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Introduction

The mean mark on this paper was almost identical to that achieved in the WPHO2 paper of Summer
2017. However, the multiple choice questions were not answered as well overall, Question 7 and 10
both being correctly chosen by less than half of the students taking the exam. In spite of this, all of
the questions allowed access to students across the ability range.

On Question 7 of the multiple choice, it was generally answer B that was chosen instead of the
correct answer A. This shows that most students were aware that the drift velocity would be less in
a wider wire/bar, but might also demonstrate that students are not as well prepared for situations
with squared cross sections.

On Question 10, most of the incorrect answers were either B or C, suggesting that students were
confusing this situation with filament lamps where such factors would be more significant.
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Question 11 (a)

This is a standard calculation question, the style of which has appeared on many previous papers.
However, there are a number of common errors that are made by students answering such
questions, which were once again seen during the course of this examination series.

One of the most common mistakes was a failure to realise that the diameter, rather than radius,
had been given in the question. A number of the students who scored 1 mark on this question had
calculated md? rather than mir? to establish a cross sectional area. Those students who did this could
score MP2 as the value they were inserting into the resistivity equation was something that was
measured in m?. This made it a dimensionally-correct term in the equation.

Another mistake which was made was confusing resistance with resistivity. However, this was not
seen as often as in previous series.

The majority of students scored 3 marks on this question.
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11 A student carried out an investigation using conducting putty. Conducting putty is a
material that is a good conductor and can be made into different shapes.

The student formed the conducting putty into cylinders of different sizes. Coins were
pushed into the conducting putty at either end so that crocodile clips could be attached to
connect the conducting putty into a circuit.

crocodile
clips

conducting putty

coin coin

(a) The student made a cylinder of conducting putty of length 0.075m and diameter 9.0 mm.

Calculate the resistance of the cylinder of conducting putty.

(3)
resistivity of conducting putty = 4.2 x 1072 Qm

Rk

Resistance = ... (2450 . ..

N

ol Resultslus

Examiner Comments

This student has not halved the diameter to use in
mir2, so does not achieve MP1. The substitution into
the resistivity equation uses a dimensionally-
correct cross sectional area, so scores MP2. The
answer is incorrect due to the use of diameter
instead of radius, so MP3 is not achieved.
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11 A student carried out an investigation using conducting putty. Conducting putty is a
material that is a good conductor and can be made into different shapes.

The student formed the conducting putty into cylinders of different sizes. Coins were
pushed into the conducting putty at either end so that crocodile clips could be attached to
connect the conducting putty into a circuit.

crocodile
clips

conducting putty

coin coin

(a) The student made a cylinder of conducting putty of length 0.075 m and diameter 9.0 mm.

Calculate the resistance of the cylinder of conducting putty.

(3)
resistivity of conducting putty = 4.2 x10? Qm

oL dexeZ.a )

P;_gk{_?.omﬁ?f: L= -

Resistance = ... 9"

N

ol Resultslus

Examiner Comments

This is a good 3 mark response. All the values used
in the equation are clearly substituted correctly,
and the answer is correct, with an appropriate unit.

The student had initially calculated an answer that
had a power of 10 error but then crossed this out
and wrote the correctly calculated value.

6 IAL Physics WPH02 01



W
//[
|

&4\ ResultsPius
\\_} Examiner Tip

If a student answers a question and then crosses
out the answer, credit can be awarded to crossed
out work if a new answer has not been written.
This means that it is important to cross out any
work neatly so that the original working/answer
can be seen. If the student has scribbled out the
work so that it is no longer easy to decipher what
is written, no credit can be gained from this work.

If a new answer is written after work has been
crossed out, examiners will only mark the work
that has not been crossed out.

I1 A student carried out an investigation using conducting putty. Conducting putty is a
material that is a good conductor and can be made into different shapes.

The student formed the conducting putty into cylinders of different sizes. Coins were
pushed into the conducting putty at either end so that crocodile clips could be attached to
connect the conducting putty into a circuit.

crocodile
clips

conducting putty

coin coin

(a) The student made a cylinder of conducting putty of length 0.075m and diameter 9.0 mm.

—— = ———

Calculate the resistance of the cylinder of conducting putty.

resistivity of conducting putty = 4.2 x 1072 Qm

A PL oL W2RTR 00?5
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This student has halved the diameter to determine
a value for radius, but has just inserted this directly
in as an area into the resistivity equation.

Clearly this does not achieve MP1 as they have
made no attempt at calculating cross sectional
area. They can also not gain MP2 as the
substitution for area is not dimensionally-correct
i.e. it would be measured in metres rather than
metres squared.




Question 11 (b)

Unfortunately many of the students taking this examination did not access the two last marking
points on this question via any of the alternatives. As a consequence, the majority of the cohort
scored either 0 or 1 marks out of the possible 3. The most common score was 1 mark, as most of
the students mentioned either a correct change of resistance or current for the situation given.

(b) Two cylinders of conducting putty are connected in parallel across a battery.
The cylinders have the same length but different cross-sectional areas.

Explain why the cylinder with the larger cross-sectional area will reach a higher
temperature than the other cylinder. o
. Nwe glinders ave in_paallel. The oitrge o twe cylinders et
. sam*—ff-ﬁfaybm:;—mdammmﬂma;éadaéa;
aSmn“rwswafEA’M‘lm"?féﬂf-&uﬂ“?fﬁ["ﬁ’ |
with the l0gec dosc-coctioval omen  Is higher

.
< {’ Resultslus

Examiner Comments

This is a good, clear response that scores all 3
marks via the first alternative on the mark scheme.
MP2 is achieved in lines 1-2, MP1 is in lines 2-3 and
MP3 is in lines 3-4.

As the students were being asked to compare just
two cylinders, the examiners accepted certain
answers that were not full comparisons e.g. large
area so small resistance (for MP1).
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(b) Two cylinders of conducting putty are connected in parallel across a battery.
The cylinders have the same length but different cross-sectional areas.

Explain why the cylinder with the larger cross-sectional area will reach a higher
temperature than the other cylinder.

1= nquA

3

0,9,00d v oloesn+ akmfba The cf\\jlfnale;r wﬁl\ (wﬁ]er s -
.seah.mml.. ovea will has [ncaer cucent. When Hhe curcent
15h@}\;%uewemwzcof}l&uanbew"'w«zennwku;ﬂno{

dec+f0nc,/£m+tn\9hém4m€r3&

A
< ’\/ ResultsPlus

Examiner Comments

This student has given an answer which is more in
line with alternative 3 on the mark scheme. They
clearly state near the beginning that the larger
cross sectional area leads to a larger current, so
score MP1.

There is a reference to more collisions, but two key
features are missing with the response. Firstly, the
collision needs to be between electrons and either
ions or atoms. In addition, there needs to be an
idea of the rate rather than just number. As such,
this student does not achieve MP2 and there is no
reference to MP3 so scores 1 mark in total.

<2

S\ ResultsPlus

Examiner Tip

When answering questions with the command
word "Explain”, try to consider whether the
explanation is enhanced by the use of an equation.

If an equation is used within the answer, clearly
state what each term in the equation is, and
whether each term increases, decreases or stays
the same in the situation being described.
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Question 12 (a)

This calculation included a number of steps, but will be one that is familiar to students who have
seen previous papers. As a result, more than half of the students achieved all 3 marks here. There
were fairly similar numbers of students scoring 0, 1 or 2 on this question.

12 Chemists use flame tests to identify the presence of metals in a substance.

The substance is heated in a flame and the resulting colour of the flame is an indication
of the metal present.

(a) Some of the energy levels for an atom of a particular metal are shown.

Energy/eV

0
-5.85
~7.65

-13.6

-30.6

An electron in the atom is excited to the -5.85eV energy level. The electron then
makes the transition to the —7.65eV energy level.

Calculate the wavelength of the radiation that would be emitted as a result of this
transition.
(3)

(=S8 )-(- 7.65)= 188 = 8 Lexio” = 2807 T
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This is a clearly laid out answer which scores all 3
marks. The student has worked out the difference
between the energy levels in eV and then
converted this into Joules. They have then used
both of the equations required for MP2 to
establish a correct answer with units.

\ ResultsPlus
, Examiner Tip

MP1 on this question was for an understanding of
the conversion between eV and J, so as long as the
value in eV chosen was something that could be
seen within the question, then MP1 could be
achieved.




12 Chemists use flame tests to identify the presence of metals in a substance.

The substance is heated in a flame and the resulting colour of the flame is an indication
of the metal present.

(a) Some of the energy levels for an atom of a particular metal are shown.

Energy/eV
5 -5.85
—7.65
-13.6
-30.6

An electron in the atom is excited to the —5.85eV energy level. The electron then
makes the transition to the —7.65¢V energy level.

Calculate the wavelength of the radiation that would be emitted as a result of this
transition.

3)
k= BlR3ere o
_____________________________________________________________________ £, ?’..

B 1 2 (VT Y i X LSl

e FE2NUABZNLNEOT g OS XSS

ResultsPlus

Examiner Comments

This student scores MP2 only. There is no evidence
that the eV energy level difference has been
converted from eV to J, so MP1 cannot be
achieved. Clearly, this leads to an incorrect answer
so MP3 cannot be achieved either.
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12 Chemists use flame tests to identify the presence of metals in a substance.

The substance is heated in a flame and the resulting colour of the flame is an indication

of the metal present.

(a) Some of the energy levels for an atom of a particular metal are shown.

Energy/eV

0
-5.85

~7.65

-13.6

-30.6

An electron in the atom is excited to the —5.85eV energy level. The electron then

makes the transition to the —7.65eV energy level.

Calculate the wavelength of the radiation that would be emitted as a result of this

transition.
@)
................. Elockrion vollE = 268 @
o EWS:‘:J: ...... 2. 65 x.CrboximO = V224X|0 &
............................... e s N
................................................... A lzzaxie!® —(C63R0 M) x&x

A
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V.22 A x 107K
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This student has not calculated an energy
difference between the two energy levels
described in the question. However, calculating
this difference is not an individual marking point in
its own right. As a result, this script can potentially
score both MP1 and MP2.

At the top of the answer they have clearly shown
that they are converting (-)7.65eV into Joules.
Clearly this is one of the energy levels shown on
the diagram so MP1 is awarded. This energy value
is then correctly inserted into a combined equation
covering MP2, so scores that mark as well.

As the student had chosen a single energy level
rather than a difference, they cannot achieve MP3,
so score 2 marks in total.

IAL Physics WPHO2 01
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Question 12 (b)

This question initially looks very similar to other questions from previous papers, where students
were asked to explain why atoms only emit radiation with specific frequencies. However, the
question on this paper was asking why different metals give rise to different frequencies of
radiation. As a result, a significant number of students answering by stating that atoms have
discrete energy levels were not going to pick up a mark for this, as they had not told us explicitly
that these energy levels were different for different metals. Many of the students scored 0 out of 2
on this question, with very few scoring both marks.

(b) Explain why substances containing different metals will produce different colours
of flames.

Diffrent mekals haseddifferent diorele grargy-
vels - %0 The diffrenca m %nﬂ'“éag lowel 1o differad

‘Cf%veﬂﬂg is different- Thore
Y"LQJ?’/!b wi| Pi’OcLUG.Q— diTteery Cblours Sf ‘ﬁamwa

N\
i

L {/ ResultsPlus
L/\-\ Examiner Comments

This student has clearly understood that different
metals have different energy levels. They have also
included the word "discrete" which is correct, but
would not have achieved MP1 had it not been for
the inclusion of the word "different".

They also have the idea of different differences in
energy levels so score MP2 as well.

Resdts?lus
\ Examiner Tip

Read questions carefully. When a question seems
to be very similar to one that has appeared on a
previous examination, check the wording to see if
something different is being asked.
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Question 13 (a)

This is a standard 2 mark definition question that has been on several examinations over the last
few years. However, it remains one where students often find it difficult to use the correct wording
to achieve both marking points.

With MP2 being dependent upon the awarding of MP1, a number of students fail to achieve a mark
as they do not mention oscillations or vibrations anywhere in their answer. In addition, the two
versions of the mark scheme are not possible to be mixed and matched i.e. if a student starts their
answer in terms of oscillations being only in one plane, they need to add "including the direction of
wave travel", "including the direction of energy transfer" or "including the direction of propagation"
in order to get the second marking point.

In spite of being a fairly standard definition question, the marks of 0, 1 and 2 were scored almost
equally across the students that took the paper.

13 Polarising filters are often used when taking photographs outdoors.

Light from the sky is partially plane-polarised. A polarising filter can be placed in front
of a camera lens to make the sky appear darker. The intensity of the light transmitted

through the polarising filter is reduced, compared to the intensity without the polarising
filter, as shown.

(a) Explain what is meant by plane-polarised light.
(2)

?Yaoemateed\\%h'ﬂ\E-wew‘\a‘s\me\uwmmfﬁcﬁm;aaua;acuﬁrﬁd

AN

B
<4 {ResuitsPlus

Examiner Comments

This student has a commonly-seen answer, where
they state that all of the vibrations are in one plane
(scoring MP1). However, the statement that this is
perpendicular to the direction of travel of the wave
does not score MP2, as this can only gain MP2 if
linked to vibrations being in one direction only.

IAL Physics WPHO02 01
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Question 13 (b)

For a 4 mark question, it was unfortunate that the vast majority of students scored either 0 or 2
marks. A very small number of students scored above 2 marks.

The main reason for students generally not scoring more than 2 marks very often was two-fold.
Firstly, many students focussed solely on the situation at the extremes of intensity such as 0° and
90°, rather than looking at what was taking place in between. Secondly, many did not consider why
the intensity never reached zero. As a result, the main marking points being achieved were MP1
and MP3.

*(b) The light from the sky is transmitted through the polarising filter into the camera.
As the polarising filter is rotated, the intensity of the light transmitted through the
polarising filter varies as shown.

h

N | /NN /
Intensity of /
light transmitted
0
0 90 180 270 360
Angle of rotation of

polarising filter/degrees

Explain why the intensity of the light transmitted through the polarising filter varies
as shown.

4)

.......... ko 40 and 230" e Wensiky of fighd brangmibed s

Hhen ohen ikis coaded oy 0, 189", 366° This is becaste o Mhep

..... ?\Wbﬂﬁapﬂpmdﬂwwb%n%&\jﬂ . s¥ey. and. haepoce absvbin
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s
S
|

This is a typical example of a 2 mark response,
where the student has only really addressed the
extremes of intensity and not considered what
happens between and why the intensity never
reaches zero.

The wording is quite clear for MP1 and MP3, but
there is nothing else of merit.

\ ResultsPlus
, Examiner Tip

When explaining a graph, students need to
consider all aspects of the graph, not just the
highest and lowest values.

IAL Physics WPHO2 01
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Question 13 (c)

A large number of students answering this question seemed to have forgotten by this point in the
question that the light from the sky discussed earlier in the question was partially plane polarised.
As a consequence, a lot of the answers given did not refer to polarisation at all. For those who did
mention polarisation, there was also sometimes confusion about the effect described in the
guestion, as a number wrote about the clouds producing light that was totally plane polarised,
rather than being less plane polarised than the light from the sky.

lane. of PA&(!SMW ot H-~€ pIiasisiv Fg 5 e
(c) Suggest why the clouds don’t appear to darken as much as the sky when viewed

through the polarising filter.
(1)

ds
,{,{ﬁv}me{-ma— . !;unpoi’anseaot S

N
b
<4 {ResuitsPlus

Examiner Comments

A straightforward way of answering this question,
by stating that the light from the clouds is
unpolarised.

(c) Suggest why the clouds don’t appear to darken as much as the sky when viewed

through the polarising filter.
(1)

ndensity of light. R . clouds dis ndt change. as. much a5 the sky, as ligh
’(Yanmﬂed_ thawgh clouds is partially. Qo_\ariazd_,_.Lghf(._.ﬁam..’.che..s@..xs_m_’t.pola.mea\_.

N
b
<4 {ResuitsPlus

Examiner Comments

This student has the answer the wrong way round,
saying that the light from the sky is not polarised
yet the light from the clouds is partially polarised.
This clearly scores 0 marks, but might demonstrate
that some students did not distinguish clearly
between the sky and clouds as being different
things.
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Question 14 (a)

A straightforward calculation question that students generally answered well. Those who scored 0
mainly did not realise that they should incorporate the speed of light in a vacuum/air into their

calculation.

14 The photograph shows an iceberg.

A beam of light from the Sun travels through the top layer of ice and is incident on an air
bubble. The diagram shows the path of two rays of light within the beam, ray A and ray B.

air bubble

The refractive index of ice is 1.31

(a) Calculate the speed of light in ice.

\Y

s A =

Not to scale

N

ol Resultslus

Examiner Comments

An ideal 2 mark answer with the correct answer
and units clearly seen.

2)

IAL Physics WPHO02 01
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14 The photograph shows an iceberg.

A beam of light from the Sun travels through the top layer of ice and is incident on an air
bubble. The diagram shows the path of two rays of light within the beam, ray A and ray B.

Not to scale

air bubble

The refractive index of ice is 1.31

(a) Calculate the speed of light in ice,
(2)

- e
#3.00% 0%

Speed of light inice = . 2-43 x10% me™!
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This is one of the commonest type of responses
that scored 1 mark. Although the student has got
their equation the wrong way up, they have
inserted appropriate numbers to get a speed.

\ ResultsPlus
, Examiner Tip

Although a full understanding of why speeds
cannot be greater than the speed of light is not
expected until A2, students should be wary if any
calculated speed is determined to have a value
greater than the speed of light in a vacuum.

IAL Physics WPHO2 01
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Question 14 (b)

Marking point 1 was for a description of what happens during the refraction at the chosen
boundary, whilst marking point 2 was for explaining why this happened. For each marking point
there were various alternatives possible which were all commonly seen.

Although options were available where the word refraction did not need to be mentioned, no credit
was given to students simply talking about the ray "bending" away from the normal.

(b) Explain why ray B follows the path shown as it enters the air bubble.
(2)

.A.@c:...czf..ﬁ?cfcﬂfﬂ.co Lot fay f—? S Salec.. than.. Coiical .%r@l’ﬁ. .30

%Ki@ht:srff‘racfeaf

AN
<L / Resultsilus
lV’N Examiner Comments

This student has clearly gained MP1 at the start
but has given no explanation about why the
refraction has taken place so does not score MP2.

IAL Physics WPHO02 01



(b) Explain why ray B follows the path shown as it enters the air bubble.
(2)

As...ra b Fales  Ahe. bubble.. f/xjrfﬁa?{/ﬂ/é"wa/
From ﬁf’ﬂéﬁﬁﬁ/é?Jf/f’Jl/m#’f’/Aﬂj{é‘ﬁﬂfﬁm ozl r’@/y
denge.. .m&%wm.._..z’_c:f.____._..cz.__.._Zm......aﬂ’fﬂ(a./éa__../é;u......_gz{%fe_..e??_eczftéx.é?.-_.ﬁn%.zlx._. -
1hwn ..mﬂra.(z(ﬁd....z/.ﬁwaa./_t...f&;;s.....ﬂamaf...m....{f./.,x....z’.ra..vff/ﬂf,ﬁ.ﬁm.../m....a/?/rf@.@....?{éﬁ?ﬁ...

medium 1o @ more godirelle dinge modium

A
< {/ Resultslus

Examiner Comments

This student has gained both of the marking points
initially by their discussion of the ray entering the
air bubble.

The discussion that follows is assumed to be about
what happens when the ray leaves the bubble
although this is not entirely clear.

It was felt that this student was describing the
whole process of entering and leaving the bubble,
so both marks were awarded.

P~ \ ResultsPlus

Examiner Tip

This student might have ended up having issues
with completing the examination paper, as they
wrote a lot more for a 2 mark answer than was
ideally required. If a question is simply asking for
what happens when the ray enters the bubble,
that is all that needs to be discussed.

IAL Physics WPHO02 01
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Question 14 (c)

The wording of this question clearly caused a level of confusion for some students, as a number of
scripts where all the work was evident to score the 2 marks failed to achieve them due to further,
unnecessary processing. By asking for a "minimum" angle, a number of students clearly felt that
when they had calculated an answer that they needed to give a value that was "a little more" than
this. For some this was simply to round up 49.8° to 50° (scoring both marks). For others, 49.8° was
calculated, and then the minimum value was quoted as 51°, resulting in MP2 not being awarded.

(c) Ray A is totally internally reflected at the surface of the air bubble.

Determine the minimum size of the angle 8.
(2)

< Y40°

490°

Minimum size of angle @ = .............Y ...

<4 {ResuitsPlus
VN Examiner Comments

This student has calculated the correct answer of
50° and would achieve both marks if they left their
answer as this. However, they have decided that
the minimum angle must be 90° minus their
calculated value, so their given answer is incorrect.
This scores MP1 only.
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(¢) Ray A is totally internally reflected at the surface of the air bubble.

Determine the minimum size of the angle 6.

(2)
................................................... = gt_“- ‘l='->$m:c..=r
S - mlc.}}‘\ _______________________ ummqv@c.
_____________________ Me 3 e i i1
.................................................................................................................. S W« W - S

Minimum size of angle 8 =

ResultsPlus

Examiner Comments

A good, 2 mark response. The answer and unit are
both clearly written. Both 49.8° and 50° are
perfectly acceptable answers.

IAL Physics WPH02 01 27



Question 15 (a)

This question proved to be very difficult for some students, with more than half of the cohort
scoring either a mark of 0 or 1 out of 5.

Explaining the shape of a V-l graph for a filament lamp is a higher order skill, and many students
failed to access MP5 as they wrote about the current decreasing at some point in their answer.
These students were allowed to gain MP1 as the discussion about current decreasing usually came
into student arguments as being something that happened "late" in the graph, after the resistance
of the lamp had increased.

As a question assessing quality of written communication, the answer needed to be in a logical
order, and a number of students did not make clear links from one point to the next.
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15 The graph shows how the current / through a filament lamp varies with the
potential difference ¥ applied across it.

I A

W
~

*(a) Explain the shape of the graph in terms of particle behaviour.
(5)

\\ e

foges _k;i&_m_cq_ mﬁ‘tm‘nj 6

o No e increaing, S ‘mt»n\:gldet,fm ............ Covert
-"'% o EX~Qervlinge \ S So
Ais s @y When Gactent e, o5 A tnere ate. Mote Aoy poot ColMSvas

. &:a:adﬁﬁ-\fﬂﬁ&\] decfeodes (oke of \NNAe G
__________________ Cuctent-clocreages & fositencs iNreeks oy BN _

' { ResultsPlus

Examiner Comments

This student scores MP1 in the first line of their
answer. They then score MP5 in lines 2 and 3, and
MP3 in line 4.

Unfortunately, they have not written down what
the more frequent collisions are between as they
only mention lattice ions (not electrons). This
means that they cannot score MP4. There is no
mention of temperature increase so no MP2.
Overall the response scores 3 marks.

IAL Physics WPHO02 01
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15 The graph shows how the current / through a filament lamp varies with the
potential difference V applied across it. e
ot
A

Aporetde

I

1

*(a) Explain the shape of the graph in terms of particle behaviour.
(5)

0s voh‘aag, incregses more, the. temprature increaded fupner OfF

Mg filamen lamp | causing vibradlon of the wadlice merad Tove

Vibradlon . Reyistonce ThOreges ormenk véduees - treng 7S more
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enargydissipded ox s stoge- I
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Line 1 of this response scores MP1, and line 3 has
MP2 for temperature increase.

Unfortunately, the mention of current reducing in
line 2 means that MP5 cannot be awarded, as the
current never drops for the graph as p.d.
increases.

Line 6 almost scores MP3 but there is no sign from
the answer that the lattice vibrations increase.
There is also no idea of the frequency of electron-
ion collisions increasing, so MP4 cannot be
awarded either.
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15 The graph shows how the current / through a filament lamp varies with the
potential difference V applied across it.

I A

*(a) Explain the shape of the graph in terms of particle behaviour.
(3)

LAs the potenial ditforence T incoeosed, cument increases os V=TxR
Cand Hic k proporBionad in Hee shark . Howewver, cucrent has.

o hm}in% obfect o inaente tn curents incveases l:empemh:m..-..

_,,_fu,dner M’fk %mhr Qm,h\th.lde dun. h:: ﬂf\;gae ku\eHr. eneny.: ..
The elechone. [owing Frevofure *\ﬂs! "o qmmf ’eslislon with

_____ lolHee akoms Annpending Flow of eleckvons . Thls. increaces
..._..ne.:]sha.me.....h:....f.'.'!o.u..o[:..e.Lec.m.n;_._._.n.nd__m.____._rezls.hnce...,.mc.mr:Mﬁ,

\_._._.q S
© { Resultsilus
y. Examiner Comments

Avery rare 5 mark response.

All of the marking points are seen in the order
shown on the mark scheme, with MP1 in line 1,
MP2 in line 3, MP3 in lines 4&5, MP4 in lines 6&7
and MP5 in line 9.
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Question 15 (b)

This calculation required students to read a value from a graph before using ideas of conservation
of energy to establish a value for internal resistance. More than half of the students managed to
score all 3 marks, with the majority of the rest scoring just 1 mark.

The most common mistake was to read off a value for current when the p.d. was 6.0V, rather than
the 4.2V given. This would lead to a current value outside of the expected range for MP1 and then
an incorrect answer, so no MP3.

(b) The current-potential difference graph for a particular filament lamp is shown below.

600
I/mA
500

400 ~

300 -

200

100

1.0 20 30 40 50 6.0 7.0 8.0
Viv

This filament lamp is connected across a battery of e.m.f. 6.0V as shown below.

6.0V
F--{——

X

©

The voltmeter reading is 4.2V.

Determine the internal resistance of the battery.

At YAV, cswedk - SOSxWPA
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< ResultsPlus
/""“‘" Examiner Comments

An ideal answer, very clearly laid out for 3 marks.
The equation for e.m.f. used is not a given
equation in the examination, but many students
have been taught this so it is accepted as an
alternative to the idea that the sum of the e.m.f.s is
equal to the sum of the p.d.s in any loop of a
circuit.

\. Examiner Tip

When reading values from a graph, it is a good
idea to show clearly what value has been read off,
as this student has done.




(b) The current-potential difference graph for a particular filament lamp is shown below.

I/mA t 14
500 -

400

300

200

100

4

0 1.0 20 30 40 50 60 7.0 80
Viv
This filament lamp is connected across a battery of e.m.f. 6.0V as shown below.

6.0V

— k- {—
=y

The voltmeter rcadmgw
Determine the internal resistance of the battery.

........................ 6 [Lb'mxlo"‘)ﬂz.:z
a2 Sooxe?) =84 e
....................... P - L X

.............................................................................................................................................................................................................................................
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.’.‘.

B
1
|
|

Another 3 mark response, but done in a quite
different way (the second alternative shown on the
mark scheme).

This student has calculated the total resistance of
the circuit, then subtracted the resistance of the
lamp to work out the internal resistance.




(b) The current-potential difference graph for a particular filament lamp is shown below.
600 e |

I'mA =

500

400 /

300

200

100

1.0 20 3.0 40 50 60 7.0 80
ViV

This filament lamp is connected across a battery of e.m.f. 6.0V as shown below.

6.0V
—F— e
g2V
The voltmeter reading is 4.2V.
Determine the internal resistance of the battery.
3

At 6V the cwurrent __-_=____5_L|-Oxl0'3)\

-------------------------------- B R R R R T T T R LR TR T R R T R T R R T T L T LT B B T T B T T T B T L RLC I LI L L EL I
......................................................................................................................................................................................................................................
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/ ResultsPlus
/""“‘" Examiner Comments

This student has clearly read off the current value
at 6.0V, rather than 4.2V, so cannot score MP1.
However, they have used this current correctly in
the equation for e.m.f. and have calculated an
internal resistance (scoring MP2). The answer is
obviously out of range for MP3 so this script scores
1 mark in total.




Question 16 (a)

There were many aspects to this question, including a calculation of wavelength for MP1. Both this
and the mention of destructive superposition for MP3 were the most commonly awarded marking
points.

MP2 and MP4 were not as commonly awarded, mainly due to the fact that quite often students did
not describe path difference correctly (MP2), and did not mention amplitude (MP4)
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16 The quality of the sound heard by listeners at a concert depends on the design of the
concert hall.

(a) Two loudspeakers, S, and S,, are connected to the same source. They are placed
a small distance apart in a concert hall. The loudness of the sound heard from the

speakers varies throughout the concert hall.

5L C3s,
1 P
o
#
I" 'f'
J’ "'
[
i
L]
A

Point A is 3.10m from S, and 4.00m from S,

S, and S, emit a sound of frequency 567 Hz.
Explain why the sound heard at A will be quiet. Your answer should include

a calculation,
)

speed of sound in air = 340ms™'

........ Wortltngth = ~ = 3o - 0.60m
¢ Se?
......... Wowfom & = 310 - SI13A
0.60
......... W ,,,.P...s,-.o.o'ﬁm')—
6637 -S.1?2= 1.sA = (+%)2
n-t "F-)q— pmﬁl A.Wcﬂnu, L Huerthee l] s« A.W«u of wvaws

}
e
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/"“‘ Examiner Comments

This is an ideal answer scoring all 4 marks.

There is a clear calculation of wavelength at the
start, scoring MP1.

The student then calculates each of the path
lengths in terms of wavelength, and clearly shows
that the difference is 1.5A. On the next line they
call this path difference so score MP2.

They then state that the waves are in antiphase
and cause destructive interference (either of these
would have scored MP3) and there is a minimum
amplitude (MP4).

\ ResuitsPlus
, Examiner Tip

A statement that the path difference is (n+1/2)A
would not be sufficient on its own for MP2 here as
students have been asked specifically what is
happening at point A. Thus, the value of n in the
equation has to be 1.
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16 The quality of the sound heard by listeners at a concert depends on the design of the
concert hall.

(a) Two loudspeakers, S, and S,, are connected to the same source. They are placed
a small distance apart in a concert hall. The loudness of the sound heard from the
speakers varies throughout the concert hall.

s,C3 s,

Point A is 3.10m from S, and 4.00m from S,.
S, and S, emit a sound of frequency 567 Hz.

Explain why the sound heard at A will be quiet. Your answer should include
a calculation.

@

speed of sound in air = 340ms™'

Aot sowmd i 2Mo= 06T e x A e

will  dearcane
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s
S
|

This candidate has calculated the wavelength so
scores MP1. Unfortunately, all of their subsequent
discussions refer to phase difference rather than
path difference so does not score MP2. They have
clearly said that there will be destructive
interference so score MP3, but the idea of the

amplitude decreasing is not good enough for MP4.

It needs to be a minimum amplitude.
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Question 16 (b)

When a question clearly discusses two different methods of reducing the formation of stationary
waves, it is important for students answering the question to describe which outcome matches with
which method. Some students discussed it too generally and did not refer to either soft fabrics or

tiles at varying angles.

(b) The formation of standing waves within the concert hall may also create points where
the sound heard is loud or quiet. Two methods used to prevent the formation of
standing waves are using soft fabrics on the walls or using tiles placed on the walls at

varying angles.
Suggest how each of these two methods reduces the formation of standing waves.

Plnurjja.br WS on... qhe. . walls  aalL.alow.. | O
an.. . .inadent. .. aanve... T be.. . absrbed .. bj Lire. J:a.bnr.l. ________________
and..f:reye‘nrﬁ:&mmrean.edmj ......... bak. ... TOWAIS. . . The.. soue. .

:ﬁu{-‘?c.rpaﬁrﬁwdhthb ...... A s T S T R - SO

leﬁ‘hm ............ oo The..... mua.twu—ﬁmﬁanaw ......... Will... ceplact:

5 (Total for Question 16 = 7 marks)

direction nence. it wil not be reglected. bacde towards the
Sousce. 2nd will ned Syperpose. wiith  4he  incdsnt wavl

ResultsPlus

Examiner Comments

This is a really good 3 mark response which makes
it clear which method leads to which result.
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Question 17 (a)

This type of calculation has appeared on a number of examinations in the past, and perhaps this is
one of the reasons why students scored highly on it this time.

The students who scored 0 were mainly those who did not realise that they should use the speed of
light (similar questions in the past have been about ultrasound, thus requiring the speed of sound
to be used). There were also some students who clearly used the wave equation rather than speed
= distance/time.

For the students who scored 1 mark, this was most likely due to forgetting to incorporate a factor of
2 into their answer, ending up with 78m.

The very small number of students who scored 2 marks out of 3 were almost all due to either a

failure to include a suitable unit on the answer, or for having a power of 10 error in their
calculation.
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17 The photograph shows a new design of car that can travel with minimal operation from
the driver compared to a conventional car.

The new car contains systems to detect other vehicles. One system uses a pulse-echo
technique with lager light and another system uses the Doppler effect with microwaves.

(a) One of these new cars travels behind a truck. Both vehicles are travelling at the
same speed.

Pulses of laser light are transmitted from the new car and the time taken for each
reflected pulse to return is measured.

The time between a pulse being transmitted and returning is measured to be 2.6 x 107s,

Calculate the distance between the new car and the truck.
(3)

i S PRRA S CAISHANCE

Distance = ...

N

ol Resultslus

Examiner Comments

This student clearly knows the majority of the
theory required in order to answer this question,
including the involvement of the factor of 2.
However, the speed of light is never shown in their
equation so their score is 0.
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17 The photograph shows a new design of car that can travel with minimal operation from
the driver compared to a conventional car.

The new car contains systems to detect other vehicles. One system uses a pulse-echo
technique with laser light and another system uses the Doppler effect with microwaves.

(a) One of these new cars travels behind a truck. Both vehicles are travelling at the
— ————
same speed.

Pulses of laser light are transmitted from the new car and the time taken for each
reflected pulse to return is measured.

The time between a pulse being transmitted and returning is measured to be 2.6 x 1077s.

Calculate the distance between the new car and the truck.
(3)

Speed (o

f’!}n'iﬂu&'btﬂ?éﬂ’dﬁll 8IS

9,

Distance = 3%“«

N

ol Resultslus

Examiner Comments

This is a model 3 mark answer with all of the
working clearly shown and an answer with units at
the end.
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17 The photograph shows a new design of car that can travel with minimal operation from
the driver compared to a conventional car.

1}
B =—

v ¥
o ]

<]

N I A

The new car contains systems to detect other vehicles. One system uses a pulse-echo
technique with laser light and another system uses the Doppler effect with microwaves.

(a) One of these new cars travels behind a truck. Both vehicles are travelling at the

same speed.

Pulses of laser light are transmitted from the new car and the time taken for each
reflected pulse to return is measured.

The time between a pulse being transmitted and returning is measured to be 2.6 x 107"s,

Calculate the distance between the new car and the truck.

IAL Physics WPH02 01

Examiner Comments

This student has used the wave equation. Some
students using this method actually managed to
achieve the correct answer of 39m, but all
responses like this end up scoring 0. This is
because the time given is not a time period, so
calculating f = 1/T is not an appropriate calculation
for this question.

o —

(3)

t

= TbX

2 b X1

e |~

Ve LA
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Question 17 (b) (i)

The majority of students scored 1 mark on this question, primarily as there was rarely an indication
that the motion between the car and the truck was active i.e. the distance between the car and
truck was decreasING rather than the distance between the car and truck had decreastD. The
Doppler effect is about relative motion not whether things are closer than they were or further
than they were.

Although such a distinction might seem difficult to decipher, it was clear that some students felt
that the frequency or wavelength had changed simply because the pulse was returning in a quicker
time as the two vehicles were now closer.

(b) The speed of the truck decreases.

(1) Explain how the new car uses the Doppler effect with microwaves to detect that
the speed of the truck has decreased.

3)
B tha brock ond  cor are g gty fhclews g cech oths,

Lt Hekt Ha wivdegth et Cflectedk polses S
L ek stameh by Ha 0o/ breemt | gmeW L ee B olio

Lipo A dereens | Han M4 whov  plwl ed v dlevetry gie

AN

Jf D==gg o
N4 / Resultsilus
VN Examiner Comments

This script scores just 1 mark. If their answer had
simply been what they wrote on the first 3 lines,
they would have scored all 3 marks, as they have a
correct change of wavelength for two vehicles
actively getting closer to each other.

Unfortunately, they then continue towards the end
by saying that the frequency stays the same.
Although there was only an expectation for
students to write about either frequency or
wavelength changing, if there is any indication that
one stayed the same then neither MP1 nor MP3
could be achieved.
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(b) The speed of the truck decreases.

(i) Explain how the new car uses the Doppler effect with microwaves to detect that
the speed of the truck has decreased.

\_._._.q S
© { Resultsilus
y. Examiner Comments

A good 3 mark answer. The reference to blue shift
is ignored as it does not contribute any detail
required for the marks.
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Question 17 (b) (ii)

For this question, there was a subtle difference between what was expected for MP1 and MP2.

MP1 was all about the speed of response of the system, whereas MP2 was all about the time of

response. MP3 was clearly a separate issue in terms of the result of the automated braking system.

Clearly, some students felt that the word "automated" implied a quick response, but this is not the
case and could not gain any credit as it was given in the question. Almost half of students scored 0
out of 3, largely due to answers being too vaguely centred on general road safety.

(ii) The new car automaticall}:r applies the brakes when it detects that the speed of the
truck has decreased.

Explain why the introduction of the new car may reduce road traffic accidents.

(3

~
f#m?’(&wufﬁﬂ!fwcqcfrwﬁéw

I A A herarth  [whih oulO ke G frusk oy d

in dow) Db deenti egare tcem fine | Meptper | e prikd

W/fﬁdﬂqw%fﬁfmr&{mam

.
< {/ Resultslus

Examiner Comments

This student scores both MP1 and MP2 in the last
two lines of their answer.

A\ i
EA\ ResultsPlus

~ Examiner Tip

"Human error" is not a phrase that will score
marks on physics exams, as students need to be
more specific about what that "error" is, in this
case the reaction time.
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(i) The new car automatically applies the brakes when it detects that the speed of the
truck has decreased.

Explain why the introduction of the new car may reduce road traffic accidents.

3)
Pfcanawtabmm%%raswdw"'mf

have l’mc,hﬂnﬁwl’f—\carcﬂ?plaua obrcavs

This  meang  He  Car Wil Lisp In

N

ol Resultslus

Examiner Comments

A really good response scoring all 3 marks in a very
clear way.

ResultsPlus

Examiner Tip

Some students suggested in their answers that the
new car would reduce the braking distance. The
speed of response of the system only affects
thinking distance (and as a result, total stopping
distance).
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Question 18 (a)

This question was split into parts (i) and (ii) with part (i) clearly scoring much more highly than part
(ii). Over half of all the students taking the examination scored 2 marks out of 4, usually by
achieving both marks in part (i).

Part (ii) was more challenging for some students who were not clear about how to use such
resistance ratios. This part often scored 0, although a fair number did score all 4 marks on the
whole of part (a).

18 (a) A 9.0V battery of negligible internal resistance is connected as shown.

9.0V
b= ———
| {:_
1200 1100
(i) Calculate the potential difference (p.d.) across the 1202 resistor.
2)
e_ _ R,
T 727 o
v Jol
____________________ ? UV [

(ii) A student added to the circuit, as shown below, in order to determine the resistance R
of a resistor.

9.0V
e ——
R
| S :1—"
1200 1100

As the student adjusted the variable resistor, the reading on the voltmeter
changed. When the variable resistor had a resistance of 295}, the reading on

the voltmeter was 0V. This happened because the p.d. across the variable resistor
was equal to the p.d. across the 120£ resistor.

Show that the value of R is about 3002.

o 3950

2)
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w/’*‘“ Examiner Comments

This is an example of a student who completed
both parts successfully to score a total of 4 marks.
The working is clear and not at all difficult to
follow.




18 (a) A 9.0V battery of negligible internal resistance is connected as shown.
9.0V

—

120Q 110Q
(i) Calculate the potential difference (p.d.) across the 1202 resistor, @
.................................... A L
................ Re 7 020 + W0 "23OR .
..................................... A O R e @856
230 L, ¢ 4.7V

(i1) A student added to the circuit, as shown below, in order to determine the resistance R
of a resistor.

9.0V
—
R
120Q 11002

As the student adjusted the variable resistor, the reading on the voltmeter
changed. When the variable resistor had a resistance of 295Q, the reading on
the voltmeter was 0V, This happened because the p.d. across the variable resistor
was equal to the p.d. across the 1200 resistor.

Show that the value of R is about 300 Q).

(2)
L S D x WO 2 O e

= S . =
v T e L 8Sw . R3O 83 TAMDI
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This is a typical example of a student who achieves
both marks on part (i) but has difficulty
establishing how to answer part (ii). Seeing as the
guestion asks students to show that the value of R
is about 300Q), there were lots of attempts such as
this where an answer in the right sort of range
seems to have been engineered from incorrect
physics. As a result, this attempt at part (ii) gained
no credit.

"\ ResultsPlus

\ Examiner Tip

With "show that" questions, the answer needs to
be shown to at least one more significant figure
than the value given. This means that for this
question, as the "show that" value is 300Q, the
calculated value should be somewhere between
250 and 349 Q. If doing such a calculation, an
answer is produced which is outside of this range,
it is advisable (if required later in the question) to
use the "show that" value rather than the
calculated value.
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18 (a) A 9.0V battery of negligible internal resistance is connected as shown.

9.0V
e e

L} [
1200 110Q

(i) Calculate the potential difference (p.d.) across the 120£ resistor.

pd. = ... BN
(ii) A student added to the circuit, as shown below, in order to determine the resistance R
of a resistor.
9.0V
e [ —
R
120Q 1100

As the student adjusted the variable resistor, the reading on the voltmeter
changed. When the variable resistor had a resistance of 2952, the reading on

the voltmeter was 0V. This happened because the p.d. across the variable resistor
was equal to the p.d. across the 12042 resistor.

Show that the value of R is about 300 2.

vegeb & o uo
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'/’""“‘" Examiner Comments

This student has once again worked out a perfectly
correct answer to part (i). However in part (ii) they
have used a ratio of resistances that is inverted,
leading to an answer of 322Q). This can score MP1
on part (ii), but not MP2 as the answer is incorrect.

\ ResultsPlus
, Examiner Tip

On "show that" questions, the units are shown in
brackets in the mark scheme. This is because the
units have already been given in the question so a
candidate giving an answer of 270 on this question
(provided that the working was correct) could
score both marks on part (ii).




Question 18 (b) (i)

For a large number of students, this part of the question became far too tough. Out of all the
guestions on the paper, this was the one that was most often left with an entirely blank answer
space. It was surprising to see so many students, having been told that the 120Q and 110Q
resistors from earlier in the question had now been replaced with a wire, still did calculations
clearly involving 120, 110 or 230 Q.

(b) A differgnt form of the circuit is shown below. The 1200 and 110 resistors were
replaced with a wire XY of length 1.000m. R is 300€2 and the variable resistor was
altered to a different value.

o

R

probe 3000 .
| wire

X , W Y
-

Y

\ > . :
(i) The student moved the probe attached to the voltmeter along the wire until, at W, the
reading on the voltmeter was 0V. This occurred when the length XW was 33.0cm.-

Calculate the resistance of the vanable resistor, assummg that the wire XY has a
uniform cross-sectional area.

3 Doawm I

-

(2)

Resistance of the variable resistor = qQJl S

{ ResultsPlus

Examiner Comments

This student has shown limited working for the
examiner to see, but it was deemed clear enough
that the student was attempting to do a ratio of
lengths to resistances using the 300Q2 and two
lengths of relevance from the question.

Although this was enough to enable MP1 to be
achieved, MP2 was not accessible as the student
had chosen the whole length of the wire rather
than 0.67m for the section "in parallel" to the 300Q
resistor.
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(b) A different form of the circuit is shown below. The 120 and 110 resistors were
replaced with a wire XY of length 1.000m. R is 300£2 and the variable resistor was
altered to a different value.

9.0V
..y
[a81
R
b
probe __| 3000 )
|- wire
X W Y

(i) The student moved the probe attached to the voltmeter along the wire until, at W, the
reading on the voltmeter was 0V. This occurred when the length XW was 33.0cm.

Calculate the resistance of the variable resistor, assuming that the wire XY has a
uniform cross-sectional area.

(2)

B8R0 o Re4gL o
33 e+

Resistance of the variable resistor = {Lfgjl/

N

ol Resultslus

Examiner Comments

A very good answer, with a clear ratio of two
lengths to resistances, giving the correct value and
unit at the end.

ResultsPlus

Examiner Tip

If it is clear from a calculation such as this one, it is
not always necessary to convert given values into
the correct Sl units for ratio calculations. Although
one would normally expect lengths to be portrayed
in metres, this student clearly understood that the
ratio would be the same as long as the units
chosen (in this case, cm) were the same for the two
distances.
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Question 18 (b) (ii)

This question required two separate resistances to be described (that of the wire between XW, and
of the variable resistor), but many students failed to make it clear which one they were talking
about in their answers. As a result, only a very small number of the students achieved both marks
here.

Quite a few students suggested that making the section of wire XW thinner would make its
resistance higher than that of the section of wire WY. This is not a good description as the section of
wire WY was longer, and so would be very likely to have a higher resistance due to its length.

There were very few direct comments regarding how the actual or measured resistance of the
variable resistor would be incorrect.

(ii) The student discovered that the wire was thinner between X and W than it was
between W and Y.

Explain why this results in an error in the calculated value of the resistance of the
variable resistor.
(2)

Wereéwwmv—fwa&wngsoﬂw;:owm

d,rffhw«,pg{ajer

S0 e A Yesistams 3o memsed o symaller. Hgo ..
of Voartabe  restster

A
b
<4 {ResuitsPlus

Examiner Comments

This is a rare 2 mark response, clearly making the
distinction between the resistance of XW and that
of the variable resistor.
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(ii) The student discovered that the wire was thinner between X and W than it was
between W and Y.

Explain why this results in an error in the calculated value of the resistance of the

variable resistor.
(2)

______ The .. Cross. -.sechionals orea...iS. o longen. .

........................... R :EKLAumLLd\qua@R“Ntbk
.......................................................................................... chon@e.

\_._._._. S
« { Resultsilus
y. Examiner Comments

This is an answer that fails to describe just how the
resistance might change, so scores no marks.

(ii) The student discovered that the wire was thinner between X and W than it was
between W and Y.

Explain why this results in an error in the calculated value of the resistance of the

variable resistor.
(2

)
. W\:‘, ......... Calcnlaltcl........uml.mg ........ cbo.l‘ihe,u.:mblﬁ ....... Yesistov.

\_._._._. S
« { Resultsilus
y. Examiner Comments

The section in the middle of this answer about the
thinner wire having more resistance scores MP1.
However, there is no link to how the variable
resistor resistance would change as a result. Thus
there is no MP2 here.
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Question 18 (b) (iii)

Although this was a generally well-answered question, many students appeared to be unaware that
the question was not just asking how to measure the diameter of a wire accurately. The final
marking point required an explanation of how the wire could be proved to be uniform in diameter.

A sign of good preparation for the WPHO3 paper was the number of students who correctly
identified the micrometer as the piece of apparatus to use in this situation (although digital calipers
were also accepted).

(iii) Describe how the student could check that the diameter of the wire is uniform. .
(3)
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lV’N Examiner Comments

A typical 2 mark response, scoring MP1 and MP2.
There is no reference to whether the wire is
uniform or not, so no access to MP3.

\ ResultsPlus
| Examiner Tip

If quoting potential apparatus that can be used to
measure something, avoid listing more than one
piece of apparatus. If a student had said that the
diameter could be measured using a micrometer
or a metre rule, then they would not have achieved
MP1 as only one of the pieces of apparatus quoted
would be acceptable.
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(ii1) Describe how the student could check that the diameter of the wire is uniform.
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Examiner Comments

This student only scored MP1 for the apparatus
chosen (micrometer). Although there is mention of
taking "a lot of values" there is no indication that
these would be from different places or
orientations of the wire, so MP2 could not be
gained. There is no reference to uniformity either,
so MP3 could not be scored.

(iii) Describe how the student could check that the diameter of the wire is uniform. ;
(3)
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Examiner Comments

A good 3 mark response, clearly stating MP1 and
MP2 in the first sentence. The approach to
discussing uniformity is a bit more convoluted, but
by suggesting that the individual diameter
readings are all identical to the average value, that
suggests uniformity (so gains MP3).
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\. Examiner Tip

On some questions, it is perfectly acceptable to
give a converse argument for a particular marking
point. On this question for example, MP3 could
equally-well be achieved if a student had said "if
the 4 readings taken are all different, then the wire
is not uniform".
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Question 19 (a) (i)

It was pleasing to see so many students following the instruction to include a calculation in their
answer. On this occasion, there were three potential routes to answer the question, although the
answer they gave for MP3 had to match the calculation they had performed.

The majority of those seen chose to calculate the photon energy, and explain their answer in terms
of how it related to the work function. Although this was a perfectly acceptable route to take in
answering the question, many failed to mention "photon" when talking about the energy of the
light being greater than the work function.

Very few of those students calculating the kinetic energy made it clear that the reason for electron
release was that the kinetic energy value was positive.

A significant number of students described the effect of electron release to be to make the gold leaf
positively charged so that it now attracted the negatively charged conducting rod.

Both MP3 and MP4 proved difficult to achieve, so only a small number of students achieved all 4
marks.
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19 A gold leaf electroscope is a device that can be used to detect charge. The deflection of
the gold leaf depends on the amount of charge on the zinc plate and the conducting rod.

zinc plate
insulation

conducting rod —_|

| gold leaf

In a demonstration of the photoelectric effect, a teacher charged the zinc plate with a
negative charge and the gold leaf was deflected.

When ultraviolet radiation of frequency 2.0 x 10" Hz was shone onto the zinc plate, the
deflection of the gold leaf reduced. —

(a) (i) Explain why the deflection of the gold leaf reduced. Your answer should include
a calculation.

4)

work function for zinc = 6.9 x 10*]J

ResultsPlus

Examiner Comments

This student has worked out both the photon
energy and the kinetic energy of the released
electrons. Either of these scores MP1 and MP2 with
the answers gained.

The answer following this is in terms of photon
energy being greater than the work function, so
this scores MP3. The student then describes both
electron emission and reducing negative charge so
also scores MP4.
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\ ResultsPlus
, Examiner Tip

Even if asked to do a calculation as part of a
question, it is not usually expected for this
calculation to end with units on the values given.
On this script neither the photon energy nor
kinetic energy have Joules written at the end, but
the units for MP2 are in brackets on the mark
scheme, so are not necessary.




19 A gold leaf electroscope is a device that can be used to detect charge. The deflection of
the gold leaf depends on the amount of charge on the zinc plate and the conducting rod.

zinc plate
insulation

conducting rod —_|

___gold leaf

In a demonstration of the photoelectric effect, a teacher charged the zinc plate with a
negative charge and the gold leaf was deflected.

e e s

When ultraviolet radiation of frequency 2.0 x 10" Hz was shone onto the zinc plate, the
deflection of the gold leaf reduced.

(a) (i) Explain why the deflection of the gold leaf reduced. Your answer should include
a calculation.

4)
work functmn for zinc = 6.9 x 107'?]
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<4 {ResuitsPlus
'/’""“‘" Examiner Comments

This is another good 4 mark answer, although this
time in terms of threshold frequency. The student
has calculated the threshold frequency to get MP1
and MP2, then stated that this is less than the
frequency of the UV being used (scoring MP3).
They state twice about electron emission leading
to a reduction in charge so score MP4 as well.




Question 19 (a) (ii)

Almost half of the students answering this question scored 0 marks out of 4, in spite of the fact that
most of the marking points were awarded on a fairly regular basis. The unfortunate nature of such
a description is that it requires a significant amount of technical wording, which was not quite
detailed enough from a large number of students.

For example, on MP2 there was a need to talk about the energy of the UV being the same in this
situation. Quite a few students made statements such as "as the frequency of the light is the same,
the photon energy is still greater than the work function". This has not told us that the (photon)
energy remains constant. Likewise, for MP3 there were often references to "less photons emitted"

and "less electrons released" but no concept of them being at a slower rate when the intensity was
lower. The most commonly awarded marking point was MP1.

(i) Explain what would be observed with the gold leaf electroscope if ultraviolet
radiation of the same frequency but with a lower intensity was used.
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/ ResultsPlus
VN Examiner Comments

A typical example of a response scoring 0 marks
but coming reasonably close to both MP3 and
MP4. The decreased number of electrons emitted
would have scored MP3 if there had been a
reference to rate. The deflection was reduced in
the first experiment, so to score MP4 there would
need to once again be a reference to the rate at
which this occurred.
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(ii) Explain what would be observed with the gold leaf electroscope if ultraviolet
radiation of the same frequency but with a lower intensity was used.

72
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Examiner Comments

MP3 is gained in lines 1-3 of this response, but the

reference to "everything would happen slower" is
not sufficient for MP3, so this student scores just 1

mark in total.

(i) Explain what would be observed with the gold leaf electroscope if ultraviolet
radiation of the same frequency but with a lower intensity was used.
(4)
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¢ { ResultsPlus

Examiner Comments

A perfect 4 mark answer.
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Question 19 (b)

This question could be approached in two alternative ways. As such, the mark scheme is divided so
that for each marking point, the first alternative is a description of what is really observed during
the photoelectric effect, whilst the second alternative has the observation expected from the wave
model. It was possible for an individual student to gain marks for both describing the wave model
and the particle model. However, an answer such as "in the wave model, any frequency would be
capable of releasing electrons, whereas in the photoelectric effect there is a minimum frequency to
release electrons"” might have given students the impression that they had scored 2 separate
marking points. However, such an answer would only score 1.

MP1 and MP2 were clearly the most commonly scored marking points, with very few students
making arguments in terms of kinetic energy of electrons.

Many students answered purely in terms of general statements such as "the photoelectric effect
only occurs above a particular frequency". For all of the marking points available, there needed to
be reference to the emission of electrons (this word is underlined in the mark scheme).

(b) In the early 20th century, the wave model was generally accepted as an explanation
of the nature of light.

Explain why the wave model cannot explain the photoelectric effect.
(3)
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/ ResultsPlus
VN Examiner Comments

This student has answered in bullet points and the
first statement has scored MP1. The second bullet
point also scores MP3. However, the final bullet
point is not quite good enough for MP2 as there is
no indication that the "specific" frequency is
actually a "minimum".
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(b) In the early 20th century, the wave model was generally accepted as an explanation
of the nature of light.

Explain why the wave model cannot explain the photoelectric effect.
3)
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The middle paragraph for this student gains MP2.
Although they are close to MP1 in the first
paragraph, there is no indication of a time delay
and no indication of it being linked to electron
emission.

(b) In the early 20th century, the wave model was generally accepted as an explanation
of the nature of light.

Explain why the wave model cannot explain the photoelectric effect.
(3)
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This is a rare 3 mark response. In lines 1 & 2 the
student scores both MP1 and MP2, whilst MP3 is

scored at the start of their second paragraph on
lines 6 & 7.
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Paper Summary

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

* students should not attempt to learn mark schemes for previous papers and assume that they
are directly applicable to different applications

* on calculation questions, all of the working out should be shown clearly, including which
numbers have been inserted into the equation. "Use of" marks on the mark scheme require the
insertion of correct numbers into the formulae

¢ if asked to explain the shape of a graph (as with Questions 13(b) and 15(a)), make sure that all
aspects of the graph are considered, rather than the extremes

* when answering questions about the nature of light, ensure that there is significant discussion of
the role of photons, as this is a key word that should appear in answers on such questions.
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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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