to hot and destructive to cold. While the path difference was
reasonably described for these points, the phase difference was often not mentioned, or
reference was made to 'out of phase’ rather than ‘antiphase’. Correct and sufficient mention
of the effect on amplitude was quite rare. Some answers discussed waves, or even peaks
and troughs, adding up or cancelling. Others discussed increased displacement or zero
displacement - but not constant zero displacement.

Question 20 (c)

Only about a quarter included a reference to constant phase difference, often just saying
coherence means the same frequency. The requirement for coherence frequently did no
more than rephrase the question with the addition of one new word, saying that if they are
not coherent, interference cannot occur. Only one in forty managed a full explanation.

(¢c) Explain why the microwaves reaching a point in the chocolate must be coherent for
this effect to occur.
(2)

ResultsPlus

Examiner Comments

This not a typical answer and does not get a mark.

(c¢) Explain why the microwaves reaching a point in the chocolate must be coherent for

this effect to occur,
(2)

" [} }’U U0t {,mr.f . 0ot G JQ AHat

- alkac

sged | POS A

ﬁ ResultsPlus

Examiner Comments

It is possible that the candidate has some understanding, in that the
areas of high and low amplitude would not be in the same positions
over time, but that is not sufficiently well expressed. The key point of
the constant phase relationship is not included here.
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Question 20 (d)

Most candidates realised that they needed to carry out a calculation and most of those got
it correct. They didn’t all calculate wavespeed. Some used the microwave frequency and the
speed of light to calculate wavelength, comparing it to 12 cm, and some used wavelength to
calculate frequency, comparing it to 2450 MHz.

The unit MHz caused a problem for some, and some weren't sure of the wavelength.
Overall, half of the entrants completed one of the calculations correctly and compared it to
the relevant given value.

(d) The microwave frequency is stated on the oven as 2450 MHz,

Evaluate the success of this experiment at determining the speed of light.
3)

..e@ib iy oy y T

Examiner Comments

Answers without calculation could not score on this
question. The answer depends on the specific outcome.

(d) The microwave frequency is stated on the oven as 2450 MHz.

Evaluate the success of this experiment at determining the speed of light.
(3)

Seal £ L. 8. 2.0 X(OB s ad (€ Kle Reoc
o mble ik Veylh Tote—giesec) M
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v as dll ouberes Sad eachother.

ﬁ ResultsPlus

Examiner Comments

As suggested for the previous sample, a calculation is required to be awarded marks.
Here, all the relevant numbers have been quoted, but there is no evidence of a
calculation. A calculated speed would be the quoted speed to 1 s.f. and the wavelength
as quoted to 2 s.f., but they are exactly as stated in the available data and it is not
clear that the candidate understands the required relationship. If the answers had
been quoted to extra s.f., as in a 'show that' question, the marks could have been
awarded as the answer would have shown that a calculation had been carried out.
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(d) The microwave frequency is stated on the oven as 2450 MHz. X IG."-?#H P
_——

Evaluate the success of this experiment at determining the speed of light.
F=m000¢ v= £\ B
Ao y=usencthbone)

vz 2.9 008mst

(3)

Plus

Examiner Comments

The calculation is correct and the speed of light has been quoted,
but there is no comment comparing the values to evaluate the
success of the experiment, so the third mark is not awarded. An
evaluation will always require a conclusion of some sort.
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Paper Summary
Based on their performance, candidates are offered the following advice:
e learn definitions thoroughly so they can be quoted fully when required.

e use past papers and mark schemes for revision, but don’t repeat sections of previous
mark schemes verbatim in the answers to new contexts.

e |earn standard descriptions of physical processes, such as the photoelectric effect, and
be able apply them to specific situations, identifying the parts of the general explanation
required to answer the particular question.
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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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