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Introduction

WPH12 is a unit paper on the Pearson Edexcel International AS level course which covers the
topics of Waves and Electricity. As usual, the paper for this series contained 10 marks of
multiple choice questions in Section A.

Section B had 7 longer answer questions which consisted of short open responses,
calculations and some extended written answers. Question 14(b) was related to Core
Practical activities that candidates undertake as part of the IAL course. This unit always
contains one 6 mark linkage question, which on this occasion was about how atoms in a gas
can be stimulated to release photons.

On the whole, candidate performance on the paper during this series was broadly in line
with previous series, although there are always going to be particular questions that
candidates find more challenging. In this series the questions found to be the most difficult

were Q13(b), Q13(c), Q14(a)(ii), Q15(b), Q17(b) Q18(c)(i) and Q18(c)(ii).

Candidates continue to show evidence of good preparation for the test but there are some
aspects that need more focus. In many cases marks were lost for failing to add units to
calculations and some responses were too general and not linked to the context in the
question.

The standard in this paper was similar to previous series although there were several
contexts within this paper that may have been less familiar than previous series, for example
questions 18 and 15.

Calculations were generally performed well but there are still some responses to longer
guestions where application of physics principles was lacking.

Section A: Multiple Choice

Although Section A was generally completed very well by most candidates, questions 2 and 8
were answered correctly by less than half the candidates.
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Subject

Correct response

Comment

Comparing resistance
of a wire and

Temperature
increase reduces

1 thermistor when B thermistor resistance
temperature and increases wire
increases resistance

5 Potential divider D Potential difference is
circuit shared

Correct
3 Use of Snell's law B
rearrangement
All other responses

4 Wave particle duality | C relate to particle

nature of light

5 Internal resistance C Useof E=I(R+r)

. Correct definition of

6 Photoelectric effect C

threshold frequency
. ) . Correct
Resistors in series
7 D rearrangement of
and parallel
relevant formulae
. Correct
Wave on a string

8 ) C rearrangement of

under tension )
tension formula

9 Ohm’ and Kirchoff's A Correct calculation

laws and arrangement
Correct gradient
10 Photoelectric effect B calculation linked to

Einstein equation
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Question 11

This was an interesting question in the sense that it had veered from the more expected
format of a question involving polarisation. Many candidates failed to appreciate the
importance of the context and simply regurgitated a definition of polarised and unpolarised
light. It was important to understand that the mobile phone screen contains a liquid crystal
display that does not emit light by itself but rather modulates light passing through it. The
screen itself therefore lets polarised light pass through it. Most questions involving
polarisation ask candidates to explain why light will or will not pass through polaroid filters in
a more specific way. In this context there are two filters which at a certain point will have
planes either perpendicular or parallel to each other.

11) A student wearing polarising sunglasses observes a mobile phone screen.

The student rotates the mobile phone through 90°, as shown. The screen then appears
completely black.

mobile phone mobile phone rotated through 90°

Explain why the screen appears completely black when the student rotates the mobile
phone through 90°.

The 151«& %‘( ]75,55 the +Le, wreen 1y ‘F?IML olion |gH‘
w it :Jrlu7 howe | 0. ;f* ohvection o PJ’IM:. wLM he ro*ﬁz%e,
Flwh& ﬂfau%”) 9. 041 J|gl1 J"ﬂne"ﬂr{ o&recﬂm £0..ne. hglﬂf Lo e

fllrmsh the. Po’wrsm? Gungasses.
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M,

Y { ResultsPlus

~ Examiner Comments
This candidate recognised that the light emitted from the mobile
phone screen is plane polarised as the screen itself is having an effect
on the orientation of the light passing through it. It was a promising
start but an explanation of how the planes of polarisation would have
an effect on the transmission of light passing through them upon
rotation was not discussed in any detail, so marking point 2 was not
scored. No light passing through the polarising sunglasses clearly
scored marking point 3.

A\ ResultsPlus
\ Examiner Tip
Polarisation occurs as a consequence of unpolarised light reflecting
from a medium with a refractive index. It should be obvious that the
light source from the phone was polarised when passing though the
(liquid crystal) display. Try to describe the context you have been
presented with rather than giving a learned definition of polarised or
unpolarised light.
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11) A student wearing polarising sunglasses observes a mobile phone screen.

The student rotates the mobile phone through 90°, as shown. The screen then appears
completely black.

mobile phone mobile phone rotated through 90°

Explain why the screen appears completely black when the student rotates the mobile
phone through 90°.

AN, Lﬁm‘. RS 'Mua‘d o falaxmn —‘M, Wb

......... placised. Tis e wlen At c.eel, i, woues il g0

... irechon . are ,%mel P :4 S A %h,

f’\»\va, Mpmmgkio pole
fowmsin}ﬁnmswglwﬂlaﬂwmwmhl

(Total for Question 11 = 3 marks)
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Y / ResultsPlus

/'--.'. Examiner Comments
In this response the candidate was unsure as to why light transmitted
from a mobile phone was originally seen by an observer wearing
polarising sunglasses, but after rotation of the phone was not. There
was a suggestion that that the sunglasses polarise the light but the
light from the phone is already polarised before being observed. It was
further suggested that the polarising filters would block light in every
direction at some point, which is clearly non sensical.
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Question 12 (a)

This question is a variation on a similar theme from previous series where candidates have
been asked to explain what would be observed if white light was shone through a diffraction
grating. In this context we are told that a white central maximum would be formed and the
diagram displays the position of red and violet from the visible spectrum. The explanation for
this is linked to the wavelength and the diffraction grating formula.

12) A student directs a beam of white light through a diffraction grating and onto a screen.
A white central maximum forms on the screen with a visible spectrum of light on either

side, as shown.
screen
diffraction
violet light
g 4 - 14° . g
white light > white central maximum

(a) In the visible spectrum formed on the screen, violet light is closest to the central
maximum and red light is furthest away.

Explain why the violet light is closest to the central maximum.

”“4 ][reqmy
e eqmty af the Wt ses

(2)
-ehe wolet [ h‘t a5 Lo

N\

y { ResultsPlus
I/--.. Examiner Comments

In this example there is no reference at all to wavelength but rather a
vague reference about frequency and no mention at all of a relevant
formula. Statements such as one frequency being close to another
would be unlikely to ever score anything. This script clearly scores 0
marks.
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12, A student directs a beam of white light through a diffraction grating and onto a screen,
A white central maximum forms on the screen with a visible spectrum of light on either
side, as shown.

screen
diffraction
gra[ing red llght
violet light

14° . .
white central maximum

Y

white light

(a) In the visible spectrum formed on the screen, violet light is closest to the central
maximum and red light is furthest away.

Explain why the violet light is closest to the central maximum.

_Mm M Wla,ﬂ nr?=dzm9, 5 te welyth
dareases. kma will dearse.. aa#q a@dm:zgz

peporional.

(2)

N,

ﬁ/ { ResultsPlus
/--. Examiner Comments

This response scores the first marking point for recognising that violet
has a shorter wavelength than red. Although this has not been
specifically stated it is clear from the wording in the question that the
candidate is referring to violet and not red. The second marking point
has not been awarded as although the formula has been written there
is no clear link to d sinB being smaller meaning 8 must be smaller, nor
a reference to sinB being smaller.

A\ ResultsPhus
<D

| Examiner Tip
When explaining the behaviour of waves during diffraction it would
always be helpful to use the formula nA = dsinB to explain how a
change in angle affects the wavelength or vice versa.
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12) A student directs a beam of white light through a diffraction grating and onto a screen,
A white central maximum forms on the screen with a visible spectrum of light on either
side, as shown.

sCcreen
diffraction ‘
grating red light
violet light
white light > 14° white central maximum

(a) In the visible spectrum formed on the screen, violet light is closest to the central
maximum and red light is furthest away.

Explain why the violet light is closest to the central maximum.

ﬂﬂesuﬁsﬂtﬁ
Examiner Comments

This was a rare two mark response where the candidate has clearly
used the formula nA = dsinB to explain that because violet has a

shorter wavelength and both n and d are constant, then clearly sinB
must be smaller for violet as it has a shorter wavelength.
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Question 12 (b)

This was a straightforward calculation using the formula nA = dsinB. The required angle
needed to be taken from the diagram and the line spacing was also supplied. It should have
also been evident that the diagram was showing a first order diffraction pattern and
therefore the value of n was 1. If any other value of n was used then only the first marking
point could be awarded.

(b) The diffraction grating has a line spacing of 1.62 x 10°m.
Calculate the wavelength of the violet light.

(2)
I B T O e
s
l s
1" 62948 A

J> 1: 162?‘5'Iﬂbé

Sin | 3 o
MY 5 / £ Tnto ¢
e T T e c .

Wavelength of the violet light = SR 0 o305 S
~ (Total for Question 12 = 4 marks)

M,

\/ / ResultsPlus

/'-—-‘: Examiner Comments

In this example the candidate clearly did not understand that d is the
line spacing and this value was given, the candidate thought that the
line spacing had to be calculated by taking the reciprocal of the value
given. As a consequence neither mark could be awarded as the
formula was not used correctly and the calculated value was incorrect.
It is worth noting that no unit was written next to the calculated value.

&4\ ResultsPlus
KD

Examiner Tip
Make sure that you are aware of what each of the symbols in a formula
represent.
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(b) The diffraction grating has a line spacing of 1.62 x 10°m.
Calculate the wavelength of the violet light.

@)
.................................. I 1L
................................ i@l - ot
LS sy
Wavelength of the violet light = ... 2.q (0.
(Total for Question 12 = 4 marks)

|

ﬂ ResultsPlus
Examiner Comments

The formula was used to calculate the correct value for wavelength,
however, as was all too common, this candidate failed to provide the
unit for wavelength in the answer line.

Pl

/\Vj ResultsPlus

| Examiner Tip
Always provide a correct unit for any calculated quantity.
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Question 13 (a)

This was quite a standard question involving the pulse echo technique where sound waves
are being used to detect fish. The duration of the pulse was provided as well as the speed of
sound in water. Candidates were required to use this information to calculate the distance to
the fish. Successful candidates recognised that a correct calculation involved either doubling
the time or halving the distance and substituting these into the equation v = s/t. This was a
well answered question and indicates that candidates have become more familiar with the
applications of the pulse echo technique.

13; A fishing boat uses a pulse-echo technique to determine the depth of fish under the
water surface,

The boat has a transducer which emits pulses of sound into the water and detects
returning pulses of sound.

' (a) The transducer emits a pulse of sound and detects an echo from a fish after a time
of 37 ms.

speed of sound in water = 1500 ms™

Calculate the distance between the transducer and the fish.
(3)

=
G 1= W I K S

N R ey

[,

Y / ResultsPlus
/'--.‘: Examiner Comments

This candidate was confused and thought that it was necessary to use
the wave equation as a speed of sound had been provided. However,
no information was given about the frequency or wavelength of the
ultrasound and this equation was of no value. As a consequence no
mark was awarded.
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13, A fishing boat uses a pulse-echo technique to determine the depth of fish under the
water surface,

The boat has a transducer which emits pulses of sound into the water and detects
returning pulses of sound.

(a) The transducer emits a pulse of sound and detects an echo from a fish after a time
of 37ms.

speed of sound in water = 1500ms™
Calculate the distance between the transducer and the fish.

- 12.85=)co.=0.185 .
diStance e=d X. ZL//WC:’
r = hgg £

(3)

Distance = 2.7.. Z+.5.mM...

\(/K ResultsPlus
Examiner Comments

This was a two mark response where the candidate used the correct
equation and recognised that the time needed to be halved in order to
calculate the correct distance. However, the time had been provided in
milliseconds and this candidate failed to convert it correctly. Note that
a unit for distance was provided.

< ResultsPlus

| Examiner Tip
The pulse echo technique does not require a wavelength or frequency
to calculate the distance to an object. Always check the magnitude of
the quantities provided and convert correctly.
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13, A fishing boat uses a pulse-echo technique to determine the depth of fish under the
water surface,

The boat has a transducer which emits pulses of sound into the water and detects
returning pulses of sound.

(a) The transducer emits a pulse of sound and detects an echo from a fish after a time
of37ms. 2 srx %<

speed of sound in water = 1500ms™
Calculate the distance between the transducer and the fish,

(3)
........................................................... B T B~ X
................................................................... ods. dseoxCame®) oo
......................................................................... o i A M 1 o B sy SO
Distance = .......... 20 . .8ve........

¢ ResultsPlus

Examiner Comments

A perfect response where the time was double and the correct
distance calculated.
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Question 13 (b)

This question presented a great deal of difficulty to the majority of candidates and there
were many responses that failed to address the question in a logical way. The theme of pulse
echo was continuing from the previous part and it should have been obvious that in this
technique a pulse is emitted and then detected. If the distance was greater, then the time for
a pulse to return would have been longer and as a consequence a second signal would have
been emitted before the return of the first. This would have meant that the fish would not

have been detected. Therefore the pulse duration limits the distance over which the fish can
be located.

(b) After each pulse is emitted by the transducer, there is a fixed time T before the next
pulse is emitted.

Explain how T affects the maximum distance at which a fish can be detected.
(2)

O N T T O

[,
\ Y,

" / ResultsPlus

/'--.". Examiner Comments
This was a simple response but good enough for marking point 1. It
linked increasing time with increasing distance but failed to give an
explanation as to why this was important.
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(b) After each pulse is emitted by the transducer, there is a fixed time 7 before the next
pulse is emitted.

Explain how T affects the maximum distance at which a fish can be detected.
(2)

ﬂ ResultsPlus
Examiner Comments

This was a very good response where the candidate clearly recognised
the importance of timing the transmission of the pulses so that they
could cover the distance and return before interfering with another
pulse.
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Question 13 (¢)

This question has appeared in several papers in the past few series albeit in different
scenarios. Regardless of the context candidates should be aware that by increasing the
frequency of a sound wave, its wavelength must decrease as the speed is constant. As a
consequence the shorter wave would diffract less and give a better resolution. In this case it
would have enabled the detection of smaller fish.

WAO\(C OO USALWODREAT DY
(c) The transducer can emit pulses of sound waves of different frequency.

Explain how the frequency should be adjusted to unprove the accuracy when
detecting the location of a fish. ,
(2)

B Saend aeeese N\~e ? “&'
O NORN Q?QPWQQC% ANOEONES | vﬂﬁ“'&'
paved  ore RN 0% SRCeN custan
g(‘t: \«%m‘c NAe ASence. st Ye (c\ \"l
W\th’ (&9_0\(\-\ ke BNee f'&"_\umah%f%r Question 13 = 7 marks)

I\

y { ResultsPlus
I/*--._ Examiner Comments

This was a poor response which got off to a promising start by
suggesting that the frequency should be increased. Unfortunately this
candidate was unaware that the wave would not travel any faster and
had no effect on the distance over which the fish could be detected.
We wanted an idea of locating a smaller object rather than one that
was further away.
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(c) The transducer can emit pulses of sound waves of different frequency.

Explain how the frequency should be adjusted to improve the accuracy when
detecti utl;r_ location of a fish.

J:fXTke_F Mﬁcyﬁkmka(behcr‘eﬂaeo(

to  decrea aﬁ«&wwe«f@gﬁxagm;m\\
laelPas@. ... tkeref:c:lwf‘im e

(2)

(Total for Question 13 = 7 marks)

y { ResultsPlus

/--._ Examiner Comments

Although this candidate wrote the wave equation it was not required
to receive full credit but it certainly enhanced the response. This was a

very good example of a two mark answer.

T\ ResultsPlus

\ Examiner Tip

In this context it is important to recognise the relationship between

frequency and wavelength and the effect of reducing wavelength on

the effectiveness of the pulse echo technique. In this question we were
looking for the word resolution or diffraction and gave no credit to
responses referring to greater detail or precision.
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Question 14 (a)(i)

This question asked for the definition of resistivity and the responses from the vast majority
of candidates were poor. Admittedly it is not a question that has been asked often in the past
but a sensible candidate should have been aware that a formula linking resistivity and
resistance is provided on the question paper and this would have been useful in trying to
answer this question.

14) An electrical heating system consists of heating panels.

Each panel is made from a thin sheet of conducting material attached to two copper
electrodes. The electrodes are connected to a power supply, as shown.

conducting material

copper electrodes

T

(a) A student uses a sample of the conducting material to determine its resistivity.

(i) State what is meant by resistivity of a material.

ity g A5 S o phapaiteh. gmertiy bt

R 5 S F B
- |

iﬁ ResultsPlus
Examiner Comments

Interestingly this candidate wrote down a correct formula but did not
do anything with it. Had they defined the terms in the equation then
the mark would have been awarded.

| Examiner Tip
If you are unclear of a definition then often a formula can help you.

- V ResultsPlus
\/
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14, An electrical heating system consists of heating panels.

Each panel is made from a thin sheet of conducting material attached to two copper
electrodes. The electrodes are connected to a power supply, as shown.

conducting material

i
i
-IV copper electrodes
AL
B =g
Qe

(2) A student uses a sample of the conducting material to determine its resistivity. =)

(i) State what is meant by resistivity of a material.

(1)

. . R%
Teos, the  resistonce * cpgckiod area oec. wnit e, /7 TL
_____ s o Qepecty ok & pratedal .

ResultsPlus
Examiner Comments

A very good response where it is worth noting that the definition
required the idea of cross-sectional area rather than just area and unit
length rather than just length.
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Question 14 (a)(ii)

In this part of the question a diagram of a conducting material in a circuit was provided and
candidates were asked to describe how a value for resistivity could be determined for the
material. This context was related to a required practical which candidates can expect to be
asked about in this paper. Once again a good starting point to help with a structured answer
would have been to make use of the formula linking resistance with resistivity. Using R = pl/A
to determine a value for resistivity we then need to know how to find the other values in the
equation. The width, length and thickness all need to be measured as well as a method for
calculating R. This could have been done using an ammeter and voltmeter to record current
and potential difference that then could have been substituted into Ohm's law. With these
values known a calculated area and resistance, along with a measure length could have been
substituted into the rearranged formula p = RA/L.

(ii) Describe how the student could determine a value for the resistivity of the
conducting material.

You do not need to draw a circuit diagram.

(4)
ML G mmmk, w;ﬁhv@ Msu@ At rmwa ;g _ﬁf
!LE WAL e e il g uatnSionl oy ar

BT 272 S WV 7/ S W S S V. )‘Gjtc ol cf‘am’fz#.._..._.
___.ﬁm_..____._..‘f'.'"«._.__.."ﬂf’fh‘ay

Y

\/ \ / ResultsPlus

X Examiner Comments

This candidate made no attempt to describe how the student could
measure the required values and was awarded no marks for this
response.

T\ ResultsPlus

\ Examiner Tip

The word describe in a question requires an account of something.
Statements in the response need to be developed as they are often

linked.
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(ii) Describe how the student could determine a value for the resistivity of the
conducting material.

You do not need to draw a circuit diagram.

.,...,...,....r.....l:,4__._.Gfmu.:.Tft.,.,..,,pﬂ.&fii.‘e..ﬂ.......;a..._...ua.f.tm.&.t.‘.#...l.'......J.'E..Lqmf'.._...}..s_._._f,?.am[.l.g,.l,,..,...

To the wateral ond o pmmeter thpt is. i Series.
With mptéerial , mem méasnure the readf‘uj V ool

......................................................................................................................................................................................... Fid B o s e I v v A AR

______________ : usﬁmmremlﬁtawemsuretﬂewuj-mp%ma‘rermlL
Owds width o _ond use wmicrometer to oetermine thickness s
............ s RE T RSB SO
......... so P2 I LTS

This is a concise but detailed response which covers all four of the
marking points. This candidate has clearly carried out such an
experiment and has demonstrated obvious practical skills. The answer
follows logical steps and these instructions could be followed easily.
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Question 14 (b)

This question proved to be quite a challenge to the vast majority of candidates as very few
achieved either of the first or second marking points. The key word in the question was
resistivity and therefore it would have been prudent to refer back to R = pl/A and rearrange
for resistivity. This should have enabled candidates to establish that R must have been lower
and as a consequence there would be more charge carriers in copper thus lower drift
velocity in copper due to v = I/nAq being smaller.

(b) Copper has a low resistivity compared with the resistivity of the

conducting material.
Explain how the low resistivity of copper affects the drift velocity of electrons in the
copper electrodes.
(2}
Sme T=nqVp Lawef resfjt: uty e s jamer

WS%“”T’#‘E#M IR )ﬂﬂﬂ n“‘k" ﬁ‘ e]z(-rrrrs mr W*{Wume
711 .[ D ﬁl gﬂmﬂ. LQCMSG "i'J R ll'l g(’g S
the AT VY ol be F Oy

\/ / ResultsPlus

Exa miner Comments

This was a very good answer where the lower resistance was clearly
linked to the increase in charge carriers and lower drift velocity.
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(b) Copper has a low resistivity compared with the resistivity of the
conducting material.

Explain how the low resistivity of copper affects the drift velocity of electrons in the
copper electrodes.

o The \otwey. Yoo Tenistivind . Hhe hioper . He  pesistance.

N

ig ResultsPlus
Examiner Comments

This candidate was unsure about the relationship between the number
of charge carriers and drift velocity but was awarded marking point 2
for the statement linked to the relevant formula.
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Question 14 (c)

(c) The power output of the heating system can be changed by connecting more panels
in parallel with the power supply, as shown. o

=y 5
\ = \ .
i ,-»""’I’\—’:‘- heating panel
i ot '_‘_& + '? % .
e s vC
‘ﬁ \ 41, :
- ’fﬁ‘:g e = IR
“ir“"‘
g v - R
55
v
Explain how adding panels in parallel changes the power output of the system.
(2)

....... /‘m*tj ﬂthﬁlﬂmer«} uereass ok dissapedron

resistance. w:ﬁwj:u-eﬂ;n;r#/

_ ResultsPlus

Examiner Comments

This candidate recognised that there were more resistors being placed
in parallel and recognised that this would result in more power.
However, there was no link to any of the power equations and the
response became confused.

@) ResultsPlus

Examiner Tip

Remember to refer to power equations in circuits as these will provide
the relationship between current, p.d. and power.
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Question 14 (d)

In this scenario candidates were presented a problem in which a deduction of whether a
heating system could be operated safely had to be made. The solution involved using the
equation R = pl/A but there was an unusual arrangement of the conducting materials in that
the length to be used was the shorter side and the depth had to be multiplied by the length
of the longer side to calculate the cross sectional area. Unfortunately, the majority of
candidates failed to recognise this and were limited to a maximum of three marks from the
five available.
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(d) A student designs a heating system using five heating panels, as shown.
conducting material

Ny

’

24V' 1.60m

=Pl

T Y R T
3

To be safe, the maximum power of the student’s heating system should be less

Deduce whether the student’s heating system is safe.

resistivity of conducting material = 6.4 x 10° Qm

thickness of conducting material = 0.48 mm
(5

: ResultsPlus

Examiner Comments

This candidate had written the relevant formula on the top right of the
answer space but made no further progress with it. It would have been
possible for this response to score the fourth marking point for the use
of a power equation. However, as can be seen, the value for resistivity
was incorrectly substituted into the equation.
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(d) A student designs a heating system using five heating panels, as shown.

conducting material

| A
= f'
24V! i 1.60m
T ' Vv
Slcm

To be safe, the maximum power of the student’s heating system should be lgss
than 350 W.

A — e,

Deduce whether the student’s heating system is safe.

resistivity of conducting material = 6.4 x 10°Qm
thickness of conducting material = 0.48 mm

(5)
= )
.................. R Apbtedzompe Re MEXSE ogsa
Lo
............................................... F{T"—.‘t—:.}']wn.rxj':fij!’:ﬂ...‘....‘...
I
EM‘T-*W’?SIN"-UL ............... SO T
-LJ-, T OO OO R T ST O OO OTPTUPOTOOTTON
p- K ?J A2 7.517(}0?‘9\/

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

ResultsPlus

Examiner Comments

This candidate made the common error of selecting the wrong value to
calculate the width and was not awarded the first marking point. The
second making point was awarded for a correct use of the resistivity
formula. The fourth marking point was not awarded as the correct
arrangement of the resistance of the 5 panels was not made. However,
although an incorrect resistance value was calculated it was correctly

used in a power equation and so the fourth marking point was
awarded.
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Examiner Tip
Marks can be awarded for the correct use of formulae with incorrectly
calculated values as long as they are dimensionally correct. It is always

worth trying to complete a calculation even though you may be aware
that some of your values are wrong.
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(d) A student designs a heating system using five heating panels, as shown.
conducting material

- M

To be safe, the maximum power of the student’s heating system should be less
than 350 W.

Deduce whether the student’s heating system is safe.

resistivity of conducting material = 6.4 x 10° Qm
thickness of conducting material = 0.48 mm

>

L2

<

(3

L 77U A 9.X
R J'?ﬂm%;l%"; 1

..................................................................................................................................................................................................................................................
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" / ResultsPlus

/'--.‘: Examiner Comments
This was a concisely executed calculation that gained all the marks. The
area was correctly calculated within the resistivity formula and a
correct value for length was substituted. The resistance value
calculated was used to calculate the total resistance for the 5 panels
and this correctly calculated value was used in a power equation. The
correct value for power was calculated and a correct deduction was
made.

A ResultsPlus
0\

Examiner Tip
In a deduction question make sure to compare the calculated value

with the given value and make a valid statement otherwise the final
mark will not be awarded.
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Question 15 (a)

In this question candidates were required to determine the time period of a wave from an
oscilloscope trace and use this to calculate the frequency of the wave. This style of question
is not uncommon and should have presented little difficulty for the majority of candidates.
However, the majority of responses used a time period calculated from a single wavelength
when the first marking point required a minimum of three waves to be used. Some
candidates also confused the large divisions with the smaller divisions on the scale. The
consequences of these errors resulted in a frequency value outside of the acceptable range
and this limited many responses to a maximum of one mark.
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15) The photograph shows a musical instrument called panpipes.

(Source: © barisonal/Getty Images)

The instrument is made using pipes of different lengths. Blowing air across the top of
one of the pipes produces a sound.

(a) A student connected a microphone to an oscilloscope. She then placed the
microphone near to one of the pipes. The photograph below shows the oscilloscope
screen when the pipe was producing a sound.

1 division

Calculate an accurate value for the frequency of the sound wave,

1 division = 1.5ms
(3)
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" / ResultsPlus

/'--.‘: Examiner Comments
This candidate simply took the time period for one division and
substituted this into the wave equation. Had they calculated 1/1.5ms
they would have scored the second marking point. The wave equation
is of no value here as the frequency could be calculated from 1/T. No
marks were scored in this response.
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15, The photograph shows a musical instrument called panpipes.

(Source: © barisonal/Getty Images)

The instrument is made using pipes of different lengths. Blowing air across the top of
one of the pipes produces a sound.

(a) A student connected a microphone to an oscilloscope. She then placed the
microphone near to one of the pipes. The photograph below shows the oscilloscope
screen when the pipe was producing a sound.

1 division

Calculate an accurate value for the frequency of the sound wave.

1 division = 1.5ms

(3)
| )
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N / ResultsPlus
/'--.‘: Examiner Comments

This candidate correctly used three waves to work out the time period
for the first marking point. The reciprocal of the time period led to a
value for frequency within the acceptable range and a unit was
provided.

i . ResultsPlus
KL

Examiner Tip
When taking values from an oscilloscope trace use as wide a range of
waves as possible as this will be more likely to lead to a calculated
value within the range.
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Question 15 (b)

Waves formed in an open ended tube which is closed at the other end have appeared in
many previous papers. It should be common knowledge by now that the wavelength of the
simplest wave in such a tube is four times the length and so for wave one A = 4L would have
given the wavelength. Wave two was slightly more difficult to work out but it should have
been clear that 3/4 of a wave in the tube and that its wavelength was therefore 4/3L for the
first marking point. A comparison could then have been made between the wavelength of
the two waves. It should have been clear at this stage that the velocity of the two waves was
constant so by using the wave equation v = f A the correct relationship between the
frequency of these two waves could have been deduced.

(b) Each pipe is open at the top and closed at the bottom. When air is blown across the
open end, a stationary wave is formed in the pipe.

The student was able to produce two sounds from the same pipe. The diagram
shows the nodes N and antinodes A in the stationary waves that caused each sound.

A A
N
pipe—" |
A
N N
Wave 1 Wave 2

Explain how the frequency of wave 1 compares with the frequency of wave 2.
3

VEIN, dex . The wailomsth o wae | s greatyy Than thed of wad

LN '“43 [EV'JW Tam pode B andjpode 15 entyy
So Phe freqwing o Wit l W srmuer fhmn thvt uj w.nn'l j-,a

™,

\/ / ResultsPlus

< Examiner Comments

This was an all too common response where very basic comparisons
between the wavelength or frequency of the waves were made.
However, the question asks for an explanation and as such these
simple comparisons will never be worthy of credit.
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(b) Each pipe is open at the top and closed at the bottom. When air is blown across the
open end, a stationary wave is formed in the pipe.

The student was able to produce two sounds from the same pipe. The diagram
shows the nodes N and antinodes A in the stationary waves that caused each sound.

A A

pipe

M

N N
Wave | Wave 2

Explain how the frequency of wave 1 compares with the frequency of wave 2.
Sut Ahe Lmgrnod the Jipe Ty L v=4N (3)
Lo Wavdenght of wewo Vo4 c T s

%flﬂmvnﬂ-%wwaaw‘ﬁ'
&

%ﬂ&ma%ww-“”‘ﬁ-%{fﬁﬁ

'Y/iResuits?lus
Examiner Comments

This was a well presented response that scored the first and third
marking points. The wavelength for each wave was correctly calculated
and a rearrangement led to the correct comparison of the frequency of
the two waves. What was missing here was an explanation that this
relationship could be worked out from the wave equation as the speed
of sound was the same for each wave.
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(b) Each pipe is open at the top and closed at the bottom, When air is blown across the
open end, a stationary wave is formed in the pipe.

The student was able to produce two sounds from the same pipe. The diagram
shows the nodes N and antinodes A in the stationary waves that caused each sound.

A A
N
pipe— |
' A
N N
Wave 1 Wave 2

Explain how the frequency of wave 1 compares with the frequency of wave 2.

Examiner Comments

This was a concise and well worded three mark response from a
candidate who had clearly taken the time to analyse each of the two
diagrams and arrive at the correct response.
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Question 15 (¢)

In this question a graph of wavelength against 1/frequency was provided which contained 5
plotted points. Candidates were asked to determine a value for the velocity of the wave and
it should have been straightforward to deduce that the gradient of such a graph would
provide the answer. The first mark here required a line of best fit to be drawn and a gradient
taken. The second mark was for a value of velocity within the acceptable range.

(¢) The student determined the frequency and wavelength of sound waves produced in
different pipes and plotted the h shown.
gep (g.o(}l‘;,o"‘f”

L[| —
[iytpanns soeatoaetasanaydy (&%WJ
0.45FHH ==, ROESEES
SEEsEed:funyt iadhg
0.40 O O REA AN
Wavelengthfm ' T H : .
B GEEEEEE NEEENRNEAS AEREN SN
T :
:ﬁs mss}m* e e
- -=
0.25 1 ,‘
00010 - 0.0012 0.0014 0.0016
1 =
—/H
frequency “

Determine a value for the speed of sound.
\W *?.‘ = 90019 - 840 \05 S TC ST S
S o e
A

D
Speed of sound = . —5%\\3-;“;

..--‘-:.\ .
\/ { ResultsPlus
/--._ Examiner Comments

In this response there was no attempt to draw a line of best fit but
there was an attempt at a gradient calculation, albeit that this

candidate had calculated dx/dy and so scored 0 marks.
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(¢) The student determined the frequency and wavelength of sound waves produced in
different pipes and plotted the graph shown.

0.5“ LTI L T E Anf wEl

B  FEN| ;
[T . EES SSEEE 3 AEN
ENEENNENEN ANEN H E NN
0.45 1+ l _ 3 0us)
o0 dEEiiE e 4
Wavelength / m E3E SRR A e
0.35 4= =i SmaRRRESEE
T4 I B
| I A\l 4] _J_‘ NER 1]
030-FH
T | ¥
BN RED A S ESEMEEMEEE
6.25 ——r 1 1 NN ENENE

0.0010  0.0012  0.0014  0.0016
1

——/Hz
frequency
Determine a value for the speed of sound.
(2)
.......... NZXA e T =0 = 0 NS 036
X2-% Q. 00\ —p po\)

e = AT TEL T3]
i AT i N SONR, =3Dws

Z ResultsPlus

Examiner Comments
A good two mark response where a very accurate line of best fit was
drawn and a gradient calculation completed leading to a velocity value
within the acceptable range.

2\
Y
l: !

S\
~_ Eﬁ?ﬁﬁﬁ.ﬁm

When a graph is provided that has plotted points with no line drawn it
is usually an expectation that a line would be drawn by the candidate.

43 |AL Physics WPH12 01



Question 15 (d)

In this part, candidates have been provided with a diagram similar to wave one in part (b) but
this time the length of the tube has been provided along with the speed of sound in air. The
frequency needed to be calculated using the wave equation. Candidates who were successful
in part (b) would most likely have scored three marks here as they would have recognised
that the wavelength of this wave was 4 times the length given or 1.13m. This could then have

been used in the wave equation to calculate the speed to be 333 ms™!. Unfortunately the
majority of candidates could not work out the correct wavelength and were limited to a
maximum of one mark for the use of the wave equation.

(d) On another day the speed of sound was 340ms™'. The student produced a stationary
wave using the longest pipe. The pipe has a length of 28.2 ¢cm, as shown.

/

W 28.2cm

Determine the frequency of this wave.

N

A

_—stationary wave

(3)

N WO w
V2 1%.1 um = 2’_3_.% wr=. 0.200 w
Voo
£ 0,
A %
(F?esul‘ts?lus

\’(/'-—-‘: Examiner Comments

This candidate correctly converted the length to metres but was
unclear as to how to proceed and was unable to use the diagram to
establish a value for wavelength. Had they just used 0.282m in the
wave equation they would have scored the first marking point.
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(d) On another day the speed of sound was 340ms™". The student produced a stationary
wave using the longest pipe. The pipe has a length of 28.2cm, as shown.

Al A
28.2cm .
__-stationary wave
A 4
N
Determine the frequency of this wave.
(3)
v £ X £=2602.8H2 ...
........................................................... £z = . | F-e03M,
F = A
.................................................................................... e
oA
Frequency = QOB ...... H B

(Total for Question 15 = 11 marks)

- .'\ —
iﬁ ResultsPlus
Examiner Comments

This was a very common answer where the wavelength was calculated
to be 2 times the length of the tube but as the wave equation was used
correctly the first marking point was awarded.
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(d) On another day the speed of sound was 340ms™, The student produced a stationary
wave using the longest pipe. The pipe has a length of 28.2 ¢m, as shown.

N A

28.2cm .
| e stationary wave

Determine the frequency of this wave.
(3)

..................................... Hcﬁordrh‘?'{w‘ﬁf‘tdmgi’am

<
(s
~

—
G
N,

23,
i
N

Q)

o

Frequency = JDJHZ.

AN

iﬁ ResultsPlus
Examiner Comments

This was a perfect three mark response where the correct wavelength
was calculated and used correctly in the wave equation to arrive at the
correct value with the required unit.

- V ResultsPlus
KD

| Examiner Tip
Where no unit is provided in the answer line then make sure to add
one.
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Question 16 (a)

This question presented a potential divider circuit in the context of a security lamp that was
controlled by a light dependent resistor (LDR). Candidates were required to explain what
effect decreasing the light intensity of the LDR would have on the potential difference across
a fixed resistor. Candidates should have been aware that this would have increased the
resistance of the LDR and that it would have taken a larger share of the potential difference.
As a consequence the potential difference across the fixed resistor would have decreased.
This was generally a well attempted question with the majority of responses indicating a
sound understanding of the behaviour of LDR's and potential divider circuit.

16. A security lamp automatically switches on when the intensity of light incident on an
LDR decreases.

Part of the electrical circuit in the security lamp is shown. The cell has negligible
internal resistance.

%

1 1R

(a) The light intensity incident on the LDR decreases.

Explain what happens to the potential difference across the fixed resistor.

N
\( / ResultsPlus
/'--.‘. Examiner Comments

This response scored the first marking point but there was no
reference to the fixed resistor and therefore the second marking point
was not awarded. It is worth noting here that the second mark was
dependent on the first mark being awarded.
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16) A security lamp automatically switches on when the intensity of light incident on an
LDR decreases.

Part of the electrical circuit in the security lamp is shown. The cell has negligible
internal resistance.

(a) The light intensity incident on the LDR decreases.

Explain what happens to the potential difference across the fixed resistor.
(2)

Ae e {xﬂlni’lmTLc-ﬁn)q.Acum;, ..... Jhe s esisTane om LR Tncross....
.......... S0..the 35lis Uhonges 2ud Yo potadial.. oliffeme. acws. dhe .

ﬁm ..... 5 .LS?.51!.25?....?515?3&,.&.@7!35;«1 ........ b e Hag.. Yotal  imedt dﬂ&lmr,.s.,..m.\ .............
e Yhtmce s kived. e Poledtisl diffen aCms. e Yesiste buy b dltresse

M\

ﬂ ResultsPlus
Examiner Comments

A good two mark response where the candidate clearly understands
how the ratio of potential differences in the circuit is affected by the
resistance of the components.
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Question 16 (b)

Here candidates were provided with information about the current in the circuit as well as
the ratio of resistances between the LDR and the fixed resistor. We are also told that the
security lamp will switch on when the potential difference across the fixed resistor is 0.62V.
Candidates were required to calculate the resistance of the LDR when the security lamp
switches on. This question was very well answered with the majority of candidates scoring
full marks.

(b) The security lamp switches on when the potential difference across the fixed resistor
is 0.62V. W

When the lamp switches on, the ratio of the resistance of the LDR to the resistance
of the fixed resistor is 3:2 = 3

s ™
The current in the circuit is 28 mA. I.

Calculate the resistance of the LDR when the security lamp switches on.

- 8-of1 e 3 e e il
B o 8 R 20x7
- 37, Resistance = .33 8 ... ...

/Zuh 36

(Total for Question 16 = 5 marks)

N { ResultsPlus
/--.. Examiner Comments

This candidate used a ratio of resistances and calculated the correct
value for the resistance. However, as was all too common in this paper,
the candidate failed to provide the relevant unit for resistance, Q.
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(b) The security lamp switches on when the potential difference across the fixed resistor

is 0.62V.
When the lamp switches on, the ratio of the resistance of the LDR to the resistance
of the fixed resistor is 3:2
The current in the circuit is 28 mA.
Calculate the resistance of the LDR when the security lamp switches on. “
)
...................... =R 04 ST = AL T LT W

|

ﬂ ResultsPlus
Examiner Comments

This candidate correctly calculated the resistance of the fixed resistor
for the first marking point, however, no ratio was applied and so no
further marks could be awarded.
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(b) The security lamp switches on when the potential difference across the fixed resistor
is 0.62V.

When the lamp switches on, the ratio of the resistance of the LDR to the resistance
of the fixed resistor is 3:2

The current in the circuit is 28 mA.
Calculate the resistance of the LDR when the security lamp switches on.

3)
..... LDR L. Fxed...... 7 R= 2162 e LT %ol
35K 2 22 X\O- 3 3 e s
D A —— e ——
L=3F > 1= 3 )
ix f ....................................................................................................

_ ResultsPlus

Examiner Comments

A common perfect three mark response where all steps of the
calculation were clearly demonstrated.
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Question 17 (a)

This was a straightforward question where the energy of a photon was provided and
candidates were asked to calculate the frequency. Use of E = hf leading to f = E/h and correct
substitution led to the correct value, which the vast majority of candidates achieved.

1
| 17} In the second half of the 19th century, scientists began to investigate interactions
between photons and electrons.

(a) A discharge tube is a glass tube containing gas, as shown.

electrode glass tube

When the discharge tube is connected into an electrical circuit, the gas atoms emit
photons. The photons have specific frequencies.
(i) One of the emitted photons has an energy of 3.44 x 107},

Calculate the frequency of this photon.

-2y =
=663 XIO7 £ = =

ﬂ ResultsPlus
Examiner Comments

This candidate calculated a value but because there were no
substitutions into the formula it was unclear how the answer was
arrived at. No marks could be awarded.

(M4 ResultsPlus

\_} Examiner Tip

In a question that requires the use of a formula make sure to
substitute values into your equation.
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17} In the second half of the 19th century, scientists began to investigate interactions
between photons and electrons.

(a) A discharge tube is a glass tube containing gas, as shown.

electrode glass tube

When the discharge tube is connected into an electrical circuit, the gas atoms emit
photons. The photons have specific frequencies.

(i) One of the emitted photons has an energy of 3.44 x 107" J.
Calculate the frequency of this photon.

-9 u o
BIUURG = S3\ %S yi0

Trrarenrarnnminns s gume e Rl ce e re e i b R mbedBlrr e ke bR A e P A=A B R R S a ) g R hd B L N L LA AR H ARG AR A ARG R R A R R A R R RN T R R R R R R R R R

11
Frequency of photon = .. 5) \ ¥ ™. X 10

2 ResultsPlus

Examiner Comments
Another example where the formula was used to calculate a correct

value but the units were missing. Only the first marking point was
awarded.
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17; In the second half of the 19th century, scientists began to investigate interactions
between photons and electrons.

(a) A discharge tube is a glass tube contniningﬂ_as shown.

electrode glass tube

When the discharge tube is connected into an electrical circuit, the gas atoms emit
photons. The photons have specific frequencies.
e

(i) One of the emitted photons has an energy of 3.44 x 107" J.

.. (2)
CE=hd Y5 _ B9t
................ F-&2 b
Frequency of photon = ... B'Iqu”HE

This was a very common textbook response.

IAL Physics WPH12 01 54



Question 17 (a)(ii)

This was the indicative content question and, as in previous series, it often presents a variety
of challenges to candidates. It was very pleasing to note, however, that candidates are
beginning to attempt these questions with more effort and organisation is being put into
responses. As always, there are six marking points here. Candidates are told that a large
potential difference is applied across a discharge tube and that the tube emits photons. An
explanation of how these photons were emitted was required. The first indicative content
point was for recognising that the potential difference caused a current in the gas and this
response was not commonly seen. The consequence of the current was to transfer energy to
the gas atoms in the tube and this was seen slightly more often. The third and fourth
indicative content marks were for explaining that the electrons would move up energy levels
and emit photons when they fell back down. These two marking points were the most
commonly awarded. The fifth indicative content mark was for linking photon energy to
frequency and the final mark for recognising that there are discrete energy levels so only
certain energy level differences are possible. The fifth mark was awarded more often than
the sixth.
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[

*(ii) The electrical circuit applies a large potential difference (p.d.) across the
discharge tube. |

Explain how the p.d. across the discharge tube causes photons to be emitfed by

the gas atoms.

Pd acery e tube o C_on‘fﬂl e Dhbfoded‘t’c cel| ex

............................. ;Wr‘l-d ;

(6)

N

ﬂ ResultsPlus
Examiner Comments

This response scores the fifth indicative content mark only. It was quite
common to see this kind of response where candidates are simply
trying to describe the photoelectric effect, which was not relevant here.

-
A )
/"' ™

K ResultsPlus
\_/

| Examiner Tip

sure that you are answering the question that is being asked.

It is always important to read the context of the question and make
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*(ii) The electrical circuit applies a large potential difference (p.d.) across the
discharge tube.

Explain how the p.d. across the discharge tube causes photons to be emitted by
the gas atoms.

(6)

Z ResultsPlus

Examiner Comments

This was a well planned response that scored full marks. The candidate
had clearly taken the time to consider the context and ordered the
responses in the most logical way. The voltages leading to current then

to energy transfer to the gas atoms. The electrons in the gas rising to a
higher energy level and emitting a phon on return. The final two

sentences linked the discreet nature of the energy transfer to a limited
number of possible wavelengths.
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Question 17 (b)(i)-(ii)

This was a two part question beginning with a calculation involving the photoelectric effect.
Candidates were provided with the energy of the photons in electron volts along with the
work function of the metal. They were then asked to show that the maximum velocity of
emitted electrons was a certain value. This straightforward calculation was very well
attempted with the vast majority of candidates scoring all three marks. The first mark
required a conversion from electron volts to joules and this value had to be substituted into
the Einstein equation for the second marking point. A correct rearrangement led to the third
marking point.

In the second calculation the velocity value had to be used to calculate the de Broglie
wavelength and this was a simple case of dividing the Planck constant by mass times velocity
of the electron and this was again very well attempted.
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(b) Photons with energy 4.75eV are incident on a metal surface. These photons cause
electrons to be emitted from the metal surface.

(i) Show that the maximum speed of the emitted electrons is about 5.3 x 10°ms™.
work function of metal = 6.30 x 107

3
................................................ &?-mu—ﬂ?-@*l‘M
............................................ ,E.m\rq‘f.
5 —
................................................ 29I AN 2 RO B IR
\ - X\S
...................................................... 8 e S S TP e P S IR T o 5 RS T ST
N IR VSV IR LT S
A T R TS R T S ST A S4B SRR O ‘{*45K«[0ﬂ6) ........................................ |
___________________ \1ff‘53x\°$m$') !
(ii) Calculate the de Broglie wavelength of electrons moving at 5.3 x 10°'ms™. |
(2)
............................................................................................. ﬂﬂ'_‘m—‘%
h pxro 9
................................... 1 Qe
7z w223
AT S A S A T i q_“x\n ............. x 5._3.&)‘;;3 ...........
............................................................................ h-zl‘?)'};:,w I
de Broglie wavelength = ..} DF s I

a\__

ig ResultsPlus
Examiner Comments

This is a good example of the importance of using the correct number
of significant figures in a 'show that' question. This candidate did
everything correctly but used the value 5.3 which was the same as that
given in the question. The second part scored full marks.
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(b) Photons with energy 4.75eV are incident on a metal surface. These photons cause
electrons to be emitted from the metal surface.

(i) Show that the maximum speed of the emitted electrons is about 5.3 x 10°ms™.
work function of metal = 6.30 x 107°J

(ii) Calculate the de Broglie wavelength of electrons moving at 5.3 x 10°ms™".
6rf3y IIF’H (2}

TN .- SO | | S ESE S O - S S
de Broglie wavelength = 137 X108  m

ResultsPlus

Examiner Comments

This was a good example of a perfect response and happily this was
often seen in this paper.

IAL Physics WPH12 01 60



(b) Photons with energy 4.75eV are incident on a metal surface. These photons cause
electrons to be emitted from the metal surface.

(i) Show that the maximum speed of the emitted electrons is about 5.3 x 10°ms™",

work function of metal = 6.30 x 107"J
3)
E= uasxi0™Me = Fexio™T

am = (F.60077) - (634107 = L300t

Nz L @x laes = S 3N me
a.xio-*

(ii) Calculate the de Broglie wavelength of electrons moving at 5.3 x 10°ms™".

“ (z}
i G.o210"" B
T b e DR g.mu!ﬁs-xq.l.k“ﬂ“liﬁ— —

de Broglie wavelength = |+ 3#X1077

yfﬁ ResultsPlus
Examiner Comments

This was a very common response to the first part where the
conversion of electron volts to joules was completed first and correctly
substituted into the equation. The correct value was calculated. As this
was a 'show that' question the answer needed to be at least one more
significant figure than the value given and there was no unit penalty.
Unfortunately this candidate performed a correct calculation for the

second part but failed to provide a unit, scoring only the first marking
point.
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Question 18 (a)

This first part of question 18 provided a diagram of a ray of light entering a camera lens and
clearly being diffracted. The refracted ray was incident on surface Y at an angle of 53°.
Candidates were asked to explain why the ray refracted upon entering the lens. It should
have been evident that the ray of light was moving from a less dense to a more dense region
and would therefore be travelling at a lower speed in the glass. Most candidates answered
this question well but some responses were lacking in detail and scored no marks.

18] A camera includes a five-sided glass prism.

The diagram shows a ray of light incident on the prism at surface X. The ray of light is
then transmitted to surface Y.

Not to scale

surface X

I

air

surface Y

(a) Explain why the ray of light refracts at surface X, as shown.

s s Auz, fo. e »<F(w Qﬁ-fhﬁ’ 5’P€ﬁé O#*rhﬂ

\

LANRR A the.. Ugh& NATAS c:h@ge wcmmmc

medum 10 anadne/ -

IAL Physics WPH12 01 62



N / ResultsPlus
/'--.‘: Examiner Comments

This candidate clearly has some awareness that the speed of light
would not be the same in different media but just made a simple
statement that the speed would change rather than reduce and
therefore scored zero.

A . ResultsPlus
<

Examiner Tip
When describing a difference use comparative statement such as
greater or smaller rather than a simple statement such as changes.
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18} A camera includes a five-sided glass prism.

The diagram shows a ray of light incident on the prism at surface X. The ray of light is
then transmitted to surface Y.

Not to scale
surface X \ .
air
surface Y
(a) Explain why the ray of light refracts at surface X, as shown.

(2)
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...... dequvnnpmu,MSP{aaPan g - 5.

: (deccenses) .

—— OF ........ JFQ\MI' ............. Chnnﬁ&id\;‘ﬁ.hm .......... Coham._ae ........ il dm.s:‘i} .....
....... Q-FMQde(:ﬂuMJMd;mchnnOch%o{-‘

I:SM o Chan n ok bend fowo o rds
MQLUUH x ; “

- .'\ -~
iﬁ ResultsPlus
Examiner Comments

This candidate had the right idea but lacked the necessary
comparators. The first marking point was awarded as the word
decrease was added to the first sentence. However, rather than stating
the density increased this response simply referred to density
changing and so failed to score the second marking point.
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Question 18 (b)

In this question candidates were told that if the ray of light entering the lens did not totally
internally reflect then it could be made to do so by adding a layer of silver to surface Y. It was
necessary to deduce whether or not the layer of silver needed to be added. There were two
ways of approaching this but in either case it was necessary to carry out a calculation to
establish whether or not total internal reflection would occur. The most straightforward
method was to use the equation sin C = 1/n and compare the critical angle with the angle of
incidence. As the angle of incidence was less than the critical angle then total internal
reflection would not take place and therefore a layer of silver was needed. The second
method was to use the Snell's law equation and calculate the angle of refraction which would
have shown that the ray did indeed refract and therefore total internal reflection would not
take place and so a layer of silver was needed. This question was poorly attempted by many
candidates by virtue of the fact that many thought that the angle of incidence was 53
degrees.

18] A camera includes a five-sided glass prism.

The diagram shows a ray of light incident on the prism at surface X. The ray of light is
then transmitted to surface Y.

Not to scale

surface X \

air

surface Y
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(b) At surface Y the ray of light must be reflected.
This reflection could be due to total internal reflection.

If the ray of light is not totally internally reflected, the light can be made to reflect
by applying a layer of silver to surface Y.

Deduce whether a layer of silver is needed on surface Y.
refractive index of glass used to make prism = 1.52
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...............................................................................................................................................................................................................................

This was a common response where the candidate was awarded the
first two marking points for the correct calculation of that critical angle,
however, 53 degrees was incorrectly stated as the critical angle and no
further marks were awarded.
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18} A camera includes a five-sided glass prism.

The diagram shows a ray of light incident on the prism at surface X. The ray of light is
then transmitted to surface Y.

Not to scale

(b) At surface Y the ray of light must be reflected.
This reflection could be due to total internal reflection.

If the ray of light is not totally internally reflected, the light can be made to reflect
by applying a layer of silver to surface Y.

Deduce whether a layer of silver is needed on surface Y.
refractive index of glass used to make prism = 1.52
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This candidate started with the use of Snell’s law but failed to calculate
an angle. This was deemed worthy of only the first marking point but

would have scored the second had the calculated number been
converted to an angle. The conclusion here was incorrect.
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18 A camera includes a five-sided glass prism.

The diagram shows a ray of light incident on the prism at surface X. The ray of light is

then transmitted to surface Y.

surface X

Ty

air

(b) At surface Y the ray of light must be reflected.
This reflection could be due to total internal reflection.

Not to scale

surface Y

If the ray of light is not totally internally reflected, the light can be made to reflect

by applying a layer of silver to surface Y.
Deduce whether a layer of silver is needed on surface Y.
refractive index of glass used to make prism = 1.52

....................................................................................................................................
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This was a common response and scored the first three marking
points. The candidate calculated the correct critical angle and stated
that the angle of incidence was less than the critical angle, however,
there was no statement that total internal reflection would not take
place and therefore the fourth marking point was withheld.
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18 A camera includes a five-sided glass prism.

The diagram shows a ray of light incident on the prism at surface X. The ray of light is
then transmitted to surface Y.

Not to scale

air

' surface Y

(b) At surface Y the ray of light must be reflected.
This reflection could be due to total internal reflection.

If the ray of light is not totally internally reflected, the light can be made to reflect
by applying a layer of silver to surface Y.

Deduce whether a layer of silver is needed on surface Y.
refractive index of glass used to make prism = 1.52
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Examiner Comments

This was a concise and fully correct response that was seen often.
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Question 18 (c)(i)

This question required candidates to explain why knowing the number of photons incident
on a sensor of known surface area was not sufficient to enable the calculation of intensity. It
was expected that candidates would recognise that to calculate the intensity it would have
been necessary to know the energy of each photon and link this to | = P/A. As frequency of
the incident light was not known then the energy of the photon could not be determined.
Very few candidates were awarded a mark here.

(c) The camera contains a light sensor. The camera can detect the number of photons
incident each second on the sensor.

(i) The sensor has a known surface area.

Explain why knowing the number of photons arriving each second at the sensor
can not be used to determine the intensity of light incident on the sensor.

| AN %]r_%

N { ResultsPlus
/'--.. Examiner Comments

With a little more detail this candidate could have scored marks but
they scored zero. There is no mention of photon energy not being
known and although the formula for intensity was correctly written the
terms were not defined.
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(c) The camera contains a light sensor. The camera can detect the number of photons
incident each second on the sensor.

(i) The sensor has a known surface area.

Explain why knowing the number of photons arriving each second at the sensor
can not be used to determine the intensity of light incident on the sensor:

This response was awarded the first marking point for simply defining
the terms of the intensity equation.
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(c) The camera contains a light sensor. The camera can detect the number of photons
incident each second on the sensor.

(i) The sensor has a known surface area.

Explain why knowing the number of photons arriving each second at the sensor
can not be used to determine the intensity of light incident on the sensor.

R

iﬁ ResultsPlus
Examiner Comments

A very rarely seen two mark response where the candidate clearly
made the link between energy and power and how the inability to
calculate energy meant that the intensity equation could not be used
as power could not be calculated.
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Question 18 (c)(ii)

This was quite a challenging question in which candidates had to calculate the percentage of
photons that were detected on a sensor. The wavelength of the incident light was provided
and this could be used to read a value for current from the graph provided, as well as
calculating the energy of a photon of this light. The current value should have been used to
calculate the number of electrons passing a point per second. The power of the light was also
provided and this should have been used to calculate the number of photons incident on the
sensor. The ratio of number of electrons to number of photons would have given the
percentage of photons detected. Most candidate could read a value for current from the
graph although no mark was awarded for this. The majority of candidates could calculate the
photon energy for the first two marking points but this was as far as most candidates could
progress. Interestingly, there were many unexpected ways that candidates attempted to
answer this question involving circuit power equations. Technically speaking, this was an
incorrect way of doing this but full credit was given to responses that produced a percentage
within the accepted range.
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(ii) Light incident on the sensor causes a current in a circuit in the camera.
Light with a power of 1.0 W is incident on the sensor. The graph shows the

relationship between the wavelength of the light and the current produced.
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The current is proportional to the number of photons detected per secqnd.

Monochromatic light with a wavelength of 600 nm is incident on the sensor.
The power of the light is 1.0 W.

Determine the percentage of photons that are detected by the sensor.
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Examiner Comments

This candidate scored the first two marking points for the calculation

of photon energy by combining the equations v =fA and E = hf. It

appears that there was a transcription error but had the candidate put

the TW by the energy value then the third marking point would have
been awarded.
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(i) Li o th r gauses a current in a circuit in the camera.
Lightwith  power g TOW R ineiden on the snsor The graph shows the
relationship betweel T2 YAE] st and the current produced..
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This response scored the first two marking points on the third line and
the third marking point on the fourth line. After that there was a great
deal of confusion and the concept of momentum was incorrectly
introduced. Interestingly, although the correct value for current was
read from the graph it was not used.
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(if) Light incident on the sensor causes a current in a circuit in the camera,
Light with a power of 1.0 W is incident on the sensor. The graph shows the
relationship between the wavelength of the light and the current produced.
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The current is proportional to the number of photons detected per second.

Monochromatic light with a wavelength of 600 nm is incident on the sensor.
The power of the light is 1.0W.

Determine the percentage of photons that are detected by the sensor.
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A very well organised and logical full mark response. The current was
correctly read from the graph and then the photon energy calculated.
The power was divided by the photon energy to give the correct
number of photons produced. Q = It with the current from the graph
gave the correct number of electrons released and this was used to
calculate the correct percentage.
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Paper Summary

Based on their performance on this paper, candidates should:

Always remember to include relevant units in calculation questions.

Make sure that in 'show that' questions, one more significant figure is added.

When making comparisons as in question 18(a), use language such as larger or smaller
rather than different.

Always show the numbers you are substituting into calculations as these could gain credit
where a wrong answer is provided.

When answering indicative content questions try to form a logical structure to your
answers before writing anything down.

When using equations to help explain concepts always define the terms of the equation.
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Grade boundaries

Grade boundaries for this, and all other papers, can be found on the website on this link:

https://qualifications.pearson.com/en/support/support-topics/results-certification/grade-
boundaries.html
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