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Introduction

This is the seventh 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 number of short answer questions
followed by some longer, structured questions based on contexts of varying familiarity.

The paper allowed candidates of all abilities to demonstrate their knowledge and
understanding of Physics.

Candidates at the lower end of the range could complete straightforward calculations
involving simple substitution and limited rearrangement, including structured series of
calculations, but could not always tackle calculations involving several steps, a choice of
variables or extra factors, such as the factor of 2 for echo-location. They also knew in
outline standard definitions, but often omitted key technical terms, and similarly knew
some significant points in explanations linked to standard situations, such as interference,
but missed important details and did not always set out their ideas in a logical sequence,
sometimes just quoting as many key points as they could remember without particular
reference to the context.

Steady improvement was demonstrated in all of these areas through the range of
increasing ability and at the higher end all calculations were completed faultlessly, most
definitions were given with all the required details and most points were included in ordered
explanations of the situations in the questions.

Section A

The multiple choice questions discriminated well, with performance improving across the
ability range for all items. Candidates around the E grade boundary typically scored about 5
and A grade candidates usually got 7 or more correct.

For some lower scoring questions the frequency of incorrect choices indicates common
errors.

Question 3: Candidates getting the wrong answer nearly always chose response C,
suggesting that they focused on E = hf and ignored the rest.

Question 5: The incorrect answer of choice was B, which is the correct shape with axes
reversed.

Question 8: There was a difference between more successful candidates, who tended to
choose A, and less successful candidates, who were more likely to opt for C. A is correct in
terms of units based on joule per coulomb, but C is not a base unit. The choice of C involves
at least two errors, but does include only base units.

GCE Physics 6PH02 01
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Question 11 (a)

A majority of candidates were able to define threshold frequency, with those who did not
generally omitting to state that it was the ‘minimum’ frequency. A significant minority
referred to energy instead of frequency.

11 When electromagnetic radiation is incident on a metal plate, electrons may be emitted.

(a) State what is meant by threshold frequency.
(1)

_“\(eﬁb\dgmmemﬁxémpfemafmﬂed
e %we_ e\eskton. . enow mu&\jpoba

QO\.GE: O QOo\o eheeiT N

Examiner Comments

'The frequency required' is not sufficient to get the
mark for minimum frequency, so this scores zero.

0
A
Identify all of the standard technical terms in the
specification that could require definition and learn

them, focusing on key details, like 'minimum' and
'surface' in this case.

Plus

Examiner Tip

11 When electromagnetic radiation is incident on a metal plate, electrons may be emitted.

(a) State what is meant by threshold frequency.
(1)

V\.T\ﬂ_d T &(2.:2-

Examiner Comments

The question asks for threshold frequency, but this
answer is in terms of energy. This is a reference to
work function rather than threshold frequency.

Examiner T|p

Read the question and write what it asks for
specifically and not just something remembered
from the topic.
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11 When electromagnetic radiation is incident on a metal plate, electrons may be emitted.
(a) State what is meant by threshold frequency.

Examiner Comments

This has the required reference to minimum
frequency, but referring to the photoelectric effect is

not sufficient. There must be a statement about the
emission of electrons.

11 When electromagnetic radiation is incident on a metal plate, electrons may be emitted.
(a) State what is meant by threshold frequency.
(1)

ek Pfequm% that will
ek emit an5...cdmxs Pfamtkv, mﬁg

ﬁ ResultsPlus

Examiner Comments

This might seem to be saying the same thing as the
required answer, but photoemission will occur at the
threshold frequency and this explicitly identifies a
frequency for which emission does not take place.

GCE Physics 6PHO02 01
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Question 11 (b)

This was a straightforward calculation for the majority, although some neglected either the
conversion from eV to joule or did not apply the Planck constant. Occasionally candidates
attempted to use the whole photoelectric equation, including the maximum kinetic energy,
which should be zero at the threshold frequency. These candidates used 2 mv?, substituting
for the mass of an electron and the speed of light.

(b) Calculate the threshold frequency for a metal with a work function of 2.28 eV.
(3)

CCehg 228 %160 = 3,65 107"
365 x !0“” @-@'3210 w)xJ_

rq
%ﬂc 550 x [0

Threshold frequency = ... SLSD _-H'OM’

(Total for Question 11 = 4 marks)

ﬁ ResultsPlus

Examiner Comments

The calculation in this example has been completed
successfully, with each step clearly shown. The
candidate has omitted the unit and therefore does not
get the final mark for the answer because magnitude
cannot be expressed correctly without the unit.

@ ResultsPlus

Examiner Tip

Numerical answers must include a unit to be
awarded the answer mark.

Exceptions to this are quantities expressed as
ratios, such as efficiency, refractive index and sine.

6 GCE Phvsics 6PHO02 01



(b) Calculate the threshold frequency for a metal with a work function of 2.28 eV.

mmmWWm%ﬁjmamQA;XMjfﬁmﬁmgmwmmmmmmmmmmmmmmwmm

23
Threshold frequency = 9‘35{ G RIO

(Total for Question 11 = 4 marks)

Examiner Comments

This candidate has gained a mark for use of the
expression E = hf but did not convert the work
function from eV to J. Candidates might be reminded
of the need to do this by noticing the unit of the
Planck constant, J s.

OO ResultsPlus

Examiner Tip

Calculations for the photoelectric effect and atomic
spectra may involve energy in eV or J and you need
to check carefully whether a conversion is required.

(b) Calculate the threshold frequency for a metal with a work function of 2.28 eV.
3)

2.8 % \Sm\O"“'-’S-ELPESndq\&?_ e

U ‘q S
Threshold frequency = 31%"&%%\6 We

(Total for Question 11 = 4 marks)

A
ﬁ ResultsPlus 4

Examiner Comments

This candidate has converted the work function
from eV to J for one mark but has not used E = hf.

Examiner Tip

Write equations out before completing
calculations. This will help to avoid

With reference to the earlier examples, this omissions that could cost marks.

candidate has not written out the relevant equation
and that may be part of the reason why they are
able to conclude that an energy is a frequency.

GCE Physics 6PH02 01



Question 12 (a)

About two thirds of the entry successfully explained the need for pulses. Many gave answers
that simply outlined the idea of the pulse-echo technique, e.g. “so that you can record how
long it takes for the sent signal to return”.

12 An ultrasonic distance estimator can be used to measure the length of a room.

The estimator is held against one wall. It emits pulses of ultrasound and detects them
when they return after reflection by the opposite wall.

(a) Explain why the ultrasound must be emitted in pulses.

. ¥ has ﬁ?\@ud emff‘f?/@ éy dhg
M Wﬁmmol s

ﬁ ResultsPlus

Examiner Comments

This response has some resemblance to the required
answer, suggesting that the candidate has been told
the required answer, but it isn't saying the same
thing and does not get the mark.
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(a) Explain why the ultrasound must be emitted in pulses.
(1)

ﬁ ResultsPlus

Examiner Comments

This response also has some resemblance to the
required answer, this time the first of the alternatives
on the mark scheme. Again, it is not making the
required statement. In this example there is not
likely to be another wave that could be identified in
the place of the reflected ultrasound.

(a) Explain why the ultrasound must be emitted in pulses.
(1)

ResultsPlus

Examiner Comments

This is a nice example including both of the
suggested answers on the mark scheme.

GCE Physics 6PH02 01
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Question 12 (b)

Ninety percent of candidates were able to apply the speed equation to calculate time, but
only half of them arrived at the correct answer because many did not correctly apply the
factor of 2. A minority had a problem using centimetres and the final unit was occasionally

omitted.

(b) The shortest distance the estimator can measure is 40 c¢m.
Calculate the longest pulse duration that would allow this distance to be measured.

speed of ultrasound in air = 330 m s™! %
3)
¢. D
ar
2 x0Ty

12 w073 s

Pulse duration =

ResultsPlus

Examiner Comments

This is a typical example of a response where the
factor of 2 has been omitted, so there is one mark
for time = distance/speed being used.

A
2@ ResultsP

Examiner Tip

us

Remember that pulse-echo questions will nearly
always involve a factor of 2 because distance
travelled by the pulse is twice the distance from
the emitter to the object.
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(b) The shortest dlsg‘nJce the estimator can measure 1s 40 cm.

Calculate the longest pulse duration that would allow this distance to be measured.

speed of ultrasound in air =330 m s™

R T -

330

ResultsPlus
Examiner Comments

This candidate has successfully applied the factor
of 2 but has not stated the distance in metres, so
only two marks have been awarded.

@ ResultsPlus

Examiner Tip

When quantities are stated in prefixed multiples
of the base unit they should be converted to the
standard unit before substitution into equations, for
example 80 cm should be substituted as 0.8 m.

GCE Physics 6PH02 01
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Question 12 (c)

A clear majority got this mark, some aided in reaching the answer by drawing a simple
diagram or adding lines to the photograph. Unlabelled diagrams do not gain credit, but

in this case some of them clarified the written answer. Answers were sometimes a bit too
vague to gain credit, such as ‘it reflects so that it doesn’t reach the detector’, which could
suggest an attenuation effect rather than a different direction. Some candidates invoked the
effects of refraction or diffraction and others suggested that the estimator was measuring
too many different distances due to the slope.

(c) When the estimator is pointed at a sloping wall, as shown in the photograph, it is
unable to measure this distance.

Suggest why the estimator is unable to measure the distance to the sloping wall.

(1)
D.,{Tm;:haz\ OCCOrS. and 1l<:_'0df5¢-¢..spr€aclm G
B N L e = e I LA RE—

(Total for Question 12 = 5 marks)

%
Results~lus
Examiner Comments
This answer has been linked to diffraction,
despite the mention of reflection at the start of
the question, so there is no mark.
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Suggest why the estimator is unable to measure the distance to the sloping wall.

(1)

Due. O AR AR s AR oGd N Vel e Lo o0 D MRCAEC N

(Total for Question 12 = 5 marks)

us

Examiner Comments

This gets the mark as a correct answer. The diagram alone
would not have gained the mark, but it supports the text
in this case. Even when a diagram does not get marks it
may help a candidate to clarify their thinking.

OO ResultsP

Examiner Tip

Diagrams may be helpful in understanding a situation
but they will not generally gain marks on their own
without labelling equivalent to the required answer.

GCE Physics 6PHO02 01 13



Question 13 (a)

Although nearly all candidates linked drift velocity to the speed of electrons, they rarely
mentioned ‘average’ or identified free electrons, and only about one in ten mentioned both

to get the mark.

13 (a) State what is meant by drift velocity when applied to a_metal conductor.
(1)

L The average velooty st thehons move of thmugls
ekl I

Examiner Comments

This answer includes the required detail in terms
of average velocity, but just refers to electrons in
general rather than the delocalised electrons.

13 (a) State what is meant by drift velocity when applied to a metal conductor.
(1

ﬂ&udoag%mchmcm:;}@ﬁ t’%ﬁéf}f’a 2

ResultsPlus

Examiner Comments

This response refers to charge carriers rather than electrons
in general, but does not refer to average velocity and
therefore lacks the required detail for the mark.
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Question 13 (b) (i-ii)

(i) Most candidates were able to select the equation I = ngvA but they did not often state
that n and g are the same for both resistors in order to justify their comparison of the drift
velocities. As the ratio of cross-sectional areas was given, a numerical relationship for the
drift velocities was expected and not just a statement that Y had a greater drift velocity.
Candidates not giving the ratio did not gain credit.

(ii) The most common mark awarded was for stating that Y had a greater resistance, even
if the answer to part (i) was incorrect, but this was rarely explained satisfactorily in terms
of drift velocity. Collisions were mentioned frequently, but quite often these were collisions
between electrons. The third mark was very rarely awarded.

Although stated in the question that the current was the same for both conductors, answers
often assumed a constant potential difference and referred to changes in the current, e.g.
because of increased amplitude of vibrations due to collisions between conduction electrons
and lattice ions. This was answering the wrong question and candidates may indeed have
been thinking of a previous question about resistance of a filament lamp.

Some used R = pl/A, getting the correct answer for the first mark, but the question
specifically required reference to drift velocity so no more marks were available.

GCE Physics 6PH02 01
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(b) Two conductors of the same material and length carry the same current. Conductor X
has twice the cross-sectional area of conductor Y.

(i) By referring to an appropriate equation, compare the drift velocities for
conductor X and conductor Y.

*(ii) Explain the difference in resistance of conductor X and conductor Y in terms of
the difference in drift velocity.

\ (3)
Wece €g

As e doft velocvh, . Mu ............ Yo sovSimnce. ef

....................................................................................................... elect@as. . ond 106 Cotes.
......... Wach oce ylamding.. . Sa. Thece & L.;jhur CESTtarce M

_______ “ﬂ{%mm\T"tﬂ%ﬂgﬁlwmuﬁ*\m‘fhlxmhm&gbklﬂa.e.r

el fae fEsiSdance &8 dlae. (0n. cacer Vibrate oifl

.................. ArRaser. . ar brude

(Total for Question 13 = 6 marks)

ﬁ ResultsPlus

Examiner Comments

(i) The answer is correct, but the reference to the appropriate equation is not
sufficient to be awarded both marks. Candidates needed to make the link between
the equation and the conclusion clear.

(ii) The reasoning is fine in terms of the collisions, but the specific link to resistance
via R = V/I is not made. The first mark is not awarded because the candidate

has not stated clearly which resistor has the higher resistance. It may be inferred
by looking at part (i), but the examiners mark each section as it is written,

with the exception of arithmetic errors carried forward, and it is the candidate's
responsibility to make their answers clear.

GCE Phvsics 6PHO02 01




(b) Two conductors of the same material and length carry the same current. Conductor X
has twice the cross-sectional area of conductor Y.

(i) By referring to an appropriate equation, compare the drift velocities for
conductor X and conductor Y.

2
{ (2)

%:&ﬁxmnﬁmeW#’m

....... SinCe. &S . mm;mdghaﬁmw,gnb

______ Qe cA es.. M Theefore X will hawe e lo~es. .

abﬂﬂdw.écjéhany

*(i1) Explain the difference in resistance of conductor X and conductor Y in terms of
the difference in drift velocity.

(3)

______________ :6_.;0(,-# beq is. ster, T elockons iy themaberiad. .

__________ wibhin bhe - ma..dc:—-cu( & Che. numb:raﬂ Collaong o &ua...

(Total for Question 13 = 6 marks)

)

ﬁ Resultst

us

Examiner Comments

(i) The reference to the equation is satisfactory, but
the answer only says that one resistance is greater
and does not give a humerical comparison.

(ii) The first two parts are very clear, but this just
goes from more collisions to greater resistance
without saying why.

GCE Physics 6PHO02 01
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Question 14 (a)

About half of candidates were credited for the answer to this question, most of these
for quoting direct proportionality. A large minority just made a statement like ‘as area
increases, length increases’, which was true but is not a relationship as such.

14 The instruction booklet for an electric garden shredder includes the following advice.

f’
When using an extension cable, the )

\following dimensions should be observed: )

Cross-sectional area | Maximum cable
of conductor / mm? length / m
1.00 40
1.50 60
2.50 100

(a) Describe the relationship between area and length in the table.
)

Ao o b Dol oy e bl de gt e

Examiner Comments
This is just a very general statement that as one
quantity increases so does the other. Candidates are
expected to be able to identify direct proportionality.

18 GCE Phvsics 6PHO02 01
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14 The instruction booklet for an electric garden shredder includes the following advice.

-~

When using an extension cable, the
G’ollowing dimensions should be observed:

J

Cross-sectional area Maximum cable
of conductor / mm? length / m
1.00 40
1.50 60
2.50 100

(a) Describe the relationship between area and length in the table.

ﬁ ResultsPlus

Examiner Comments

In this question, credit was given to answers
establishing the relationship between the quantities
in terms such as length (in m) = 40 x area (in mm?),
but this answer involves too many steps.

(1)

o length  divied divded by A R et fon
.................................................................................... dividel by oo
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Question 14 (b) (i-iii)
The majority of candidates achieved at least five marks for this six mark section.

(i) The most common error in this part was using the wrong power of ten for the area in m?,
starting with 1.0 x 103. As this was a ‘show that’ question, most could see that this gave
them the wrong answer so they could go back to their working and identify their mistake.

(ii) There was not generally a problem with this calculation, although it was apparent that
some candidates did not realise that rate of energy transfer required a power equation. A
significant minority applied a length of 40 m for this part, even though they used 80 m in
part (i), so they recalculated resistance or halved the value from part (i).

(iii) This part was tackled very well using one of the three available methods, although some
candidates again worked with a length of 40 m.

(b) The cable for the shredder contains two conductors in series, the live wire and the
neutral wire. A cable of length 40 m has a total conductor length of 80 m.

(1) Show that the resistance of a copper conductor of length 80 m and cross-sectional
area 1.00 mm? is about 1.3 €.

resistivity of copper = 1.68 x 107 Q m

Lo b o

X 2l olbg_
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(ii) When in use the current for the shredder is 11 A.
Calculate the rate of energy dissipation by the 40 m, 1.00 mm? cable when it is

used with the shredder.
Al L&8r"? s feo (2)
— X - e b T o

Rate of energy dissipation = “Q—M lg’?w

(iii) Calculate the total potential difference across the conductors in the 40 m cable
when it is used with the shredder.
(2)

e 7

tZExaminer Comments

(i) The method is correct, for one mark, but there has been an error in
converting the units of area. The question states that the value should be
about 1.3 Q, so a candidate would be expected to try to identify the error
when the answer is not as expected.(ii) Correct answer. Note that the quoted
'show that' value of resistance has sensibly been used instead of the incorrect
answer from part (i). (iii) Correct answer.

A
J@ ResultsP

Examiner Tip

us

Remember that 1 m?is (1000 mm)?, i.e. 1 x 10®* mm?*

Also, when an answer does not mention the 'show that'
value, go over the working to identify the error.

GCE Physics 6PHO02 01
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(b) The cable for the shredder contains two conductors in series, the live wire and the
neutral wire. A cable of length 40 m has a total conductor length of 80 m.

(i) Show that the resistance of a copper conductor of length 80 m and cross-sectional
area 1,00 mm? is about 1.3 Q.

resistivity of copper = 1.68 x 10 Q m

ol (=90
N

(2)

7

(68 o x go l{ 1
K- [0t T s 52

=34 8] % e (392

{
I;Jp'u 00 MM

'DG .. {000 A

of -

lcmz-{*‘”’ M 00 0d e
‘;OU em

[ mn'= &a5% o” 0%
lt‘. mh

Ol em O-col o
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(ii) When in use the current for the shredder is 11 A.
Calculate the rate of energy dissipation by the 40 m, 1.00 mm? cable when it is
used with the shredder.

ﬂ-ﬂ Lo (2)

(iii) Calculate the total potential difference across the conductors in the 40 m cable
when it is used with the shredder.

&(-3(2Z xo€72 = V

Lo

Potential difference = ...

ﬁ / ResultsPlus

Examiner Comments
i) Correct answer.

(ii) The candidate has recalculated the resistance
using a length of only 40 m, so the answer is
only half what it should be.

(iii) The power from the previous part has been
used here and processed correctly so the answer,
although incorrect, is awarded both marks
applying 'error carried forward'.

GCE Physics 6PHO02 01
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Question 14 (c)

Only a fifth of the entry gained any credit here, usually for suggesting that the resistance
would be too large. Candidates most commonly stated that the cable would overheat in this
case, sometimes adding that this was because a larger current would be needed to provide
the shredder with a high enough potential difference. They did not think of the fixed mains
supply or about the current required by the shredder remaining at 11 A.

(c) Suggest why the advice in the instruction booklet is included.
(2)

Move. \necr k. VO Seneitd Bt longel Mna colBe 1S
becasrse o \0Gef comnl ik e requred 1o oo Tua

4o r--tJ\.'rl'.

(Total for Question 14 = 9 marks)

ﬁ ResultsPlus

Examiner Comments

This includes an odd reference to voltage travelling
along a wire. There is a suggestion that a greater
current would be required but it doesn't make it
clear that this couldn't happen because the potential
difference from the supply couldn't be increased.

(¢) Suggest why the advice in the instruction booklet is included.
(2)

LB on cowle is vsed Daak 18 QROLEC (non T MAXimuy M @agoa
Svgaested s conld cann
oo, TS covldh  camse far, whcank & ool VP e ... .
AOF VIR AL USC L

$€ o Nerw (asae MSiSTance atte

(Total for Question 14 = 9 marks)

lus

Examiner Comments

This response gets a mark for stating that a longer
cable would have a very large resistance, but, when
it refers to heating, does not take into account

the fixed potential difference which would mean a
reduced current.
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Question 15 (a)

This was poorly done for such a simple circuit. About four fifths gained a generous mark for
showing an ammeter and voltmeter connected to the cell and not in series with each other,
but many of them had nothing else at all in their circuit and others had fixed resistors, light
bulbs and thermistors rather than a standard variable resistor as the load resistance.

15 A cell may be represented as an e.m.f. £ in series with an internal resistance r.

S S —

A student used the relationship ¥ = £ — Ir and a graphical method to determine £ and r.
She connected a cell in a circuit and took a series of measurements of the current / in the
cell and the potential difference V" across the terminals of the cell.

(a) Complete a circuit diagram of a circuit she could have used.

(2)

—— e = = = = = —

[

lus

Examiner Comments

This is a very common response with no load
resistance. This would short circuit the cell and
allows no means of varying potential difference
or current, even though the table and graph in
the question show that this is necessary.

GCE Physics 6PHO02 01 25



15 A cell may be represented as an e.m.f. £ in series with an internal resistance .

A student used the relationship ¥ = £ — Ir and a graphical method to determine £ and r.
She connected a cell in a circuit and took a series of measurements of the current / in the
cell and the potential difference ¥ across the terminals of the cell.

(a) Complete a circuit diagram of a circuit she could have used.
(2)

£ oo Resistuace

Hlus
Examiner Comments
This is an improvement in that there is a load

resistance, but it cannot be varied and would
not provide data for the table and graph.

GCE Phvsics 6PHO02 01




Question 15 (b)

While the majority gained at least two marks, most commonly for the line and the intercept,
only about a quarter were awarded all four marks because of a range of errors and
omissions.

The number of candidates who did not even draw a line was surprisingly large. The
qguestion required use of the graph so calculations based on the table values alone by these
candidates were not credited, although they were allowed a mark for the e.m.f,, if they
stated it, on the principle that they could have used a ruler placed along the line of the
points to read off the axis.

Many candidates, having drawn a line, still took values from the table for the calculation.
This was only credited if the values were well spaced and actually on the line they had
drawn. Some candidates did not convert mA to A. An unfortunately large minority omitted

units.

45
4.0
3.5
3.0
2.5
2.0

1.5

potential difference V/V

1.0

0.5

0.0

(b) The student’s measurements are shown in the table and plotted on the graph.
I/ mA VIV
275 397
41.0 3.94 o
51.6 3.90
78.6 3.88
143.0 3.75
-
+
I[
0 20 40 60 80 100 120 140 160
current // mA
£ - 3 a4 L
£ - 3:9* 223 5«
ged »1v %4
s .wBTT 3 LK @z @YY
£ - 13-4 = S/ b L
ool 23 L
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Determine values for £ and r from the graph and show how you obtained your

answers.

~3

V2 TIE vt

SO s ALY SN A s Sy SN

oA 1 =

339 a2

q = "(SI'GJ( ﬂ@-aamqy + £

= r

ﬁ ResultsPlus

28

Examiner Comments

While this candidate shows a general understanding
of the relationship between terminal p.d., e.m.f. and
internal resistance, there are a number of errors
limiting this to two marks.

The line has not been extrapolated to the y-axis,
so the e.m.f. has not been determined in the most
straightforward way - from the intercept. It is just
outside the accepted range and has been given
without a unit.

The line is sufficient to allow a calculation of the
gradient over the required range, and therefore
internal resistance, but the result has also been
given without the unit.

GCE Phyvsics 6PHO02 01
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4.5
4.0
3.5
3.0
25
2.0

1.5

potential difference V'/V

1.0

0.5

0.0

hitps://xiremepape.rs/

(b) The student’s measurements are shown in the table and plotted on the graph.

T/ mA———— VIV
( 215 397>
I

)
A0—F— 3.9

{'la-ﬁ-——-.._, 3.88

60

80 100 120 140 - 160
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Determine values for £ and » from the graph and show how you obtained your
answers.

(4)

s ¢the. g.m.drcmf ><-I =
g[tldt enk Bl%za e 0| KIO

ﬁ ResultsPlus

Examiner Comments

The graph and intercept are fine and so is the use of
the graph to calculate the internal resistance. There
is a problem because mA have not been converted
to A and this hasn’t been taken into account in the
final answer. In addition, the units of resistance
have been omitted.
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Question 15 (c)

While a larger number of candidates may well have had a good idea of what was required,
poor expression and confusion about technical terms such as accuracy and precision meant
that only about one in six gained a mark for their response. A statement such as ‘use a
larger scale’ was not sufficient as it could be interpreted in different ways and would not be
possible on this graph in the desired way without the additional step of starting the y-axis
at a higher value, which was not stated. Others suggested ‘using mV instead of V’, but this
could just apply to axis labels and also did not include the starting point.

(c) Explain how the graph could be constructed to obtain better values for £ and r.
(2)

ancrease the. 3cane. o Hoe \a QRes L
~ . lLr\e_Qx\QL‘P\\\Ql _______ s 8?@0\,\&* Y. G

&

Examiner Comments

(Total for Question 15 = 8 marks)

Increasing the scale would help, but it would not be possible on this graph without
starting at a higher value and that has not been stated.

The comment about a better line is not specific and the statement about a more
accurate gradient is not supported.

(c) Explain how the graph could be constructed to obtain better values for £ and r.
(2)

Yeu con plet.and. rad. off the graph . more. .
eosily mlcar\g’c‘r\slvMSJ?ocE \ Conor

(Total for Question 15 = 8 marks)

ﬁ ResultsPlus

Examiner Comments

This has the required scale change for one mark, but it isn't sufficient to say that
something is easier. There is an assertion that the values of e.m.f. and internal
resistance would be more accurate, but these still depend on a hand drawn line and
the link isn't established.

GCE Physics 6PH02 01
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Question 16 (a)

While few candidates did not get either mark, only about half got both. Some missed a mark

because they said the light bends, which could be a curved path, rather than stating that
there would be a change in direction. Others did not mention the change in medium.

16 Flower arrangers sometimes use gel balls instead of water to fill vases.

The photograph below shows some writing seen through one of these gel balls. The
writing is distorted because the gel ball refracts light.

(a) Explain what is meant by refraction.

asses Hheo P Lowéﬂy ........ ..................

4 “""’0 ""CAN“J WM" A“@rh\ rr.Cra.cLM ..k

Examiner Comments

This answer refers correctly to changes in speed and
wavelength for one mark, but does not mention their
effect which is a change in direction.
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16 Flower arrangers sometimes use gel balls instead of water to fill vases.

The photograph below shows some writing seen through one of these gel balls. The
writing is distorted because the gel ball refracts light.

(a) Explain what is meant by refraction.
(2)

...... Refrackion o the. afmmtbmduﬂaﬁl [
it mﬁé% ............... o mfeﬂa/f ............ of dhc vent

..... tmtalmf of mfﬂrmj e bends dé;i’
changts  speedbpamsn  tue  speed nF ffgkt in  thal maberia]
o dffwant & eutside

ﬁ ResultsPlus Q

Examiner Comments Examiner Tip
This gets a mark for the change in . . .
speed, but not for change in direction A\r/10|d (tjhe u_sbe_ of th? word ber(;d
because it refers to bending. This is not ern escrrll ing re r(ajf:tlon_ an
accepted because it could mean there is rerer t(‘j’ a change in direction
a curved path for the light. instead.
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Question 16 (b)

A clear majority gained some credit for this part, but only about one in six got the full
answer. Candidates most frequently suggested that there would be no refraction but did not
link this to the wave speed being constant throughout.

(b) The photographs below show a beaker containing gel balls. When water is added to
the beaker, the gel balls below the water surface are no longer visible.

Explain how this shows that the gel has the same refractive index as water.
(2)

The  bight . pOSSIAQY.... A DU, . AL .. LEOKEL. i CREOIERL B
he g and X eould e ke cefaeind L again by
e ool ads (g Yaeic . CCAQEANE  IndeX . was  different,. ..

Tars o powd  mawe Mg pardS  wSiole because  The

surtaee. .. 0f . them  wod  changR. .. e dicection. o0f....

Yae lghrﬂowedﬂftiwa Can’t r1ee  fenn Sb.

e gL+ hosa ¥ Leen refracteo  pocther ancl

%el lhos e Fone :e{mcﬁuf mdéw af

waer .

Results¥lus
Examiner Comments
This answer is credited for identifying that

refraction does not take place, but it is not
linked to wave speed or density.
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(b) The photographs below show a beaker containing gel balls, When water is added to
the beaker, the gel balls below the water surface are no longer visible.

Explain how this shows that the gel has the same refractive index as water.

(2)
whea Ve liabl  passes hpough the waver inlo Lhe balls
e b dges nol dars chanae spesd
_convio e lrameling  fhioweh ol Ve same  sejraclive cadex
B av e If’c&\rv

. UE'«OC‘J’.Q__ awnd ml\ -

ResultsPlus

Examiner Comments

This answer is correct in the reference to no change
of velocity, but it does not go on to link this to no
change in direction.
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Question 16 (c)

This was another standard definition but only about a third got both marks. Candidates
clearly had a good idea of what was required but ether omitted any mention of incidence,
just referring to the angle the wave arrives at or similar, or did not make it clear that light
was all reflected and none was refracted at this angle.

(c) A student decides to use a gel ball to model the formation of a rainbow by raindrops.
He wants to see if total internal reflection occurs.

Explain what is meant by total internal reflection.
(2)

Whe K e b oicdece b5 gede e
N '“M cr¥cJ qna\t. 9 = 'ﬂ*-) _ u;;\‘)‘.s an H\.

_____rcﬂu:xé  wane . unauao ng ‘vr“-u re 'Htr.)r on u.}ln -
eobied

\C

no
ﬁ ResuitsP

=

+HlUS
Examiner Comments

This answer identifies the angle of incidence greater than
the critical angle but doesn't make it clear that there

is only reflection and no refraction. The diagram might
support this, but the labelling is insufficient as it does not
make lack of refraction explicit.

(¢) A student decides to use a gel ball to model the formation of a rainbow by raindrops.
He wants to see if total internal reflection occurs.

Explain what is meant by total internal reflection.
(2)

Tobod \nyecnod . Refleckon (s when. Yhe
[Lmzjle cr(. Lingidence.. p.cus‘seg%efrahcm
Mbqlé ol O MAAE ,%{Mww{ms
fan/j o Xefrocted  bue. . (eflecked MY .

us

Examiner Comments

This gets a mark for stating that the wave is no longer
refracted but reflected.'Passes the critical angle' is not
sufficient as it could refer to a steady increase or a
steady decrease in angle until that point is reached.
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Question 16 (d) (i-iii)

A good majority gained at least four marks for this three part section and nearly half got five
or more marks and a quarter got all six. The calculations were relatively straightforward and
provided the majority of the marks.

In part (iii), some candidates didn’t use information about angles but just assumed that
total internal reflection would occur. Some candidates clearly thought that there is only
reflection or refraction in any situation and were not aware of partial internal reflection.
Some correctly stated that angle y was smaller than the critical angle but drew the wrong
conclusion.

(i) Show that the angle x is about 40°,

refractive index of gel = 1.33
)

!'A "
wefrackise \adox = 2

Q)

(iii) Angle x has the same value as angle y.
Explain whether light from the laser will be observed on screen 1.
(2)

o ho  as  lle ande ¥ (5 kss
G e crticul  ergle o £

L flec e ighe e

ﬁ ResultsPlus

Examiner Comments

In parts (i) and (ii) the equations are used correctly for one mark each, but the answers
are not awarded a mark in either case. In (i) the answer is not given to an extra decimal
place to the suggested answer of 40° and in (ii) the rounding to 48° is incorrect.

In (ii), y has been identified as smaller than the critical angle, but the effect has been
misinterpreted.

GCE Physics 6PH02 01
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(i) Show that the angle x is about 40°.
refractive index of gel = 1.33

' . (2)
// _ Sal o &in 60 _ (.33.

C = a0 (22).

(i1) Show that the critical angle for light striking the boundary of gel with air is about 50°.

(2)

(ili) Angle x has the same value as angle .
Explain whether light from the laser will be observed on screen 1.

e th l. Ir \?J on

mﬁywm{]mmumw

ﬁ ResultsPlus

Examiner Comments

The calculations are correct in (i) and (ii). The last
part has a slight error in that it says light cannot
be internally reflected. At such angles there is
some internal reflection and some refraction. The
diagram shows the reflection.
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Question 17 (a)

While the mark for waves meeting was straightforward and usually awarded, the following
part about adding displacement was only seen about a sixth of the time. There were often
descriptions, sometimes with diagrams, of peaks and troughs meeting, showing that
candidates had an understanding in outline, but they could not give this standard definition.
Many candidates referred to adding amplitudes or mixed amplitude and displacement in
their answers.

IWfState what is meant by the principle of superposition of waves.
* (2)

S e =TT bk AN = —

The amplitude of ’Rw@ws orwore are Adcled fogernes. w
c,ﬂﬂawmnulwbbem&amg}\wammmwm WY
LM 2 FOL @XSIIPR. o

{ i ~
ﬁ ResultsPlus

Examiner Comments

No marks were awarded. The reference is

to amplitude rather than displacement. The
diagrams are not sufficient without labelling,
which would, in this case, need to be as much as
the written answer would require anyway.

@ ResultsPlus

Examiner Tip

Remember that when describing superposition
reference to adding the displacements is
required rather than adding the amplitudes.
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17 (a) State what is meant by the principle of superposition of waves,
(2)

LR EUQLQC.INC. HOWERL. . mee D, trowellng..
oppodite.. Dcecklons.. .0nd. ..

e qum o the. gl aanW/ CO Lt EWA ) A LU ...
mfhcromlcumlwmcn,r/ampwcw

<?Z ResultsPlus

Examiner Comments

This offers the examiner the choice between
displacement and amplitude and so does not get the
mark. If a candidate isn't sure, they can't expect the
examiner to choose for them. The exception would be
when multiple answers are all acceptable individually.

OO ResultsPlus

Examiner Tip

If you leave a choice of answers and one is incorrect, you
will not be given the mark.

GCE Phyvsics 6PHO02 01
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Question 17 (b)

Few candidates failed to score at least one mark here, the most common being for
‘perpendicular’ in the first sentence, and over half scored two, usually by changing rotated
to blocked or similar. Far fewer made the other changes. Some candidates made the
required change to a sentence but made other changes so that it was no longer correct, for
example in the second sentence where they could end up saying that parallel oscillations
were blocked. A noticeable minority changed transverse to longitudinal for electromagnetic
waves.

(b) Electromagnetic waves involve oscillating electric fields.

A student made the following notes about the polarisation of electromagnetic waves.
The notes contain a number of errors.

tlectromagnetic waves are transverse, with oMarmpmﬁueLtaﬁw
dirvection of motiov Roperel. | »

Whew ass through v polarising filter all the componenty of the
modl&%em%ﬁwﬁlm’&pmofpo{mmtmma
rotated. e

The oscillationy of the polarised wave awe all inv the saume plane which i
perpendicular to-the divectiow of energy transfer.

Copy the passage, correcting the errors,
(4)

) | J

) ..|I.-9. ““"' Cj'f'if/{_""‘ :;{, lr?.]ﬁ"":':'. .
*.5 / 7
. I““‘/JIH«# ..h—#ﬂl I(?a\:ﬁa ',‘_ ,q.::"f J /‘({ r o '.'f "’l( el n(ﬂ-_.-"w’.r'tgf %
0 L N
SJ;;‘{..:’L«—,/ P B O P PSP SP SR PSPPI
//p"—‘f J.'.*.{r:..:..ﬂf.ﬁ’;.a.;'l.‘l'fdr..?.ﬁ . :3‘ . ’FJ:I I A-:I.‘F.:{.v..ﬂ .f'. PR N Y. Wy, [,.‘~/°{fm. . £'I- K. S i, f”é it ..
{ ] |

U‘jlf"ﬂ{‘ Y K S /_’:’b'—-"‘ .x.'i.il!.‘.-..f . L{-E . ”I ... .-.‘,','!/.‘.'..:' fa f' :

< g (IO - S - I - SR A= . iy " e
| (G I\:- .\.:'\-. J'I -\S.A

Examiner Comments

This answer has been awarded no marks. The correct change to
perpendicular was made in the first sentence, but the waves have been
changed to longitudinal so the sentence is not a correct statement.

Similarly, a correct change was made at the end of the second sentence
but it has been made incorrect by the change to the direction.

GCE Physics 6PH02 01
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(b) Electromagnetic waves involve oscillating electric fields.

A student made the following notes about the polarisation of electromagnetic waves.
The notes contain a number of errors.

tlectromagnetic wavey ave transverse, with oscillationy parallel to-the
direction of motion.

Whew through av polawising fllter all the componenty of the
MW wﬂwﬁlw/kpm&polwuaﬁmvﬂw

The oscillations of the ised wave awe all irv the saume plane which iy
perpendicular to-the of energy transfer.

Copy the passage, correcting the errors.
(4)

_______ aSM\L“m@WWUJ Lo .*ro N Q.\a\.rf-u'\bn @,L |
R m@pqﬂ‘ ON When  Khem  erse DNDuLgn | o poleaming
N2 aM OF 'E\Jf v osa\Mahoas | perpaadae e o,
..... WM{RKWSBQLM G po\,m\s«.ﬂ OA.. B8
@ gdesoctee & e ggulebony  Of M
@L«\W& o ace oA in e Somt . P_L ________________ Nt

<@z ResultsPlus

Examiner Comments

The changes are all correct except the last one
where it should be stated that the plane includes
the direction of propagation.
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Question 17 (c) (i)

About three quarters gained at least one mark, most commonly for linking constructive and
destructive interference to light and dark areas respectively, but only about half of them
got any more than this. The lack of clarity and precision seen in part (a) was also seen
here with many describing interference somewhat vaguely in terms of peaks and troughs
rather than phase or path difference. Some got phase and path difference mixed up, for
example referring to a phase difference of A. For those who did describe interference well,
the difference between scoring three marks and two marks was often due to writing ‘out of
phase’ instead of ‘antiphase’.

(c) The arrangement in the diagram demonstrates the effect of superposition. When a
monochromatic light source is used, a series of dark and light bands is formed on the
screen.

e
| -
B dark band

~———— light band

not to scale

light
source

narrow double -

single slit
slit
screen

*(i) Explain how the dark and light bands are formed by light reaching the screen
from the two slits of the double slit.
3)
L ONOINICLIUE. NG AT O IARLI N I ...
o AOLC L pE IS A

TROUG Ay (LTI COIE. LA fCLCt1 (0. LA AN e 0. Q). Al JUABIKL.

MATARCNE.. f I RAE. LA TR

ONHA... QLU 2. Pl R ek, L@ L ISC . AT L.

YA CUNJANLO ... L ... AG I AUAG ...

Examiner Comments

This links dark and light to destructive and constructive interference
correctly, but the rest of the explanation lacks detail as it does not
refer to either phase change or path difference. Answers based on peak
meets trough alone did not get the superposition marks.
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() The arrangement in the diagram demonstrates the effect of superposition. When a

monochromatic light source is used, a series of dark and light bands is formed on the
screen.

w—
1 —

B dark band
| m—

—
narrow double —
single slit
slit

screen

not to scale

.
light

source

light band

*(i) Explain how the dark and light bands are formed by light reaching the screen
from the two slits of the double slit.

(3)

The.15h+-sdu:$ro.c+edas+passes*4rov3w+!qa
SVHAS. .50 A8 wover  speead oot ane eaove (A

B T 2200 Y~ RV R 1 SN 2 SRR L0 X SR Yo 10T & SO %o - S——

oJaNe ¥

Aorrnedo e dnese el Eractect  oapc€3  cnepd

eachqg-rhvmwase;m’f'ﬂa*'*"!bf

!f\*ef?ﬂ/‘{.Cﬁ‘”‘“l“u(l“\fei‘{mﬂd(e“{\“w“‘"‘e

clorik
oo the Ce  The. . elpl

______ gt waved . hoave | destnxhivecy ot .
be ca b€ ’r'”%((“"? ouvt of fhaose
cancel ?U* 1?61044 other s am:pifﬂld‘@f.

The Iﬁgh-‘r Lanels have ¢ hig h pensity of
lgat  dve o thed lowe.  ampltucdes <€

A\
ﬁ ResultsPlus (

kands o eccof  wheme the

Examiner Comments

Examiner Tip

This gets two marks, the only error being a
reference to 'out of phase' for destructive
interference instead of 'antiphase’.

should be described as 'antiphase’.

'Out of phase' simply means not in phase.
The situation for destructive interference
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Question 17 (c) (ii)

About half of the entry got at least one mark by suggesting that interference would not
occur, but a very small minority got all three. A mark was commonly missed by candidates
just saying that waves were perpendicular or in perpendicular directions without mentioning
oscillation.

(ii) Polarising filters are placed behind the slits as shown. When the planes of
polarisation are parallel, the pattern of light and dark bands is still seen.

polarising filter

not to scale

—
—
B dark band
“
light | —
——— light band
source screen 1ght ban
narrow double r——
single slit slit
polarising filter :r
If one polarising filter 1s rotated through 90° there are no dark bands and the t

screen is illuminated evenly.

Explain why there are no dark bands when one filter has a plane of polarisation at
90° to that of the other filter.

(3)

becase. +he peaks # troughs ofF. oAl polavised . wowe.
Q. o Q. differont plound. fo. the. &gkt iaves fhadt .

avelled #hrough s otar hlter Therefore thes
15..000...ConshUCh . of . AeShuChv@ itenreca.™ o
the  wedl o5 evenly iluinated .

A5 yeu. .con. O/y canctl out p&?KS 2 M/oyﬂs
bhat. ok . tha. Seune plen@. .

AN\
ﬁ ResultsPlus @ ResultsPlus
Examiner Comments Examiner Tip

This answer gets the mark for no interference,
but no more. The reference to different
planes is not sufficient. They needed to

be perpendicular, because there would be
interfering components for other angles. It
also should have referred to oscillations in the
perpendicular planes or directions.

When considering polarisation, remember
that oscillations have components in all
planes except that perpendicular to their
own plane.
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not to scale
™
light
source
narrow double
single slit slit

screen is illuminated evenly.

90° to that of the other filter.

e T e e Selles e

ﬁ ResultsPlus

Examiner Comments

This correctly identifies the perpendicular
planes and consequent lack of superposition,
but does not address the lack of dark bands
specifically by reference to the lack of points
of zero amplitude.

GCE Phvsics 6PHO02 01

(ii) Polarising filters are placed behind the slits as shown. When the planes of
polarisation are parallel, the pattern of light and dark bands is still seen.

polarising filter

| —

screen

—_
——
B dork band

~— light band

polarising filter

If one polarising filter is rotated through 90° there are no dark bands and the

Explain why there are no dark bands when one filter has a plane of polarisation at

BN SR (oS ST o (o S o AU 1o O
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Question 18 (a)

The great majority, nearly 9 out of 10, scored a straightforward four marks. The most

common error was to add 69 000 J and 29 000 J for total energy.

18 When food is cooked in a microwave oven, microwave radiation is absorbed by water
molecules, increasing the internal energy of the food.

(a) A student heats water in a microwave oven for 1 minute to determine the efficiency
of the oven at transferring energy to the water. The current in the microwave oven
is 5.0 A and the potential difference is 230 V. The increase in internal energy of the
water is 29 000 J,

Calculate the efficiency of the microwave oven at heating the water.
4)

g m Tokad omesspy ‘_,i-—“; ‘“‘Zq@mamm
ﬁ “EekaN @ﬁQ,ED Mfw (E@mfﬁo&@

01 T, o0

B Sx box. Z}ﬁ éﬂ@@oj

Efficiency =

ResultsPlus

Examiner Comments

The total energy has been calculated correctly, but
it has then been misapplied by having the energy
output added, so this was awarded two marks.

GCE Physics 6PH02 01
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18 When food is cooked in a microwave oven, microwave radiation is absorbed by water
molecules, increasing the internal energy of the food.

(a) A student heats water in a microwave oven for 1 minute to determine the efficiency
of the oven at transferring energy to the water. The current in the microwave oven
is 5.0 A and the potential difference is 230 V. The increase in internal energy of the
water is 29 000 J.

Calculate the efficiency of the microwave oven at heating the water.
4)

S— OCDZS 8 7

Examiner Comments

This gets a mark for the use of W = IVt only, but
there is a mistake in the calculation. The candidate
has calculated efficiency with the smaller value

as the numerator to ensure the value is less than
100%, but it is incorrect because of the wrong
answer for total energy.
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Question 18 (b)

Only about a third scored here, many candidates misidentifying microwaves as ionising
radiation which would result in cancer. While a large number identified water as an absorber
of microwaves, many did not mention water in the body or make a clear link to the effect on
tissues in the body or else they made statements like ‘the body will be cooked’.

(b) The photograph shows a microwave leakage detector.

The detector is held next to the microwave oven to see if any microwave radiation is
leaking to the surroundings.

Suggest why microwave radiation leaking to the surroundings could be dangerous to people.
(2)

AI%DVJL : ML(%M{‘SH‘S,.EL.BMLL‘(&L

MI'MJ»MWPL LjLMj‘mn ALY AL tavual‘j

ResultsPlus

Examiner Comments

This incorrectly identifies microwaves as
ionising radiation.
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(b) The photograph shows a microwave leakage detector.

The detector is held next to the microwave oven to see if any microwave radiation is
leaking to the surroundings.

Suggest why microwave radiation leaking to the surroundings could be dangerous to people.
(2)

WMuowawe., mddlahion.. BIon s, s enisgy fo Wiadts
AL AVEYVES C"‘-OKMMJM - WM . wwoc:icg{ S
B WML 5O (kO U\CLMML/I@

lus
Examiner Comments

This correctly identifies water as a good absorber
of some microwave radiation and states that
human bodies contain a lot of water, but does not
identify possible harm in enough detail.
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Question 18 (c) (i)

A large majority got at least one part of this question correct and nearly two thirds got two
marks, so this is one of the better remembered definitions. A mark was sometimes lost by
reference to bending.

(c) The internal walls of the microwave oven are solid metal. The photograph shows the
door of a microwave oven.

The door consists of two sheets of glass with a layer of metal between. The layer of
metal has many small holes in it, so that food inside the microwave oven may be seen
while it is being heated without exposing the user to dangerous levels of microwave
radiation. It has been suggested that, due to diffraction effects, light can pass through
the holes but microwaves cannot.

(i) Explain what is meant by diffraction.

(2)
wEnffracmoa. s ket n e SO o g RS S,
S USSR T SNP-NTE ISP S B SRR 1 W5 S & S SRTIE ~Yor='7 N S SE 3 Ue SO

B = = N = S

Results¥lus
Examiner Comments
This identifies waves passing through a slit as an

example, but refers to spreading the source instead
of spreading of the waves.
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(c) The internal walls of the microwave oven are solid metal. The photograph shows the
door of a microwave oven.

The door consists of two sheets of glass with a layer of metal between. The layer of
metal has many small holes in it, so that food inside the microwave oven may be seen
while it is being heated without exposing the user to dangerous levels of microwave
radiation. It has been suggested that, due to diffraction effects, light can pass through

the holes but microwaves cannot.

(1) Explain what is meant by diffraction.
(2)

CDROOION B KN aoceondivg  ewk  OF WOWRR 0N

SR

ﬁ / ResultsPlus

Examiner Comments

This is nearly correct but has been poorly
expressed as it refers to waves passing through an
obstacle or around a gap rather than vice versa.
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Question 18 (c) (ii)

Although most candidates were able to apply the wave equation, about a third did not get
the final answer, usually through a power of ten error for Giga. Answers were sometimes so
large or small one might have expected candidates to notice and try again, but they usually

just accept what they see on the calculator display.

(i) Calculate the wavelength of the microwave radiation used in the oven. Ko
. ) poersioe
microwave frequency = 2.5 GHz. £ ) 0owp Ocy g

(2)

vihF ZpetraS ey
307 L) 5%0° = oo

o Mem

Wavelength= ...

ﬁ ResultsPlus

Examiner Comments
This gets a mark for use of the wave equation as power of ten errors are
allowed for this mark.

Giga has been incorrectly applied as 10%° and the calculation is incorrect.
A

OO ResultsPlus

Examiner Tip

Be sure to know the required SI prefixes.

GCE Physics 6PH02 01
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(ii) Calculate the wavelength of the microwave radiation used in the oven.

Gx 0 A
microwave frequency = 2.5 GHz. L

Wavelength = A 2ANOT N

Examiner Comments

This has been set out correctly but there is a mistake in the
calculation. Candidates would generally be expected to realise that
an answer like this is highly unlikely and check their calculations.

OO ResultsPlus

Examiner Tip

When an answer is clearly far too large or
too small, check your calculations.
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Question 18 (c) (iii)

About one in six didn’t get the mark. Some misread the scale, e.g. 0.2 mm, some may have
wrongly converted when they wanted to give the answer in m, e.g. 0.2 m, some halved their
measurement, some calculated the area and a few just got it wrong, e.g. 3 mm.

(iii) The photograph shows a section of the microwave oven door. Use the
photograph to determine the diameter of the holes.

(1)
-3
. -3
Diameter = . 2w W
Examiner Comments
An example of a candidate misreading the scale units.
(iii) The photograph shows a section of the microwave oven door. Use the
photograph to determine the diameter of the holes.
(1)
Imm: 0-041= 00000
Diameter = . &YW 0 002Zm

FIUS
Examiner Comments

Many candidates gave the answer in a range of
units, like in this response.

On the whole it is better to give just one answer
in case one of the different versions is incorrect
as this could jeopardise the mark.
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Question 18 (c) (iv)

Only about one in five scored on this question. Many made it clear that they think that
diffraction only occurs when the wavelength is about the same as the gap size. Many

more have apparently only considered diffraction when gap size is equal to or greater

than wavelenght and not investigated smaller gaps where there is still diffraction through a
very large angle but a decreasing intensity.

*(iv) Discuss the suggestion that, due to diffraction effects, light can pass through the
holes but microwaves cannot.

(3)
™o Woles  mmasd e o~ sinmales size (o

WeMs . DM Wwﬁk ot uixilale ‘mw i
oo AL Maaa L Dasck 0 £ A TDNONALL SO GO
o d,;&r&&mm}pﬂ“ Ldeongia e aeles et

(Total for Question 18 = 14 marks)

mwﬁmdhmo

Examiner Comments

This incorrectly suggests that diffraction only occurs
when the size of the gap is the same as the wavelength.

It also compares the wavelength of light to microwaves
but not the gap size.

You must be able to describe the effects of
diffraction when the gap is much smaller than the
wavelength as well as when it is much larger.
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*(iv) Discuss the suggestion that, due to diffraction effects, light can pass through the
holes but microwaves cannot.

3)
ath of mcowont adiadond qu qreaker
d"w‘iﬁ‘@f of e holes...

AL A oONGS ﬁ@/v\ St 4
31 3}\} would  have ﬁfm

an the dameker of #E
) 155 theagh (60 ok be dffaced).

%Examiner Comments

This correctly identifies the size of microwaves
and light waves relative to the gap size and
links this to little diffraction for light to get two

marks. There is no general comment about gap
size linked to diffraction.
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Paper Summary

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

learn definitions in detail so they can be quoted fully, using the required terminology

check that quantitative answers represent sensible values and to check calculations
when they do not

learn standard descriptions of physical processes, such as polarisation and interference,
and be able to 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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