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Introduction

Section A of the paper contains eight multiple choice questions followed by questions of
increasing length and increasing demand. This section examines the waves and materials
component of the course providing a transition for candidates between GCSE and A Level.

Section B contains two questions, with the first question taking inspiration from a short
passage. With a total of 20 marks, section B is designed to provide a synoptic element
with responses from any part of the AS specification expected. In this case Q15(b) relied
on knowledge of dc electricity and Q16(a) required a free-body force diagram. Some

candidates seemed unaware of this and this may have caused them to misunderstand what

was required of them. For example in Q15(b)(i) answers were often given in terms of the
radiation falling on the photocell.

This paper enabled candidates of all abilities to apply their knowledge to a variety of styles
of examination questions. Many candidates showed a good progression from GCSE to AS

level, with prior knowledge extended. Some questions were not answered as well as would
have been expected by many candidates. This was particularly noticeable in the new parts
of the specification, for example questions centred around optics, Q9 and Q14. Candidates

would benefit from more practise in a range of different contexts to become more confident

with this topic.

Some practical and investigative skills were less well developed than would have been
expected. The teaching and assessment of practical skills has changed with this new
specification into a more progressive approach, allowing candidates to develop their skills
over time. On this paper candidates were less well able to use a straight line graph to
analyse data to find an unknown quantity, as in Q12.

Multiple choice questions were generally answered well with the most able candidates

achieving at least 7 marks out of the possible 8 and the least able candidates able to score

at least 5.
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Question Percentage
scoring
correctly

1 79

2 78

3 61

4 77

5 26

6 68

7 94

8 81

Common
incorrect
response

B and C

B and D

A, BandC

n/a

Comment

A well answered question which assessed
candidates on their knowledge that a sound
wave is a longitudinal wave and on how a
longitudinal wave may be described.

A well answered question on units, drawing on
the equation I=P/A. Incorrect answers B and
D at least indicated that the candidate was
thinking about power.

Some confusion over which point is the yield
point.

Incorrect response indicates candidates who
were unaware which direction the viscous drag
was acting.

A very poorly answered question. Option B
gave a correct value for the average but with
too many significant figures. Candidates who
selected B ignored the next correct option,
maybe having stopped reading through the
rest of the options.

Only two of the options gave valid units for
phase difference (C and D). All incorrect
options were seen indicating some lack of
understanding of phase difference.

A very well answered question.

The incorrect response A gave the waves
produced by the guitar string correctly as a
transverse wave, so candidates who responded
incorrectly were assuming the sound waves are
transverse.
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Question 9 (a)
Many candidates tried to start with sinC=1/n, a

new equation on this specification, but then struggled to know what to do with the two
values of n given in the question. Averaging, adding, subtracting, multiplying the two

values or simply ignoring one of the values were common. There was little evidence of the
application of the expression to the critical case with many candidates jumping straight to
sinC=n,/n,. Although full credit was given, it is worthwhile noting that candidates need to be
able to apply the equation to any situation for light passing between two mediums.

9 A simple optical fibre consists of a core surrounded by cladding. The refractive index of
the core is 1.56 and the refractive index of the cladding is 1.20.

(a) Show that the critical angle for light between these two media is about 50°,
(3)

ﬂ'.‘_'.%b }ﬂl:l'l ) L*.(__ )r—_cgo‘
A SENC T Ny siA

1-96 saC= 12

Examiner Comments

Examiner Tip

The candidate has shown all working
clearly, using all the data given in the

question, to arrive at the correct answer. In an AS examination it is rare that data

given in the question is not needed.

9 A simple optical fibre consists of a core surrounded by cladding. The refractive index of
the core is 1.56 and the refractive index of the cladding is 1.20,

(a) Show that the critical angle for light between these two media is about 50°.
(3)

- 0.35

Examiner Comments

This candidate has only used one value of n given
in the question. 56.44 does not round to 50.
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Question 9 (b)

In order to answer this question candidates needed to consider what happens to the two
rays at either side of the diverging beam. The angles shown in the diagram are not the
incident angles and this caused many candidates to draw the exact opposite to what was
expected. Some candidates showed the left hand ray refracting the wrong way.

(b) The diagram shows a dixerging beam of light incident on the boundary between the
core and the cladding. One side of the beam strikes the boundary at 60° and the other
side at 30° as shown.

(-2
e

Three students each suggest a different outcome for the beam of light at the boundary.
Student A says “all the beam will totally internally reflect”.

Student B says “all the beam will refract™.

Student C says “some of the beam will totally internally reflect and some will refract”.

State which student is correct, adding to the diagram to illustrate your answer.
3)

Resultstlus

Examiner Comments

Well drawn rays using a ruler.
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(b) The diagram shows a diverging bea)m of light incident on the boundary between the
core and the cladding. One side of the beam strikes the boundary at 60° and the other
side at 30° as shown.

Three students each suggest a different outcome for the beam of light at the boundary.
Student A says “all the beam will totally internally reflect”.

Student B says “all the beam will refract”,

Student C says “some of the beam will totally internally reflect and some will refract”.

State which student is correct, adding to the diagram to illustrate your answer.
(3)
Student C 15 corveeh

ﬁ “/ ResultsPlus

Examiner Comments

ResultsPlus

Examiner Tip

The reflected ray is clearly, by eye, The question suggests adding
not reflecting at the correct angle so to the diagram, this is where
would not be awarded the mark. marks are awarded.

GCE Physics 8PHO 02 7



Question 10 (a)(i)

The calculation itself did not pose too much difficulty with most candidates using the correct
equation for strain. Errors came with reading from the graph, using the polythene line
instead of the shrilk line. Of those who used the shrilk line, some misread the scale to arrive
at 48. Some candidates seemed unfamiliar with the "M" prefix in the unit MPa with unit of
ten errors being a common mistake on this calculation.

10 Shrilk is a new material made from discarded shrimp shells, It is biodegradable and is
easily moulded into different shapes. Shrilk is an alternative to polythene and could be
used to make waste bags in the future.

The graph shows a stress-strain curve for a 25.0cm length of shrilk and for a similar
length of polythene, up to breaking point. ‘
2957 .14l (or Shatk

P E—— Ltshrilk A
BINHEY . W
! s anr ! e+ ba  2\b0O
T ;'t ) polythene 0 °¢
g 80 —ptHHAA +H
E : oA
EERaEEEY ) mEEm ' i
@ 40 o !
0__ |
0 0.02 0.04 0.06
Strain

(a) (i) Calculate the force applied to the shrilk at a strain of 0.02

cross-sectional area = 1,2 x 10* m?

(3)
s

_____________ 5“‘””-‘--—;—&%4%'11“6‘

(2 x0)xY: 5 00

Force = 576’(10-5
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Examiner Comments 3 Resunszﬁ‘lus

This candidate has used the shrilk line to determine Examiner Tip

the stress but has misread the scale as 48. .
Always show your working clearly. If

this candidate had not shown their
working they would have scored 0.

Their value is then used correctly in the equation
so although the incorrect answer is given they will
score one method mark.

120 e shrilk
.Ila- : _-I:._-.:- __.!.
mam - olythene
g W A
- TP
. CA T
o
% 40 ]
I N NN
IHEEREE
EEEEEE
bt
0 [ [ [ 11
0 0.02 0.04 0.06

Strain

(a) (i) Calculate the force applied to the shrilk at a strain of 0.02

cross-sectional area = 1.2 x 10 m?

il
-
=
a
R

| - |- Lx\Q
Aren Foree = g o x \-Zxw

il

poee . GTIN

OO ResultsPlus

Examiner Tip

ResultsPlus

Examiner Comments

You need to be able to recognise
and use prefixes to units.

A clear correct answer. This candidate has
remembered to convert MPa to Pa.
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Question 10 (a)(ii)

A calculation that was tackled confidently with units given.

(i1) Determine the extension of the shrilk at a strain of 0,04

&JA‘QAS':&H\

+IUS

Examiner Comments

Clear correct answer given in metres.
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Question 10 (b)

Most candidates were able to achieve some marks in this short written question with all
marking points observed regularly. The answer required a comparative description between
shrilk and polythene. The term biodegradable was given in the question so this was given no
credit.

(b) Deduce whether shrilk or polythene is better for making waste bags.

A
Examiner Comments J/ . _ !
Examiner Tip

This answer scores all three marks. There L )

is a clear comparison between shrilk and Ifa questlc_m is asking for you to compare two

polythene, demonstrated with comparative or more t_hmgs then your answer should be
comparative, so use descriptors such as greater/

words such as higher, lower, less, with the i
conclusion that shrilk is better. smaller/more, rather than just large/small.

GCE Physics 8PHO 02
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Question 11 (a)(b)

(@) Huygens construction is new to the specification this year. Most candidates recognised
this to be about diffraction, with the word diffraction being spelt correctly. Memorising a
good description of Huygens construction would have enabled candidates to gain a mark
but, often, candidates struggled to find the correct terminology here.

(b) This question commonly scored 2 marks: candidates recognising that the rays are in
phase and the bright spot is a position of constructive interference. It was rare to see any
mention that the path lengths are the same.

11 The diagram shows a coherent beam of light incident on a metal ball bearing.
A dark shadow is seen on a screen behind the ball bearing. There is a small spot of light
in the centre of the shadow. This spot of light is known as the Arago spot.

illuminated
screen

shadow ~

% — Arago
all

spot

“ﬁ]m”

T

bearing
source

of light screen

Appearance on
Experimental set-up screen

(a) Use Huygens’ construction to explain the behaviour of light as it travels past the edge
of the ball bearing.

Eac‘\pom'con Uu%\ff}fwthnbe Considered  « 5€C0n6w3 Sowle. .
(difech) arond the ball aed ay (b pases v edge

(b) Explain why a spot of light is produced at the centre of the shadow.
(3)

TNUQVed‘”{UbeDU’Ld the b ). Th cavsed waves

df}k&th“jﬁombﬂéhsadﬂJo}('l‘! ball ko caberft
A sopeosiben occors and in b of bhe conbe o}t

_. slfla.alaw"le{Waua.vaarcmE-:«.cl'\sm"'-OJrfL‘b«”)h&V‘
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ﬁ ResultsPlus -
Examiner Comments Il
(@) Scores 2 marks. Clear description of Q ReSUltSplUS

wavelets and diffraction. Examiner Tip

(b) The term "interfere" on the second line is Learn a good description of Huygens
insufficient. Fortunately this candidate then construction. The term "wavelets" is
correctly states "constructively interfered" accepted as a description of secondary
on the 5th line which does score the mark. source of waves.

Although not well expressed "a superposition
occurs" could have also scored this mark.

"Path distance is the same" gains a second
mark since they are clearly referring to the
two waves either side of the ball. It was much
more common to see references to the phase
difference than path difference.

GCE Physics 8PHO 02 13
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Question 11 (c)

This question was taken from Topic 1 (working as a physicist): spec point 7. It may be
useful to ensure candidates are familiar with this topic and able to apply spec points 1 to 8
to all aspects of the course. Candidates recognised it was wave theory for 1 mark and those
who achieved a second mark generally mentioned the idea of experimental evidence. Very
few mentioned the need for results to be reproducible but it was very rare for full marks to
be scored.

(c) Frangois Arago first demonstrated this experiment in 1818 for a group of eminent
scientists, to show the behaviour of light.

State the model for the behaviour of light that this experiment demonstrated and
explain why the scientific community accepted this model.

(3)

Thus L%t /. é/cmnféolq})-a . quemoC/E/Af
h74}9¢r;h‘}ﬂ(é/gﬂ(&zwc’.f;b—c-dd'mﬂr/ﬁve R
erdate. At Lndt ! i «/AQWWWA/MC/ o

ﬁ ResultsP

A
us Q
Examiner Comments ®

Examiner Tip

This answer scores 2 marks. One for "wave
model". The second mark for the idea of
experimental evidence. Comments relating
to only waves behaving in this way would
not get a mark.

Make sure you are clear on the difference
between reproducibility and repeatability.

:) C{(C«Q,phul « bew—e
)f\n; ecpeaitent  shoced  Mdr Oold fw"’w@:‘
f peodue.sda o0 leck.™.

ResultsPlus

Examiner Comments

Scores 0 as the candidate is talking about particle theory.
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Question 11 (d)

This question is assessing a practical skill about which knowledge is assumed. Most
candidates were able to name a suitable device. Whilst candidates gave the idea of taking
several readings to calculate an average, some did not state that the readings should be in
different places.

(d) The ball bearing shown in the experimental set-up has a diameter of about 1cm.

Describe how the diameter could be measured accurately.
(2)

\?;.3 'uuhw% & wAcanmeles. WT&&M ........

ﬁ ResultsPlus

Examiner Comments

This candidate scores both marks. They use a micrometer
for 1 mark, then correctly describe how it is used with
readings across different places and finding an average.

The  cuawmerex couwld be weoduned

Plus

Examiner Comments

It was not uncommon to see callipers
written in the singular as a calliper.

GCE Physics 8PHO 02
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Question 12 (a)

Although the question does not mention that the guitar string is removed from the guitar
this is core practical 7 (spec point 69) and candidates are expected to know the procedure
to investigate this. There was a clear distinction between those candidates who were familiar
with this and those who were not.

12 A student carries out an experiment using a guitar string. She investigates the effect of
varying the tension in the guitar string on the frequency of sound produced when the

string is plucked.

(a) Describe a method of varying and measuring the tension in the string.
(2)

o Fonq eights at the end.of . He_stiry . oo pulley ..

L The  neighte  of the weights . can. b .. osswmed to. fe...
Aslon et starg. You oan  chage  the weighe by .. ..

. odding _or rempung. Wikt to . change. . T taasien.. ... ... |

ResultsPlus

Examiner Comments

This scores both marks in the first three lines.

@)
o u&namﬂwm‘gpﬂrjﬂhm bR o e Guie fo.
L opbben e Spied) whion wodd A Atmgiom,

L0 oD et fre B0 by (alodeing

OO ResultsPlus

Examiner Tip

ResultsPlus

Examiner Comments

Make sure you are familiar with the
core practicals.

This is a candidate who has not recognised
this as a core practical. Scores 0.

GCE Physics 8PHO 02



This answer is treating frequency as an independent variable
but its description in the question is that of a dependent
variable. The question, however, is only asking about the
tension so there is no need to refer to frequency to answer it.

GCE Physics 8PHO 02 17



18

Question 12 (b)(c)

(b) Candidates coped well with a difficult size of graph with an awkward scale on the y-axis.
A significant number did not appreciate that completing the graph meant drawing a line of
best fit. Some leeway was given here due to the size of the axes but for an acceptable line
of best fit there needs to be an approximately even distribution of points either side of the
line.

(c) Many failed to use a gradient from the graph to answer this question but simply
substituted values from the graph or the table. The ability to manipulate an equation to
give a straight line graph is an expected investigative skill. In this question candidates were
expected to make a conclusion based upon the value they obtained. It was encouraging to
see that candidates generally did this.

m"'5:"(b) The student records the following data and plots a graph.

Tension / N 20 25 30 35 40

Frequency / Hz 70 78 90 95 101

Frequency*/ Hz? | 4900 | 6084 | 8100 [go 25| 10201

Complete the table and graph.

(3)
12000 e e T T T
- R I} b d _[F_': , ; -::r 1 i _ .:
10000
. T e
= 8000 HEHH
o IESEEEENNE NSNS EEENEENRAEEN A SNENEANSEESEEEE
g 6000 HEEE e
P[RR
£ 4000 HHH- H A
2000 -HHHFFH e e
0 EESSSEEE IREEE NN N u BN ANEEE N
0 10 20 30 40 50
Tension / N
(c) The student reads that guitar strings have a mass per unit length of between
0.4 x 10" kgm ' and 7 x 10° kgm™.
Determine whether the guitar string used in this experiment lies within this range.
length of string vibrating = 0.40m
(3)

GCE Physics 8PHO 02



ResultsPlus

Examiner Comments

Point plotted just out of tolerance.
No line of best fit. Scores 1 mark.

@ ResultsPlus

Examiner Tip

Generally, completing a graph means drawing a line of
best fit which may be a straight line (using a ruler) or
a smooth curve. The line should be drawn with roughly
the same number of points either side of the line and
should not be forced through the origin. When drawing
a line of best fit on axes covering a full page a 30 cm
ruler is preferable to avoid a disjointed line.

(b) The student records the following data and plots a graph.

Tension / N 20 25 30 35 40 \l
Frequency /Hz | 70 | 78 | 90 | 95 |\ 101 /
N
Frequency’/ Hz? | 4900 | 6084 | 8100 | 402¢ | 10201
Complete the table and graph.
(3)
12000 ¢ - :
HHH N AR : ¢ iw
10000 e ! 1
e e L
2 5000 '. mn
b oot e e e
g 4000 ' i ins . i
m n n -
2000 . R
0 1T : __!__ '] T i -
0 10 20 30 40 50
Tension / N

GCE Physics 8PHO 02
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(¢) The student reads that guitar strings have a mass per unit length of between
04 x 10 kgm ™" and 7 x 10”7 kgm™".
__-_..-—-_’-—-—-—

Determine whether the guitar string used in this experiment lies within this range.

length of string vibrating = 0.40 m
(3)

P f‘“ _ veH v

Cl()lmﬂ)z et
re‘itté"o 7’“"‘; r
l

Examiner Comments

This candidate has equated the correct two
equations but has used a value for wavelength of
0.4 m so arrives at an incorrect answer. Despite
this, they make a valid conclusion based upon
their answer so they can score a mark for a
conclusion consistent with their value.

20 GCE Physics 8PHO 02



(b) The student records the following data and plots a g:Taph.

Tension / N 20 25 30 35 40

Frequency / Hz 70 78 90 95 101

Frequency’/ Hz' | 4900 | 6084 | 8100 (2G| 10201

Complete the table and graph.
3

12000

10000 X

- 8000 > ius

6000

Frequency® / HZ?

4000 .

2000

Tension / N
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(c) The student reads that guitar strings have a mass per unit length of between

0.4 x 10” kgm™' and 7 x_ 10" kgm'

Determine whether the guitar string used in this experiment lies within this range.

length of string vibrating = 0.40m

(3)

/ ﬁmfaé.(3af;%w«4uaﬁj;é

™

wExammer Comments

(b) Scores all 3 marks. Line of best fit is drawn with points on both
sides of the line.

(¢) This scores full marks. The x and y values of the gradient had
been clearly shown on the graph and they have used this data in
their calculation. The equations have been equated and rearranged
and a wavelength of 0.8 m is used. The candidate gives the correct
answer and makes a suitable conclusion at the end.

GCE Physics 8PHO 02



Question 13 (a)

This style of question is new to this specification and there will be one or two on each
paper. Of the 6 marks available, 4 marks are awarded for the physics and 2 marks for the

candidate's ability to show a coherent and logically structured answer with linkages and fully

sustained reasoning.

Candidates of all abilities were able to gain marks in this written answer with most
candidates scoring 3 marks.

Electron diffraction is new to the AS specification so it was encouraging to see that
candidates had gained knowledge and understanding in this area.

13 An electron beam is directed onto crystalline graphite. A fluorescent screen on the other
side of the crystal shows the pattern in Figure 1. The brighter areas correspond to higher
electron intensity.

The speed of the electrons is increased and the resulting pattern is shown in Figure 2.

Figure 1 Figure 2

*(a) Discuss the conclusions that can be drawn from this information about the behaviour

of electrons and the structure of graphite.
{0)

'e\fp-’f!tf"lfq;d ..... f WJC'NM&/E’/IC(’A/-"J‘;‘I{QUQ et o hrets. eacl
,Pn:acjvff’ ...... Gﬂf’?/(v/cmafep%//@d ..... L/Mf /4& ..... c/.cw..nf.;.;!?’??ﬁn...
THel Clbos cvevwnscb Shot Aok Ay ki) raretl

Dfﬁﬁr/;f Len ‘Wﬁ Slex [/LL{A}A({ &’a; 10(&41} ......

Mmﬂ{dﬁo/‘* _ Jr'm;'/w Jire. go/éa/hf/,c/dénﬂj _______
Cj»’;&r{(&/ Frcm /443 ..... L. G (e,ncd-%/é/ }’A/Avc/-ff of
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___________ /v /4 ..‘.?.‘."."A.-" Q sven

G/fz!n?/sa G’?u-Z"*' LJM}M«[}'"/ &
le"étrdul?é’ e

Examiner Comments

In the first paragraph there are two physics
points: recognising an interference pattern and
that this demonstrates electrons exhibiting wave
properties, which gets 2 marking marks. One
linkage mark from the first paragraph is also
awarded. A total of 3 marks.

In the second paragraph the candidate goes on to
talk about the size of gaps in graphite being linked
to the amount of diffraction. This was commonly
seen. Whilst the de Broglie equation is given, it
has not been linked to the speed and wavelength
of electrons. Neither is there any mention of the
pattern getting smaller as speed increases. No
marks can be awarded in the second paragraph.

v A=k -
o éj A

A

+IUS

Examiner Tip

-

Quoting an equation in a written answer
can be a useful way to justify the physics
behind what you are saying. However, all
terms in the equation must be defined.

13 An electron beam is directed onto crystalline graphite. A fluorescent screen on the other

side of the crystal shows the pattern in Figure 1. The brighter areas correspond to higher

electron intensity.

The speed of the electrons is increased and the resulting pattern is shown in Figure 2.

Figure 1

Figure 2

*(a) Discuss the conclusions that can be drawn from this information about the behaviour

of electrons and the structure of graphite.
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f e lbeam o electrons.

ﬂExaminer Comments

This answer scores a total of 5. There are 5 physics points in
the answer for which 3 marks are gained, plus 2 linkage marks.

The only physics point missing is the reference to angles and
wavelength, the 4th Physics point on the mark scheme. This
point was rarely seen.

GCE Physics 8PHO 02

25



26

Question 13 (b)(i)

To answer this question candidates needed to show a clear derivation of an equation using
the diagram. As the equation was given in the question this meant that there was some
fudging going on and the mark scheme was designed to avoid awarding marks to these
candidates. Many candidates were unable to recognise the total extra distance travelled by
the beam from the diagram which meant that they were unable to pick up any marks as
their derivation went nowhere. Most candidates were awarded 0 marks.

(b) An electron beam can be used to explore the structure of solid materials. The
diagram shows an electron beam reflected by the top two layers of atoms within a
material. The two layers are separated by a distance d.

(i) Show that the gxtra distance travelled by the electron beam reflecting off the
second layer of atoms is given by 2dsiné.

@ is the angle between the beam and each layer of atoms.

You may add to the diagram.

ResultsPlus

Examiner Comments

Incorrect labelling of the angle was common,
as was the lack of recognition of what the extra
distance was, as seen in this example scoring 0.

GCE Physics 8PHO 02



(i) Show that the extra distance travelled by the electron beam reflecting off the
second layer of atoms is given by 2dsiné.

@ 1s the angle between the beam and each layer of atoms.

You may add to the diagram.
@)
T ot bedwaun Hr mvnol drown ad the line poendicvlar 1o both

ryy o %t eedven beom is eyua] fo M 8. 9o Hh ot dyfore

s dsing + dhire . sdsive. g4

ﬁ ResultsPlus

Examiner Comments

OO ResultsPlus

This answer scores full marks from just the Examiner Tip

annotations made to the diagram. The angle
is labelled correctly and the extra distance is
shown. The written explanation confirms that
this candidate understood what they were doing.

If the question suggests you add to the
diagram then remember that marks
may be awarded for doing this correctly.
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Question 13 (b)(ii)

Most candidates scored 0. Many candidates thought that this is something to do with energy
levels. Those that did have some idea, but hadn’t got the terminology of different orders,
usually couldn’t describe it well enough to score.

(i) Give one reason why there is more than one ring shown in both Figure 1 and
Figure 2.

JL’ . NMM/ c/fﬁr«/mc - ec{c[ 3 }wrf. /%e
s o e | F&Av’u Py Y. ﬁfa.ra f.m/ﬂ/ x’cnr/ %r
e g/ﬁf( /ﬂé Gre. ok /,oé;r Gadphete.

ResultsPlus

Examiner Comments

Use of the word "orders" is acceptable as
a suitable technical term in this situation.

(i1) Give one reason why there is more than one ring shown in both Figure 1 and
Figure 2.

(1)

~hen lfheughh reflectSO{fd,LffeJen.&la.ﬂef‘soJ

ResultsPlus

Examiner Comments

This candidate needed to replace the word material for atom.
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Question 14 (a)

Most candidates scored full marks on this straight forward calculation using an equation that
is new to this specification but simple mistakes with rounding were made.

(a) Show that the focal length of the objective lens 1s about 1200 mm.

Plus

Examiner Comments

This scores both marks.

(a) Show that the focal length of the objective lens is about 1200 mm.
\ [ (2)

rx 2t

A

ResultsPlus

Examiner Comments

Examiner Tip

Scores 1 mark only. Does not give their
answer to at least one more significant
figure than given in question.

In a show that question you must give you
answer to at least one more significant
value than given in the question.
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(a) Show that the focal length of the objective lens is about 1200 mm,
/ (2)

e = 042 e =T

_—

P82 = ko

oF2F = |

J:. R =,2lan M B

ResultsPlus

Examiner Comments

OO ResultsPlus

Examiner Tip

This scores 1 as the answer has been

) You are expected to be able to
rounded incorrectly to 1.21

round numbers correctly.
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Question 14 (b)(i)

Candidates were being assessed on their knowledge that the focal point is the point at which

an image is formed when the object is a long way away. In this situation the rays from a
point on the object are parallel when they are incident at the lens. The use of the word
parallel was needed. Alternatively a mathematical approach was accepted. Attempt at a
written answer was more common but a mathematical approach was also used frequently,
and usually more successfully.

(b) Telescopes can be used to observe distant objects such as the Moon.

(1) Explain why the image of the Moon produced at P by the objective lens will be at
a distance of about 1200 mm from this lens.
(2)

Examiner Comments

This answer scores both marks for correct use of the word parallel
and a recognition that the rays are focused at the focal point.

Examiner Comments

This is a correct response using a mathematical approach.

GCE Physics 8PHO 02
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Question 14 (b)(ii)

The property of an image can be described as upright or inverted, diminished or magnified,
and real or virtual. It was clear from candidate responses that there were those who were
used to using these three descriptors and those who were not. More practise at drawing ray
diagrams and describing the image would make this more intuitive.

(i1) State the properties of the image at P.

Iruverteol
AL IR
2//\
- Q Examiner Tip
D)
ResultS us When describing the properties of an image
Examiner Comments usually just three words will do: upright

or inverted, diminished or magnified, and
real or virtual. Sometimes you may also
be expected to calculate or measure the
position of the image.

A perfect full mark answer using
correct terminology.

(ii) State the properties of the image at P.

B € R ST WY =2 ¥ W A act Y. -2 a Mgt

fd&edmvh anatear. fert on  Seace ond

o | V1
Examiner Comments

This candidate has not used the three
descriptors to give the properties of
the image although has mentioned
one of them for 1 mark.
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Question 14 (c)

Candidates were expected to use 1/f = 1/u + 1/v to calculate the focal length f. They
needed to remember to use a negative value v for a virtual image but very few seemed to
know and use the sign convention for real and virtual images, convex and concave lenses.

(c) The eyepiece is at a distance of 100 mm from the image at P. To give a reasonable
magnification, the final image at Q should be a virtual image at a distance of 300 mm
from the eyepiece.

The following lenses are available:

diverging lens focal length 150 mm,
converging lens focal length 150 mm,
diverging lens focal length 100 mm,
converging lens focal length 100 mm.

Deduce which lens should be used for the eyepiece.
\ \

| The b photit b o oty iy ke ot frerk.

ResultsPlus

Examiner Comments

(3

A well laid out answer, gaining full marks.
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(c) The eyepiece is at a distance of 100 mm from the image at P. To give a reasonable

magnification, the final image at Q should be a virtual image at a distance of 300 mm
from the eyepiece.

The following lenses are available:

diverging lens focal length 150 mm,
converging lens focal length 150 mm,
diverging lens focal length 100 mm,
con/\;czging lens focal length 100 mm.

Deduce which lens should be used for the eyepiece.

(3)
l\f\wc‘}\o&d‘vmmjbuqufcmfﬂkjt
- A \ i - X
‘ngM\l(‘:_;-'.\/‘F z \eo -~

A
ﬁ ResultsPlus @ ResultsP

Examiner Comments

This candidate did not use -v and A common misconception is that because the
arrived at an incorrect answer of 75 image is virtual the lens must be a diverging
mm. As they showed their use of the lens. A virtual image may be formed from a

equation this answer will have scored 1. converging lens - for example, a magnifying

glass. Make sure you are familiar with the
sign convention for real and virtual images
and converging and diverging lenses.
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Question 15 (a)

Section B can draw on knowledge from all parts of the specification across papers 1 and 2.
This question uses a short text to provide stimulus for the question.

Candidates recognised this to be about the photoelectric effect or some referred to
ionisation. The mark scheme enabled candidates to achieve marks whichever approach
they took. Correct reference to photons was necessary for 1 mark. The idea of a one to one
interaction has come up on past papers but it is not being stated. Many candidates found

it difficult to express the physics clearly for the last marking point. The question refers

to radiation being able to "knock electrons out of atoms". There is an expectation here

that candidates understand that this is referring to the release of electrons and no marks
were given for a candidate who simply repeated this phrase from the question. It was also
common to see phrases such as "when the energy overcomes the work function" or "when
frequency satisfies the threshold frequency". This is not specific enough; the inclusion of the
words "is greater than" instead of overcome or satisfies would score a mark.

15 Read the following extract and then answer the questions that follow.

Powdery dust, the by-product of fearsome meteor storms that pounded the Moon, coats
much of the lunar surface. A build-up of this dust could damage sensitive machinery

Scientists theorise that lunar dust must be electrostatically charged by ultraviolet solar
radiation from the Sun. When ultraviolet radiation hits the Moon’s “day side”, the half
that faces the Sun, it knocks electrons out of atoms in the lunar soil.

(a) Describe the particle model of ultraviolet radiation that explains how it can “knock
electrons out of atoms™.
)

www.t?z&ma,w ﬁg@Wy ..................................
L. are .. |

Examiner Comments J/

This scores 1 mark for photons. There

is no one to one interaction; a photon is

absorbed by an electron would have been
sufficient. In line 4 they are half way to
the last mark but then repeat the phrase
in the question "knocked out". If they had

rephrased it as "released" the candidate
would have been awarded this mark.

Examiner T|p

It is good practise to refer to the
question in your answer but no credit
is given for simply repeating what you
have been told in the question.

GCE Physics 8PHO 02
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15 Read the following extract and then answer the questions that follow.

Powdery dust, the by-product of fearsome meteor storms that pounded the Moon, coats
much of the lunar surface. A build-up of this dust could damage sensitive machinery.

Scientists theorise that lunar dust must be electrostatically charged by ultraviolet solar
radiation from the Sun. When ultraviolet radiation hits the Moon’s “day side”, the half
that faces the Sun, it knocks electrons out of atoms in the lunar soil.

(a) Describe the particle model of ultraviolet radiation that explains how it can “knock
electrons o t of atoms”.

ﬁ / ResultsPlus

Examiner Comments

This candidate is talking about energy
levels. Whilst a candidate who does
refer to energy levels could score some
marks, this candidate scores 0.
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Question 15 (b)(i)

Nearly half of all candidates failed to score on this question. This may have been a
consequence of candidates not being fully aware of the synoptic element and so did not
expect to be answering a question about potential dividers. Careful reading of the question
indicates that they are to write about the potential divider circuit but instead they looked

at the circuit as a whole. Of those who realised that this was about potential dividers they
struggled to express their answer clearly. The question refers to 0 and 1.5 V so candidates
were expected to describe what has to happen to the slider to get 0 V and similarly for 1.5
V. A significant number got these the wrong way round: 1.5 V achieved with the slider at the
bottom and vice versa.

(b) A teacher uses the arrangement below to demonstrate that electrons can be knocked
out of a metal surface in a photocell by visible light.

The arrangement can also be used to measure the maximum kinetic energy of these
electrons.

photocell

— 1.5V

(1) Explain how the potential divider circuit can produce a range of values from 0 to
1.5 V on the voltmeter.

I e v b @k w ok The. mnum\ra.bm mH\@____
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___No \1 h‘l‘,mans —)'L?'
un 80?5 e pllo‘l’oz_._

heans | "H@ VGH'O
w:l'a\ ___Mror\e m

T yaT sy

% ResultsPlus

Examiner Comments

A rare 3 mark answer. They have recognised and linked
the position of the slider with the resistance across the
voltmeter and the reading on the voltmeter at the two

positions of maximum and minimum resistance.

(i) Explain how the potential divider circuit can produce a range of values from 0 to

‘ ' ohatoel| does pot
fl‘(—-P_ Q'Fg o wl\;i’f

] \ 5\/ as. Il
% . e corrent. As
\%H' M‘bnSn'f' 1ncmw }\D’be .\
__._procluces P}tofoelﬂ&b

ans. l.eSS 30 The corcent

Lxs
Here  wodd? be o lower wo (o)
‘\’L, —way . "l't: | OV) H'”%’- |

O

¥\ Resultstlus
Examiner Tip

This candidate has not answered the question

about the potential divider but has described Read the question carefully to make sure

what is happening to the photocell. This was you are answering the correct question.

a common incorrect approach.
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(1) Explain how the potential divider circuit can produce a range of values from 0 to
1.5 V on the voltmeter.

ﬁﬁ the f}Uw o &\ﬂL

(3)

wExammer Comments /O\

This candidate is attempting to answer the
question but is struggling to find the correct
language. One mark is given in the first 3
lines for 1.5 V produced when the slider is at
the top, but there is nothing after that. They
have a higher resistance when the slider is
at the bottom which is incorrect. In the last
line the expression "0 V to flow" is poorly
expressed physics.

| ResultsPlus

Examiner Tip

Potential difference (voltage) does
not "flow". There is a potential
difference across a component.
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Question 15 (b)(ii)

Most candidates failed to score. Most common mistake was to multiply or divide 0.6V by
the charge on an electron. At least this demonstrated some recognition of electronvolts. An
answer of 0 V was also common.

(ii) The potential difference on the voltmeter is increased until the ammeter reading is
Zero.
The voltmeter reads 0.6 V at this instant.
State the maximum kinetic energy of the electrons in eV.

-/9 (1)
0- 6 X 1-6X10 20
Maximum kinetic energy = ? {}(/O o €V

A

ResultsPlus

Examiner Comments

ResultsPlus

Examiner Tip

A common incorrect answer -

multiplying by e. The question asks candidates to "state". This

means that no calculation is needed.
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Question 15 (c)

The command word used here in the question is discuss. Here, the candidate is expected

to explore all aspects of whether the photocell arrangement is a valid demonstration. This
requires the candidate to give reasons for why it is valid and why it is not valid. Overall

less than half scored any marks but most candidates made an attempt. The most common
points awarded were: for the same concept, one using UV for the other light, and the idea
of different materials. The other points were hardly, if ever, seen. There were 4 independent
marks for this question, so a candidate should try and give four different reasons and not
spend too long repeating or explaining just one idea.

(c) Discuss whether the photocell arrangement in part (b) gives a valid demonstration of

how dust Eaiticles become chgged on the Moon.

(4)
On_ the Moon, ULltraviolet  rodiakion s used
Qnd not_vieble lght ke the arangement

@ b, This means  that Hu@g Wil both

hc:we a dggea—enk maximum  kioekic eneqy.
Digferent " molenals  ore also Used 50
they Wil have d'ggereﬂ'c Work  punckions

50 theeore  digreceat  frequencies.
It may ghow the some _paaciple. oot

ﬁ ResultsPlus

Examiner Comments

This candidate scores 3 marks. They give two reasons why it is not a
valid demonstration: different wavelengths and different materials. At
the end they make the point that they show the same principle.

GCE Physics 8PHO 02
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(¢) Discuss whether the photocell arrangement in part (b) gives a valid demonstration of
how dust particles become charged on the Moon.

4)

P s e

dhﬁ& | ,Ww s welle
Ew . The dud . J.w
N Nﬂf

<Ij\ _ A\
ResultsPlus @
Examiner Comments O

This also scores 3 marks: light v UV, dust v
metal and uses the same concept. The first
sentence is a little misleading as it seems to
suggest that it is valid as one uses light and the
other uses UV - matching an invalid argument
with the statement that it is valid. It does not
apply in this response as only 3 physics points
are awarded but it may have prevented the
candidate achieving full marks if there had been
4 physics points made (see additional guidance
on mark scheme).

Examiner Tip

There are two points of view. Structure
your answer with two paragraphs;

one starting "Valid because..." and the
other starting "Not valid because..."
putting the correct arguments in each
paragraph.
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Question 16

This question contains a synoptic element, drawing on mechanics from paper 1 and
materials. Most candidates were able to score marks within this question.

(a) There was some uncertainty about drawing the force arrows. Tension and weight were
the most commonly recognised but for many candidates the reaction force was either
mislabelled (push of foot on rock, normal) or drawn horizontally to the right.

(b)(i) This question was done well. Resolving the force to either cos or sin (cos preferred)
and equating to the weight.

(b)(ii) Most candidates scored marks. The two main pitfalls were: either not including the
1/2 within the equation, or not converting cm to m.

(b)(iii) Only a minority of candidates scored the mark. It was common to see references to
energy loss or other forces in action. Those who came close to the correct answer stated
that it was the elastic limit that should not be exceeded.

16 The diagram shows a rock climber of mass 55kg. She is hanging on a rope with one foot
in contact with a rock face. She uses this foot to push herself horizontally away from the
rock face. The rope is inclined at 20° to the vertical.

(a) Complete the free-body force diagram below to represent the forces acting on the

climber.
(3)

tewsion

conback
(W H

weinht
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(b) (i) Show that the tension in the rope is about 600 N.
3)

5% » 1832 = T39.5% wn
et

(i1) The rope extends by 2.5cm when used as shown.

Calculate the energy stored within the rope.

Energy stored= ... .7199. 7 ...

(iii) State one assumption made in this calculation.

Rope. has. wob  skrebowd  posk  geld vk

ﬁ ResultsPlus

Examiner Comments A

(@) 2 marks for the tension arrow and weight arrow.

(b)(i) Weight has been calculated but the candidate
has done nothing with it so no marks awarded.

Examiner Tip

You need to know the difference
between the limit of proportionality,
the elastic limit and the yield point.

(b)(ii) The candidate has not converted cm to m.
Working is clearly shown so the candidate scores
1 mark.

(b)(iii) Yield point is beyond the limit of
proportionality. No mark.
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(a) Complete the free-body force diagram below to represent the forces acting on the
climber.

gy Afeusion ®
4

veact' 't

 hoaash

!

Mt'ah*

(b) (i) Show that the tension in the rope is about 600N,

(ii) The rope extends by 2.5cm when used as shown.
Calculate the energy stored within the rope.

(2)
_____ EzaFde
............ S09X€00x0.02S =755
Energy stored = 75'5 .................... R
(iii) State one assumption made in this calculation.
(1)

GCE Physics 8PHO 02
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Examiner Comments

(@) This gets 2 marks: one for the tension arrow and
one for the weight arrow. Even if the arrow horizontally
to the left had been labelled correctly, full marks could
not be awarded as there are too many arrows drawn.

(b)(i) Correct calculation of weight used correctly with
the vertical component of T.

(b)(ii) Shows correct calculation using the show that
value - scores 2 marks.

(b)(iii) The elastic limit usually exceeds the limit of
proportionality so this is not accepted.

(ii) The rope extends by 2.5 cm when used as shown.

Calculate the energy stored within the rope.
/7 -
S 14 1 «0-015-: [4-Gs

Energy stored = . {L\- g L{- >

(iii) State one assumption made in this calculation.
(1)

J:réﬁw‘“”l!j NONE.. 1o (oét} i id'v\ Lovnd, Leat ecc...

ﬁ ResultsPlus

Examiner Comments

b(ii) Wrong equation - the candidate has not multiplied by
1/2. Scores 0. This equation is given on the data sheet.

b(iii) An incorrect reference to energy.

46 GCE Physics 8PHO 02



(a) Complete the free-body force diagram below to represent the forces acting on the

climber.
R 3)

: QS:A AV

weghl  T-i¢emen

(b) (i) Show that the tension in the rope is about 600 N.
(3)

- 854« "] 81 Z n 559 SSN S My or <o

¥ | ._’W;
(i1) The rope extends by 2.5 cm when used as shown.
=2

Calculate the energy stored within the rope.

€"‘"3 = ’\F F.::(.
< 05x. @x O 025

Energy stored = 7 S

(iii) State one assumption made in this calculation.
(1)

ﬂ'w!f‘of’lf'f_(.‘«brmb o ibs  orim (il olimeasion s,

Plus
Examiner Comments

(@) Only the weight arrow is correct. 1 mark.

(b)(i) The weight has been correctly calculated but the candidate has then done
nothing with it. 0 marks.

(b)(ii) Correct answer using the show that value of 600N from (i). Scores 2 marks.

(b)(iii) This is referring to the elastic limit and not the limit of proportionality so
does not get the mark.

GCE Physics 8PHO 02
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Paper Summary

This paper provided candidates with a wide range of contexts from which their knowledge
and understanding of the physics contained within this unit could be tested.

Whilst a sound knowledge of the subject was evident for many, sometimes candidates
struggled to find the language to use in order to write precise and unambiguous answers.
This will have prevented marks being awarded.

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

e More practise of a wider range of questions on the newer parts of the specification is
needed in order to become more confident in these areas, for example, optics.

e Thoroughly learn the procedures of the core practicals and the practical skills involved.
Knowledge of each of the core practicals is assumed and being able to apply practical
skills in different contexts is required.

e Become familiar with the specification points within topic 1, which may be applied to any
part of the specification.

e Learn to recognise and use prefixes in front of units.

e Look at the number of marks available for the question and ensure you include a
sufficient number of different points in your answer. Remember that you gain no credit
for simply repeating the question.
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Grade Boundaries
Grade boundaries for this, and all other papers, can be found on the website on this link:

http://www.edexcel.com/iwantto/Pages/grade-boundaries.aspx
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