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Introduction

This paper enabled candidates of all abilities to demonstrate their knowledge and apply
their understanding of the specification and gave everyone access to marks in all questions.
Responses demonstrated a good bank of physics knowledge carried over from candidates’
GCSE courses. There was good progression with these topics to AS level, and there was a
good understanding of the new concepts that the candidates had been taught. The overall
mean mark for this paper is 6.6 marks higher than the same paper for June 2010 which

is reflected in the grade boundaries. This paper differentiated between all abilities with
questions such as 17 challenging the most able candidates. The calculation questions were
mostly attempted and scored higher than those requiring an explanation across all ability
ranges.

This paper did not penalise for significant figures as this is addressed in the practical unit.
Correct use of significant figures when calculating a quantity or quoting an answer as well
as accurately rounding an answer up or down when reading from a calculator are important
skills and should be reinforced throughout the teaching of the course.

Section A

The multiple choice items in order of difficulty were: 1, 8, 7, 4, 10, 2, 6, 3, 9 and 5. The
vast majority of candidates could answer questions 1 and 8 and at least half the candidates
could answer correctly questions 7, 4, 10, 2 and 6.The remaining responses were answered
correctly by fewer than half of the candidates.

Question 3 required the candidates to describe the displacement between two points, half
a wavelength apart on a spring with a wave travelling along it. The majority of candidates
chose response B, demonstrating that they did not understand the difference between the
direction of wave propogation and wave displacement for a longitudinal wave. Accurate
knowledge of this topic was also demonstrated later on in the paper with question 14.

Question 9 required the candidates to compare the drift velocities of 2 wires of different
cross sectional areas in series in a circuit. The most common incorrect response seen was C
demonstrating that the candidates knew that the drift velocity was double in the thicker wire
than the narrow wire but were unable to express their answer as a correct ratio, showing
poor number manipulation skills.

Question 5 was answered correctly the fewest number of times and, as repeated with
question 15ciii, demonstrates the difficulty candidates have in working out the effect on
both the voltage and current in a circuit when the resistance of a component has been
altered. This question does not test a candidates knowledge of thermistors beyond that
expected at GCSE.
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Question 11 (a)

(a) This calculation was well answered with some incorrect units seen. Some candidates did

have difficulty rearranging the equation and then did not score any marks if they substituted
values into an incorrectly rearranged formula.

(a) Calculate the charge that flows in the lightning conductor during this time.

/= ff“ L AQT et S LSOCO K EY07F.

(2)

Charge = (,C(:-C C

\

<J\/z ResultsPlus

Examiner Comments

A good answer. Equation quoted, re-arranged
and substituted into correctly. Final answer and
unit correct. 2 marks.

(a) Calculate the charge that flows in the lightning conductor during this time.

. -
S000= R %0 = SCOON

Charge = .. g@b m C...

ResulitsPlus
Examiner Comments

his candidate has not quoted the formula and
has just divided the current by the time.
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ResultsPlus

Examiner Tip

Select the correct formula from the back of the
question paper and write it down. Substitute in the
correct values and then rearrange to make the quantity
that you are finding the subject of the equation.

N

Examiner Tip

Incase you do not manage to calculate the final answer
correctly, for most questions, method marks for correct
use of a formula can be awarded.
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Question 11 (b) (c)

(b) Most candidates managed to calculate the correct length from the formula and the
majority of these candidates remembered to subtract 1m from their length to give the
correct height of the statue. Errors with the calculation mainly involved confusing resistance
and resistivity.

The mark for the assumption was not awarded as much, with many candidates referring
to the equation and calculation rather than the context of the statue. The most common
incorrect answer was that the cross sectional area is uniform and constant temperature.
This was often left blank by candidates.

(c) Most candidates scored this mark having some idea why the lightning conductor was
longer than the statue, however, their choice of scientific words in place of strikes or attract
such as 'absorb' needed more thought. Few candidates actually tried to give a general
correct statement about lightning taking the shortest path or strikes the highest point.

(b) The lightning conductor is 1 m taller than the statue and is made from copper, which
has a resistivity of * The lightning conductor has a cross-sectional

ty of 1.7 x 10~ Q.-
area of 1.5 x 107* m? and a resistance of 2.7 x 10 Q.

Calculate the height of the statue and state an assumption that you have made.

(4)

R=PC . 2:7%07 = )V Ix109 5 &
A T RE-STY o
__L>_r___l.-..7>«ld g —L-E b.05x\o" 7 o
Height of statwe = 2. 2 - §2m~

Assumption: ......... /n\L e RN

(N

(b) Calculation carried out correctly. Assumption given relates to the
physical property of the metal and not the length/position of the wire.

Examiner Comments

(¢) Incorrect comment on current in wire once lightning has struck it. The
question was looking for a comment relating to the idea that lightning takes the
shortest path, whereas the candidates have confused this with a discussion of
lightning taking the path of least resistance.

6
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(b) The lightning conductor is 1 m taller than the statue and is made from copper, which
has a resistivity of 1.7 x 10 Q m. The lightning conductor has a cross-sectional
area of 1.5 x 10* m? and a resistance of 2.7 x 107 Q.

Calculate the height of the statue and state an assumption that you have made,

(4)
Rep,oA ok &AN.:.LiLuiih__iﬁuilﬁ._
RA2 pC o I 7"'0 Sm

: 234
23ga-

Height of statue = 12 Em.

ssumption: T‘\ﬂ. ..... '] Mbocd'?‘ vér £ bt
Assumpti ‘.aaLb-a, pertedly. c’ﬂ-‘g

(¢) Suggesl why the lightning conductor is taller than the statue,

(1)

WM(“W |w4 f” v resletonce than aum
s o A ‘wgh- Mo e .Stotu. A ﬂuykl‘ ba

MMSWM&“{

(Total for Question 11 = 7 marks)

ResultsPlus

Examiner Comments
(b) Correct calculation, unit and assumtion.

<J\ﬂ ResultsPlus

Examiner Comments

(c) Correct statement of physics and then
discussed in terms of if the wire was shorter
than the statue. 1 mark.
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ol : ) )
hgb\jmd - B i n C Fx0" a)(t)
Tz = S ey
e ,s x10™) =
o
e L = 23,823

R P T T ey B T
Height of statue = ... 22 . Bm

Assumption: . Thes Khe ovea 3  conSteat tRye },wﬁm veod,
e ftodts —fa, (23 H0Ace WS c.az.

(c) Suggest why the lightning conductor is taller than the statue.
(N

Stotree . TL th wWasS | Synahss e
samm.m Stocbua MItead

e paeTE A
r‘&g\@"»(-ﬂ\j e Vity

(Total for Question 11 = 7 marks)

ResultsPlus

Examiner Comments

(a) Calculation correct, equation substituted
into and then rearranged.

ResultsPlus

Examiner Comments
ypical incorrect assumption relating to the
cross sectional area.

ResultsPlus

Examiner Comments

(b) Idea that lightning will strike the highest
point. 1 mark.
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Question 12 (a) (i)

Most candidates managed to score the full 2 marks here. Candidates managed to
successfully select the speed of light from the data sheet. Candidates that only managed to
score 1 mark lost the mark mainly through errors of power of ten, either in the substitution
of the speed of light or misreading or omitting the power of 10 when reading their final
answer from the calculator. Very few incorrect answers were due to omitted units.

Some candidates used E=hf with the energy given in part (ii) to calculate the frequency.
This method scored 2 marks but is not to be encouraged as there could be a change in
conditions between parts in a question which a candidate could miss.

12 The diagram shows the lowest three energy levels of a hydrogen atom.

-34

Energy / eV

-13.6

a) Excited hydrogen atoms can emit light of wavelength 6.56 x 107" m
(a) ydrog 8 g

(i) Calculate the frequency of this light.
(2)

:h='-'UUj

j: E*Lif;_é_.m Qﬁq-l ,.[o (2

14
Frequency = 4—.1"2. x lo. Hz

ResultsPlus
Examiner Comments

quation correctly quoted, rearranged and
substituted into. 2 marks.

GCE 6PHO2 01

9




12 The diagram shows the lowest three energy levels of a hydrogen atom.

-3.4

Energy / eV

-13.6

E;\n{.

(a) Excited hydrogen atoms can emit light of wavelength 6.56 x 10" m,

- L ehy
(i) Calculate the frequency of this light. £
(2)
VA | o
L Eee D . 3.0%10% =fxb Sk
B SR TSI . SRR

2 G.SE”O"-F '
Frequency = G 5_’ Mz

<J\/j ResultsPlus

Examiner Comments

Carelessness when copying the answer from
the calculator meant that the power of 10 was
missing from the final answer.
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12 The diagram shows the lowest three energy levels of a hydrogen atom,

-1.5

3.4

Energy / eV

-13.6

(a) Excited hydrogen atoms can emit light of wavelength 6.56 x 107" m.

(i) Calculate the frequency of this light,

~12:6x (6w = ﬂ@l (76X (5’?)
C‘ 2176 x16") = (¢ G3x 16 “Qx(f/ .

e R (~2.176x16"%) <. -z.2822105
e ——
(6’.6.;}( "o-ﬂr) Frequency = ... 22"3 2. X [pK.

<J\ﬂ ResultsPlus

Examiner Comments
Incorrect attempt to use E=hf as the candidate
did not realise that the energy had been given
to them for this frequency of light. As this
method uses data from another part of the
question, no credit could be given for using the
formula E=hf.

p :
\ ResultsPlus

Examiner Tip
All the data you need to answer that part of the

question will have been given to you. You do not need
to look ahead for information.
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Question 12 (a) (ii)

Most candidates managed to convert from joules to eV correctly. Realising that the energy
levels involved were the -1.5 eV and the -3.4 eV most did not see the significance of the
from and to written on the answer line. Whether they did not rememeber that the light
was being emitted rather than absorbed, or just did not understand the difference between
the two mechanisms, they mainly wrote the energy levels in the wrong way round on the
answer line.

Many candidates just assigned the given energy levels numbers without indicating on

the diagram which energies these levels corresponded to. Answers such as from 3 to 2
were common. In these situations, unless a correct conversion from J to eV or an energy
transition in eV converted to joules were seen, no marks could be awarded for this question.

(i) The energy of a photon of this frequency is 3.03 x 10°'? J.
By means of a calculation determine which electron transition emits this photon.
(2)
. -(a
ey = 140x 0™ B _(3_£>bxlo *) *@ "?"_1_0__\_ c -89

3415 = (:Q

from .. =\S I ST .

ResultsPlus
Examiner Comments

Energy correctly converted from ] to eV.

Results+lus
Examiner Comments
Substitution of energy levels shown, albeit the

wrong way round, and then written into answer
line in correct order.

12
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(i) The energy of a photon of this frequency is 3.03 x 1077 J,
By means of a calculation determine which electron transition emits this photon.
S e v
s ..'.t..'é..'.‘lc.“.‘. o \ -4 .
—1.5--3.4 = \.q
from -\.8 to . -3 4

+IUS
Examiner Comments

Correct energy in eV, levels have even been
subtracted from each other the correct way
round but the candidate has failed to see the
significance of the positive 1.9 as a difference of
the energy levels and has then gone on to write
them in the wrong way round on the answer line.

)\

Examiner Tip

When using energy levels, make sure that you know
first whether the transition is due to an emission or an
absorbtion so you know which way the electron has moved.
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<J\4 ResultsP

E-h)

(i) The energy of a photon of this frequency is 3.03 x 107 J.
By means of a calculation determine which electron transition emits this photon.

(2)
o3 913 s \Q g X e

mLC-e3k = e 60 X 0T

from M . l;). _ _\M
-1, 5 -3.4

us

Examiner Comments

Energy transition worked out first and then
converted from eV into joules. No value seen of
the energy in joules but this is just an interim
mark for the method and no answer in joules is
required. Correct transition seen. 2 marks.

14
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Question 12 (b)

Most candidates managed to score at least 1 mark for this question. Given that this question
is based on a topic that many candidates would have been taught during their GCSE course,
it was requiring no further knowledge. However, many thought that the question was not
about red shift and the Doppler Effect but, in the context of the earlier parts question, was
referring to the use of absorbtion spectra to identify elements in stars. Hence answers
where they talked about the galaxy containing different elements to that of the sun were
seen.

Candidates whose thinking was on the right track and had the idea that this was redshift
etc. did not always relate their findings to the galaxy and jumped straight to the standard
response that the universe is expanding. As the expansion of the expansion of the universe
is not in the specification for this module, we were looking for an understanding that with
the Doppler Effect, with an increasing wavelength, the object is moving away from the
observer. Therefore relating the physics to the context of the question, it has to be the
galaxy moving away. Some candidates were aware of the inability of the observer to tell
whether it is the galaxy moving away from us or we were moving away from the galaxy.
Both explanations scored the mark.

(b) The spectrum of light from the Sun has a dark line at a wavelength of 656 nm. In
the spectrum of light received ffom a distant galaxy, the corresponding line appears
at a wavelength of 690 nm.

Explain what the observation tells us about this galaxy. Do not include calculations
in your answer.

hes taan. 'Pcw;am@ o doppler e ttee
- S"—" 'du QM g moriy Mr(ﬁlaﬂnu 12 = 6 marks)

Examiner Comments

Good answer. Scores 2 marks.

GCE 6PHO2 01
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(b) The spectrum of light from the Sun has a dark line at a wavelength of 656 nm. In

the spectrum of light received from a distant galaxy, the corresponding line appears
at a wavelength of 690 nm.

Explain what the observation tells us about this galaxy. Do not include calculations
in your answer,

et wowekengS cue Mg 4pnods Hao
edend of Yae echnam, bngwn On e

<‘J\ﬂ . . (Total for Question 12 = 6 marks)
ResultsPlus

Examiner Comments

The candidate has the correct idea that the
change in wavelength has caused a redshift but Examiner Comments
has confused the ideas of the universe expanding

and the galaxy is moving away from us. Just 1 mark awarded for the idea of red shift.

(b) The spectrum of light from the Sun has a dark line at a wavelength of 656 nm. In
the spectrum of light received from a distant galaxy, the corresponding line appears
at a wavelength of 690 nm.

Explain what the observation tells us about this galaxy. Do not include calculations
in your answer,

(2)

This_chserwkon tolls ne Theh s ool b o

Similar  Slar bl o s 08 ©ur Sto. Condish
Mool 6F Héclmcjm ord, e woneleng  recerd from
e dMot oot i shalee ke Qowelenoh of Job-
PN gn-o-1

arited Do oxitod, g aloms.

Examiner Comments

Misunderstanding of the term 'corresponding line'
so that the candidate thinks that the question is
asking them to compare the composition of the star
and the galaxy. 0 marks.

16
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Question 13 (a)

This question was answered very well with most candidates scoring the full 2 marks.
Candidates chose to display the answer in a variety of ways, with 0.021 A, 2.1 mA and 2.1 x
103 A seen.

(a) Calculate the input current to the adaptor when it is in use,

220 v —(Q v Lzaldcdd
L3 _{'Cff =.

]n.pu.l. c-u.rrcr.u C(‘ ?. C( /([5‘56 7
g\ﬂ ResultsPlus

Examiner Comments
his candidate has rearranged the equation incorrectly and then
substituted in the values. This was the most common reason
for canddiates to lose mark. As the formula is given in the back
of the booklet, this reinforces the need for the good practice of
quoting, substituting and then rearranging a formula.

GCE 6PHO2 01
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Question 13 (b)

(bi) This question seemed to confuse candidates as many were thinking about the 3 mark
guestion from last June's paper and showed from first principles that volts x amps = watts.
Here we were just looking for a simple equivalence of units from quoting P = VI and then
substituting in the correct units. Both methods scored the mark. Some candidate showed
that VI is measured in VA but forgot to mention that the power is measured in watts.

(bii) Answered well. The majority of candidates scored the 2 marks. Any 1 mark
responses seen were due to the omission of the % with the answer.

(biii) Most candidates were awarded a mark here. It was good to see so few responses
with 'transferred to the surroundings' and that candidates trying to apply energy changes
to context of the question. Some candidates did show a lack of understanding of the
mechanism of the charger and referred to the power loss due to the internal resistance of
the battery which did not score a mark.

(b) The adaptor’s output is labelledas 5V 0.1 A 05V A

(i) Show that the unit V A is equivalent to the watt.
(1)

= T \
N= g = ’ﬁa e N N D
SA' s o x. A= JsT
W= s

(ii) Calculate the efficiency of the adaptor.

v [ 22 (&2 ‘
w5 (T5) X100 =10 46t 4

Efficiency = .1 Q.. 5t Zo.

(iii) Suggest a reason why the efficiency is less than 100%.
(1)

Thace..is...a \OCGe. L INREN0). £RSISTRNS & of . H.. 0AQpkeL....

.fQ‘a.uhHGQj 0. Ca _\u;cl_cz o o0 oSy uoles

<J\\:Z ResultsPlus
Examiner Comments

b(i) Answered using first principles. Scores 2 marks
b(ii) Correct ratio of powers x 100 , 2 marks.

b(iii) Source of energy loss identified but the candidate
has not related this to the efficiency by mentioning that
there is a power loss or energy loss due to the internal
resistance of the adaptor. No mark awarded.

18
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(b) The adaptor’s output is labelled as 5V 0.1 A 0.5V A

(i) Show that the unit V A is equivalent to the watt.

/\;’O'E.’S—V (1)
M P=\/ = frps .

| whatfs

(ii) Calculate the efficiency of the adaptor.

o\ (2)
3 ;-\f’a—fp'f‘—
o =00
N W OCOUT¥ o
17 %
Efficiency = . 2. <
(iii) Suggest a reason why the efficiency is less than 100%.
(n

 Becaue  MSome  of He ?M'arj s vsed
kr of/%deﬂ/' sovrees.

o

b(i) P = VI seen and W = VA. 1 mark.
b(ii) Ratio of voltages used and not power. 0 marks.
b(iii) Too vague. we needed to see a cause or a specific energy transfer.

ResultsPlus

Examiner Comments

Examiner Tip

Remember that efficiency is a percentage based on the
ratio of the input to output energies or powers as given
on the formula sheet in the back of the exam paper.

GCE 6PHO2 01
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(b) The adaptor’s output is labelledas 5V 0.1 A 05V A

(1) Show that the unit V A is equivalent to the watt.
(n

AC(.O(‘[L'Aj to 4 qu,a,t-iof\ P=vI
RN

0.SVA = SV x 0.\ A

(ii) Calculate the efficiency of the adaptor.

48 00: 6%
S

Efficiency = qe Yo .

(iii) Suggest a reason why the efficiency is less than 100%.
(n

The by has an MEmal  resistaace whidh s wok

g\ﬂ ResultsPlus

Examiner Comments

b(i) 1 mark.

b(ii) Ratio of input power to output voltage used. 0 marks.
b(iii)Internal resistance of the battery mentioned as the
candidate has not fully understood how the charger works.

Also no mention of energy or power loss due to this cause.
4 ResultsPlus
Examiner Tip

If you are describing an efficiency it has to be in terms
of power or energy.

@ ResultsPlus

Examiner Tip

Try to spend a little more time thinking about what is going on
in the example you are given before answering the question.
Although you will have learnt the physics that you are being
tested on, the application may be new to you and you need to
understand how, in this case, the charger works.

20 GCE 6PHO2 01



Question 14 (a-b) (i)

(@) A very detailed description was required to score both marks. Most candidates scored

1 mark for a partial definition of both transverse and longitudinal waves. Most candidates
who missed out on the second mark failed to say what the direction of travel was for i.e. the
wave.

b(i) Most candidates managed to identify that it would be a longitudinal wave travelling
through the rod. However, nearly all candidates did not understand the mechanism of the
hammer hitting the rod horizontally to cause the longitudinal wave and chose to describe
the criteria for a longitudinal wave instead, repeating the answer to part (a) and scoring a
maximum of 1 mark.

GCE 6PHO2 01
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/| /oqgé\'u@imi waves ha wbm}dk}j Mo&b Which oser
Osaillofe along e reckion c} fprtmﬁa%m N a serierof

COMPED oA ad rartfarhons €5 Sound Lan-ey @Mmh
ﬁ@ hamsverse waves ascillafes of M angles b Ha
W

direchon "& gre aon €. hg WAEA |, Tromsverte s
(b) A teacher setslhp the fdllotethg demonstration To show that the speed of sound in an €&

aluminium rod is greater than in air. N e vosgia M,
(larb.s hudi il WaNT connaf,

An aluminium rod MN of length 1.2 m is suspended horizontally by two wires as

L1111

Wire Wire

Hammer M N

€ 1.2 m B >

Aluminium rod

A wave pulse is made to travel along the rod and reflect from end N. The wave
pulse is produced by hitting end M gently with a hammer so that the hammer
remains in contact with end M until the reflected pulse returns.

(i) State and explain whether the wave pulse is transverse or longitudinal,
2

tovx_gi}wglnai N r:m’fnu{v; o made fo  vibrake o
HNL AW L’on{'m wl,'q’\ a merobf;on Oﬂar‘irttr’ }’HHLtlj
Fre e)f@) ond e wane wwmma rczrc}abks/
oxcillaken along e Direchion affomm@/nan.

<J\ﬁResults'%alus

Examiner Comments

A rare example of a candidate who managed to score both marks for
both sections.

b(i) The candidate has realised that the hammer hitting the rod causes a
compresssion so the wave must be longitudinal. Without mentioning the
hammer in the is answer it was very difficultt to score the mark as we
were looking for the cause and then the effect i.e. a longitudinal wave. As
the hammer caused the waves, it really is required for this explanation.
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14 (a) Describe the difference between a transverse wave and a longitudinal wave.,
(2)

X ﬁ\ éﬁﬁyﬂb Lgee, @,f,i_\n'ws E)QS‘@J\C’L\(,UL" éo d;ft'CQiof\ (@)
byoce)
x R l(_)w):‘cugwx\ Wooe, Cf{iu\akdé;_ in E}._ d'\t:ck'om
k).

(b) A teacher sets up the following demonstration to show that the speed of sound in an
aluminium rod is greater than in air.

An aluminium rod MN of length 1.2 m is suspended horizontally by two wires as

L1110

Wire Wire

Hammer "‘ M NJ

1.2m >
Aluminium rod

A wave pulse is made to travel along the rod and reflect from end N. The wave
pulse is produced by hitting end M gently with a hammer so that the hammer
remains in contact with end M until the reflected pulse returns.

(i) State and explain whether the wave pulse is transverse or longitudinal.

X o The Vo gdie o lolodd Ahio s betse G
MW \\‘Q\'f\\) (.”J'ﬂ. Mﬁu B C‘—\uf:) Pﬁédﬁ) ét:; U:brt,&
@""bi b 0n, Uv_ Wy .

esu us

Examiner Comments

(@) Incomplete definition. Scores just 1 mark.

(b)(i) Correct wave identified. Candidate has started
to describe what it happening but has missed out the
missing link of the hammer and the compression.
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Question 14 (b) (ii-iii)

(b)(ii) Most candidates could successfully use the equation speed = distance/time. However
many candiates forgot that the wave was travelling to the end of the rod and back again,
hence forgetting to halve the distance or double the time. Most scores seen were either 1 or
3 depending on if they had remembered this.

As in the context of earlier and later parts of this question, some candidates tried to use
c=fA which did give the correct answer but scored no marks.

(b)(iii) Most candidates misread this question and thought that it was asking them to
describe how the sound is heard rather than how it is created. Many responses were in
terms of vibrating air molecules rather than vibrations of the atoms in the rod.

-

(i) The hammer remains in contact with end M for a time of 4.8 x 104 s,

Calculate the speed of the wave pulse in the rod.
’ S (;pfff_& =Alsfence.
e

SPeeds LC o= 20oms

-8 )&{O—hq—.

| Speed in rod = ? S‘if)mg—-t
(iii) When the rod is hit, a sound is heard,

Suggest how this sound is created.
(1)

Craoeed tfj rbicles .u.me&rfj-__. R

%\:Z ResultsPlus

Examiner Comments

(ii) Distance has not been doubled or time
halved.1 mark only.

(ii) Correct idea but they could be referring
to the air or the rod. Not specific enough to
describe the cause of the sound. 1 mark.
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(i) The hammer remains in contact with end M for a time of 4.8 x 107* s.

Calculate the speed of the wave pulse in the rod.
(3)

pcd = be9xi0s. . AR (= T = 1083 Brk(id)
beasih oF obondimusa VoS (S [ Zua . S0 wmaeelomgih
1. U Zpan ) _
va AxE vz 12 % 2083 3.
V7 2500ms
Speed in rod = . 2500nsa"" . ‘

(iii) When the rod is hit, a sound is heard.

Suggest how this sound is created.
(1)

when e od (s hal i C@usen uilbahoa (a -he

AN SRD. O . SOUALS ..

Examiner Comments

(ii) ¢ = fA method used so no marks.
(ii) 2 marks.

GCE 6PHO2 01
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Question 14 (c)

This question was answered very well with most candidates scoring at least 1 mark, mainly
for identifying that the wave has been reflected. Very few diagrams seen, these were
mostly unlabelled so were unable to be given any credit. Although the concept of standing
waves could be described well, there was some discussion of phase and coherence, which
was ignored but did show some confusion between standing and progressive waves.
SuperIMposition (which is incorrect) seen fewer times than usual. The ideas of the wave
reflecting, or higher ability candidates discussing it in terms of two waves travelling in
opposite directions, and nodes and antinodes were the most common ideas to be seen.
Fewer candidates mentioning the same frequency.

(c) A standing wave is set up in the rod.

Explain how a standing wave is formed.
3)

- When 8 wave travels £rom.one end to another, it 1eglects
- baCk, causing the. retlected wave and he original wave
- 8E0t £0 SUPETPOSE: e POSITTONS of INe. Crests and. troughs
~femain.constant.and 8. senes of ani-noades cduete
_.constructive. intereerance) and Nodes (due to deswuctive
. ADEEKTANEY Areformed s Tis, inurn,1e astanding wave .

(Total for Question 14 = 11 marks)

ResultsPlus

Examiner Comments

A typical answer scoring all 3 marks.
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(c) A standing wave is set up in the rod.

Explain how a standing wave is formed.
(3)

Whee & pore. 9ppedrs o be. Ok 8,@&\'&:1:5 nof,
%(_)5(; haz o o’eﬁmﬁwﬁ end G?A/ijﬁﬁfGCIZS 265 pﬁh'n
It [cﬁéﬂfq l\tQ EAAS R B

(Total for Question 14 = 11 marks)

w Examiner Comments
Diagram attempted but not completely labelled. An
arrow identifying the antinodes and another showing
that the 2 frequencies would have scored this response

2 marks. As it stands it gets no marks.

OO ResultsPlus

Examiner Tip
Always label diagrams in detail when attempting to use
them as part of an explanation.
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Question 15 (a)
(a)(i) Nearly every candidate labelled the voltmeter and ammeter the correct way round.

(a)(ii) Over half the candidates were unable to label Z correctly. The likelyhood

for a candidate , for seeing 0 volts on the voltmenter, would be to place Z at the top or
bottom end of the resistor but on most incorrect responses, Z was placed randomly around
the circuit.

The concept of potential dividers continually confuses candidates from year to year and
needs to be addressed, whether it be through additional practical work or simpler examples
given initially when it is taught so that candidates can appreciate the fundamental idea that
the voltage across such a device can change, depending on how much of the device is in the
part of the circuit that the volmeter is connected across.

f

15 (a) The diagram shows the circuit used to investigate how the current varies with
potential difference for an electrical component P. The circuit contains an ammeter
and a voltmeter.

[y

___:T__.__.
|
—

(i) On the diagram, label the ammeter A and the voltmeter V.
(1)

(i) The position of the contact of the potential divider is moved so that the reading
on the voltmeter becomes zero. Label this position Z.

(1)

ResultsPlus
Examiner Comments

(i) and (ii) both correct.
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—

15 (a) The diagram shows the circuit used to investigate how the current varies with

and a voltmeter.

—

T
I
I
—

-]
&

(i) On the diagram, label the ammeter A and the voltmeter V.

on the voltmeter becomes zero. Label this position Z.

<J = .
Results¥lus

Examiner Comments

(ii) Although the position of Z is not exactly on
the resistor, as the reading on the voltmeter
would also be 0 volts, this postition was allowed
for the mark.

—
| ®
1
7
Z
(i) On the diagram, label the ammeter A and the voltmeter V.

on the voltmeter becomes zero. Label this position Z,

ResultsPlus

Examiner Comments

A typical incorrect answer.

potential difference for an electrical component P. The circuit contains an ammeter

(1)

(ii) The position of the contact of the potential divider is moved so that the reading

(1)

(n

(i) The position of the contact of the potential divider is moved so that the reading

(n

GCE 6PHO2 01
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Question 15 (b)

(b)(i) Virtually all candidates could read the correct value from the graph. Resistance was
usually found correctly. Some candidates did try to find the gradient of the graph, scoring
only 1 mark for use of the formula V=IR.

(b)(ii) Candidates found this question more challenging, many trying to describe the shape
of the graph rather than explaining its shape. Some candidates did think that the graph
was ohmic at small currents and a mark was given for this. Most candidates could identify
that the temperature was increasing but not identify that it was the current causing the
increase and not the voltage as commonly seen. Most candidates managed to get a mark
for the idea that the resistance is increasing. At this point only the most able candidates
were able to get the last marking point about the rate of increase of the current decreasing.
Many attempted to describe the decreasing gradient but were too vague, just mentioning a
smaller increase in current as the voltage increases.

This problem with describing rates was repeated in question 16aii as to try to describe

non linear graphs without a mention of rate is much more difficult. It is expected that
candidates will be taught to comment on trends/pattern seen with data obtained in the
practical aspect of the course (6PHO03, section d, statement A5)and an understanding of the
terms linear, proportional, directly proportional, rate is expected from candidates.
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electrical components P and Q.
0.9-
0.8 1
0.7

0.6

(b) The graph shows how the current / varies with potential difference V for two

R:v/

H

Fo... caleuvlare

(\ (25155 anC €. .
——

ViV

(i) State the value of the current for which the resistance of P is the same as the
resistance of Q and determine this value of resistance.

Current = 0.5 A

.ﬁ: ,I_f?/(’). 7¢ - [3.3

Resistance = f3 3.

*(i1) Component Q is a filament lamp. Explain the shape of its graph.

(3)

r )3 POOQNONFICAAFE. ... ID V.. bw¥....;rek

_.QL'f.fc..‘fj ;—&.Ué’/orcf: rhere. (5 i i L RRAT MO

/af roral. ‘. ler M( .

<'; Resultstlus

Examiner Corﬁments
(b)(i) 3 marks.

(b)(ii) No marks as candidate has just attempted to
describe the shape of the graph and not explain it.

Results+lus

Examiner Comments

A range of features presented, but the
answer could have been improved with
reference to ‘nearshore’, ‘background
‘etc - which would provide more
structure to the answer.

-
OO ResultsPlus

Examiner Tip

In this case you need to see what has increased initially
(the voltage) and then what has increased as a result of
this increase (the current) and then describe the effect
that the increased current has on the material eg heating
effect, resistance increases and then relate this back to

the graph eg the rate of increse of current now decreases.

GCE 6PHO2 01
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(b) The graph shows how the current / varies with potential difference V for two
electrical components P and Q.

0.8

0.7F

0.6 =

0.5 -HH

0.4

0.3

0.2

0.1

Viv

(i) State the value of the current for which the resistance of P is the same as the
resistance of Q and determine this value of resistance.

Current = 076 A .

% \/=TP o
-
% Rcsistance=....’\.37...‘3‘.’.‘cﬁf S

*(ii) Component Q is a filament lamp. Explain the shape of its graph.
(3)

Pe&m?%z‘utﬁo(gb@wfef(’@ﬂr@{mf 1S [ncrfeBeol So
%Qs&.ﬂ ) NINE S T it MSes. tre JPJSGI&MAQ,

Lerases... . Crfwb [b NG ) N fm.«_s At@/ﬂ»
lorS.. b T‘mfcj’f"«’Su) As. é@_._rﬁ(@éfo.-sﬁ.ﬁp NEIR
Fosers g Mo on s, - Lo 18500 MaoS el

c _qu_*_w_' C-.wff’d\f 'S, P_r.;;m@;g____ (_"c’?_ O"f’"@ (22 S&.W‘?a P. oA

<J\/i ResultsPlus

Examiner Comments

(b)(i) All 3 marks.

(b)(ii) The candidate has implied that temperature increases due to the
increasing voltage but correctly identified that the resistance increases. 1 mark.
They have attempted to describe the decreasing rate of increase of current but
have not quite described the idea that for the same voltage increase, at higher
voltages, a lower current is produced.

32
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(b)(i) 3 marks.
(b)(ii) 3 marks, increase in current at a lower
rate correctly described.

(b) The graph shows how the current / varies with potential difference ¥ for two
electrical components P and Q.

0.9 g

0.8 b

L

0.7

0.6

0.5

IiA
0.4

0.3

0.2

Viv

(i) State the value of the current for which the resistance of P is the same as the
resistance of Q and determine this value of resistance,

{3)
Current = O XSA ...
DAY o R v
Resistance =, V% L.
*(ii) Component Q is a filament lamp. Explain the shape of its graph.
(3)

Ban T astenk.. i Koy, s ko B O LY NV SV VO VN v T P,
mwu-, e D AT b L S0 .:}on.h... A "W?M"\- e comsts
B RN PR P+ S PSS N S YA PSN VST PX ST < L{ ¥ S JUPRIE FTPA S S Ny

b ASUASAS. A ua\h@» ﬁuam..m. kaﬂh A .;,m\}. B R —

Examiner Comments
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Question 15 (c) (i-ii)

(c)(i)This question was not well answered and, along with 15ciii demonstrates a poor
understanding of Kirchoff's laws. Most candidates failed to realise that they had to read two
currents from the graph, those who did find 0. 3A and 0.5 A did usually remember to add
them together. Candidates were also seen to read the current from the graph at 8V and
getting an answer of 0.6A, not realising that the graph is not for component R but for P and

Q.

(c)(ii) Candidates managed to score better in this question as the incorrect current found in
part (c)(i) was allowed as an error carried forward. The most difficult part for the candidates
was to realise that, as they were finding the resistance of R, they had to use the potential
difference across R of 8V and not 4V. Once the values to be used were identified, candidates
could use V=IR successfully but often did not score any marks for this question as they did
not have the correct voltage.

34
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electrical components P and Q.
0.9 T I
oo F R R
0.7
PO {EEc =
0.5

0.4

0.3-

(b) The graph shows how the current / varies with potential difference V for two

(c) A potential divider consisting of component P and a resistor R is connected to a
12 V supply. The lamp Q and a voltmeter are connected to the circuit as shown.

_T_ R

| T
12\/’l —

p

N 12U=4\N =3V
| p= St 1=06.A
| . ) 4 o

ab A

(11) Calculate the resistance of the resistor R.

Current =

gv

P== =

Examiner Comments
(¢)(i) Incorrect voltage of 8V used to read from
the graph. No marks.
(c)(ii) Correct use of V=IR with the incorrect
current from part (i) and the correct voltage of
8V. 2 marks.

The supply has a negligible internal resistance, The reading on the voltmeter is 4.0'V.

(i) Use the graph in part (b) to determine the current in the resistor R.

(2) I

Examiner Tip

As there is not a graph for the pd across R
remember that the current through R is the sum
of the individual currents through P and Q which
can be found from the graph.

GCE 6PHO2 01
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(b) The graph shows how the current / varies with potential difference ¥ for two
electrical components P and Q.

0.9

0.8

0.7

0.6

05
1/A
04
03
02
0.1
12
viv
__|__ R
12V !
L p
-‘7 ®Q *- oV

The supply has a negligible internal resistance. The rcadiﬁg on the voltmeter is 4.0 V.

(i) Use the graph in part (b) to determine the current in the resistor R.

-\afﬁﬁis-: ?Q%QJTXQxaﬁﬁk..

Vi 0.

Current = . 2.3 A

(ii) Calculate the resistance of the resistor R.

DR e Yo L 133

Resistance = [T T o N

ResultsPlus

Examiner Comments

(i) Only 1 current read from the graph. both currents are
needed for the first mark.
(ii) 4 V is the voltage across P and Q and not R so no marks.

(2)
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Question 15 (c) (iii)

Over half the candidates gained a mark for identifying that the reading increases.

The explanations that accompanied this statement were mostly incorrect with many
candidates describing how the current only has to go through 1 component so will increase
so there will be an increase in the voltage. Any attempts to describe the effect in terms

of current did not score. Good answers correctly described how the resistance of p is now
greater than when it was in parallel, voltage increases across P and hence voltmeter reading
increases.

(iti) The lamp Q is removed.

Explain, without further calculation, how the voltmeter reading would change.

The amount. ¢ voltage woukd. remann
m;».____5wm__\__a,g_____i_cu.m( Q s renroved. Thas
s, because e tha voltage would Mmaun
Hhe sanar, o e araidt s podled .

(3)

ResultsPlus

Examiner Comments

Scores no marks.

(3)

TZJL ré»{kjumf}fk inacte gy T rosition, in (. crbb e emoned

Jd" LéaZ;m t‘o lrnaker oy rediny M@%mem
4[37—2.— v . u{;-;r—am o7 bt zaarSen O&Ly Hogbort
pmnmfuﬂiymwfcb (’ ’T-fw; il oo Ve THod repitivne.

<7/x7¢lﬂ ol ‘ _ _ (Tntal for Question 15 = 15 marks)
ResultsPlus

Examiner Comments

Scores 3 marks. The candidate has clearly
discussed and understood the change of
resistance of the section the voltmeter is
connected across and hence the increase in
voltage and voltmeter reading.
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Question 16 (a) (i)

This was mostly answered well with candidates able to show the greater refraction at both
boudaries caused by the increase in density of the sugar concentration. For the second
refraction boundary some candidates drew a line leaving the prism, parallel to the other exiting
ray, not realising that it would have a greater angle of refraction as the refractive index had
increased.

Some diagrams were seen where the lines had been drawn without a ruler, just as a candidates
would never draw in a ray during a pactical without a ruler, they should extend this to
theoretical work when completing ray diagrams. All candidates should bring a ruler to an A level
Physics exam.

16 (a) Refractometers are used in the food manufacturing industry to measure the
concentration of sugar in different drinks. As the concentration of sugar increases,
the refractive index of the liquid also increases. A simple refractometer uses a
hollow prism shape that can be filled with different liquids.

(i) The simplified diagram below shows a ray of light passing through a prism
filled with a liquid.

The liquid is replaced with one of a higher sugar concentration.

Using the same incident ray, draw the new path through the liquid and out of the
prism,

<J\/7 ResultsPlus

Examiner Comments
nlikely that the change in density would be so
great to cause the ray to reach the top face of the
prism, however, the refraction at the first boundary
has increased so 1 mark. The refracted ray on
exiting the top face does not bend away from the
normal so no mark awarded for that ray.

(2)
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16 (a) Refractometers are used in the food manufacturing industry to measure the
concentration of sugar in different drinks. As the concentration of sugar increases,
the refractive index of the liquid also increases. A simple refractometer uses a
hollow prism shape that can be filled with different liquids.

(i) The simplified diagram below shows a ray of light passing through a prism
filled with a liquid.

Y

The liquid is replaced with one of a higher sugar concentration.

Using the same incident ray, draw the new path through the liquid and out of the
prism.

ResultsPlus

Examiner Comments

A good answer, scores 2 marks for the 2 correct
refracted rays drawn.No marks were awarded
for seeing any normals but the candidate here
was not able to draw either correctly.

16 (a) Refractometers are used in the food manufacturing industry to measure the
concentration of sugar in different drinks. As the concentration of sugar increases,
the refractive index of the liquid also increases. A simple refractometer uses a
hollow prism shape that can be filled with different liquids.

(i) The simplified diagram below shows a ray of light passing through a prism
filled with a liquid.

A

L]
The liquid is replaced with one of a higher sugar concentration.

Using the same incident ray, draw the new path through the liquid and out of the
prism,

(2)

ResultsPlus
Examiner Comments

Exiting ray is parallel to the original ray. Just 1 mark.
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Question 16 (a) (ii-iii)

(a)(ii) Most candidates could identify that as the concentration increased the displacement
increased. In this question we were not asking the candidates to explain the shape of the
graph but describe the relationship between 2 variables. Therefore, a further comment

to describe how one increased in relation to the other was required. Answers such as

not linearly, exponentially, displacement is proportional to %? were acceptable as a way
to describe the increase. Again, attempts at describing the increasing rate of increase of
displacement with concentration scored poorly unless rate was mentioned.

(a)(iii) A curve of best fit was expected for these 2 marking points. 68% and

72% were seen from some candidates as the percentage of sugar concentration when the
displacement is 88 cm. Candidates had not realised that one 2mm square represented 2 %
and not 1% of the concentration.

40
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(i) In practice, a laser beam is shone through the empty prism. The position of
the emergent ray is marked on a screen. The prism is filled with a liquid of a
known sugar concentration and the displacement on the screen is recorded.
Displacement
LASER >
Screen
This is repeated for a number of different known concentrations.
The graph shows how the displacement varies with the sugar concentration.
110 - I ——— T : T
; HAHE A R 1 I 1F T
Displacement - N S E m
/em 100 ! ! ‘
90 - JENEN
| e
| 20 - et
k-
70 y
60 - - =
50 T
40 :
0 20 40 60 80 100
Sugar concentration / %
Describe how the displacement varies with sugar concentration.
(2)
As e 5u5a-.rc.ov1c-e.r\bf¢~flcm oancreases, S
sasplocen~ent  \Aovcages

ResultsPlus

Examiner Comments

(ii) Basic answer scoring just 1 mark for a simple comment
that as the concentration increases so does the displacement.
(i) Curve of best fit drawn and a value in the accepted range
for the concentration. 2 marks.

GCE 6PHO2 01
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Displacement

LASER

Screen

This is repeated for a number of different known concentrations.

The graph shows how the displacement varies with the sugar concentration,

110

Gasssanistnaceeset tvssdansesgRsIsgssRsRsINr JENas
BEEE S EE= ER RN =1t -t 1t 1t (I 1=t
Displacement H T !!Zi R AR esrncena IRnaR 11} o
; T | i N A
/ em HA i:!xﬁ’r:
oI e SEE IR EaRAREAE Padfiis
nus HH MRS ol EEmuE
T

Sugar concentration / %

Describe how the displacement varies with sugar concentration.
(2)

\k‘l— \N\AU }\Q_Qr.;“\uf\\f U\(‘\ ™LX, Ruj'

\ e

)L»Q_.\c(cyaz/ \l\,»‘c— “ﬂ\ﬂkkq*\\\‘ .

(iii) A sample of unknown concentration produced a displacement of 88 cm.

Draw the line of best fit on the graph and use it to find the sugar concentration
of the sample,

(2)

(a2}
Concentration= . ; ‘7%’ [
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g\ﬂ ResultsPlus

Examiner Comments
(1f) 1 mark for an increase in concentration the
larger the displacement. The candidate has
tried to extend their answer by mentioning
correlation which does not get them the second
mark for this description.
(iii) A line of best fit can include a curve if
that is the trend that the data has.Here a line
has been drawn and not a curve, so no marks
awarded.

\

ResultsPlus

Examiner Tip
When you are asked to describe how one quantity
varies with another use terms such as proportional,
directly proportional, linear, non-linear, exponential
and increasing/decreasing rate.
Correlation is a statistical term that just describes how
well the data fits the relationship and does not describe
the actual relationship so do not use it at all.
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Question 16 (a) (iv)

This question required the candidates to explain how moving the prism would change the
displacement on the screen. Many candidates did successfully manage to describe this.
Incorrect answers mainly involved discussions of fair testing, precision, accuracy and
reliability. Other incorrect answers given were where the candidate had realised what would
happen but had not related their answer to the context of the question i.e. the variables
involved and they had just mentioned that the angle would change. The experiment requires
the displacement to be measured so the effect on the displacement should be discussed.

(iv) Give a reason why the distance between the screen and the prism must be kept
constant.

Examiner Comments

Good answer, 1 mark.

(iv) Give a reason why the distance between the screen and the prism must be kept

constant.
(1)

£ 1t iz net lcopt censtunt thoo  th. cuyéﬂ at
Lialehs toe |15]~t. lecavos B Pn].:':N\. colcl CJ-«(‘wg_a_.

Examiner Comments

Scores no marks.

\

Resultst

Examiner Tip

The experiment is to measure the displacement so
discuss the effect that changing the position would
have on the dependent variable i.e the displacement.

us
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Question 16 (b) (i)

The majority of responses scored just 1 mark by explaining that the oscillations/vibrations
are in either just 1 plane or 1 direction only. Very few went on to get the second mark
which required the candidates to explain that the plane is in the direction of travel or the

vibrations are at 90° to the direction of travel.

(b) Another method of measuring sugar concentrations uses polarised light.

(i) Explain what is meant by polarised light.

ouré(/hmn %

Examiner Comments

To gain the second mark the candidates had to
develop their explanation that the first mark
was awarded for. The extra explanation is not in
terms of the plane of vibration but the direction
of travel of the wave so just 1 mark awarded.

1 oo
frave.

(2)

A-vbuﬁm 5 } Ak 7
e J Tu“ﬂﬁv\ (,u,w&m 4 (:/%W{ I\ o
F \\..il?*“L ¢ )
, OVMI"“JJW_
<J\ﬂ D
Resultslus
Examiner Comments
2 marks awarded. Much simpler and more
successful way to get full marks than a
definition using in terms of planes.
(b) Another method of measuring sugar concentrations uses polarised hght.
(i) Explain what is meant by polarised light.
(2)
rsd b s LAt L s e o s
el (7% ELc« | éLQ [wJ” only. esellabes....in.. ane ,/w@, v
H«E “’Ef‘rfﬂ . Foel o Eho v,
Lov, IUL,,”_.\ ,cw,’L«ng ofc 1!(#;,, |
. B Dctebion o5 s NG Azt o5 bravel
LLN !:J-J:.PMIIMI T'o';“l' 1. A I'M“"i‘-i 1 it a1 1 f 1. % __.*
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Question 16 (b) (ii)

Descriptions of experiments always cause candidates problems. Some candidates had
obviously carried out a similar practical, many using polarimeters, which did give these
candidates an advantage but they often failed to describe a methodical way to find the
angle. Most candidates were able to score a mark for mentioning polarising filters but
most failed to mention that the polaroid, without the sugar solution had to be rotated and
effectively calibrated. Many knew to place the sugar solution between the light source and
the filter and then rotate the filter. Descriptions of the angle to be measured were variable
and there had to be a clear position from which to measure the new angle. Just a mention
of 'measure the angle of rotation' was a repeat of the stem of the question and did not gain
the mark. Some mentions of rotating the sugar solution rather than the polarising filter
seen.

*(ii) When polarised light passes through a sugar solution, the plane of polarisation
rotates through an angle,
Explain how to measure this angle of rotation,
(4)
oy pron

~ Fint,  shine a  light  through  an e on———8f———g——Kknown—Ton [eriatron

_“"F’ plate . one  polaring fitter  infropt  OF 1.
Fotate ine polayising  fitler . Gnd ek  dhe  ponts. . 00 . .a. paper . 'he_ plate &
Mminimum __ intenuty.
M earh 90 tumn,  the  light  showld be eiiner. Poring  miusimum  or morimmm
LT
Then, add  the  tugar  Solution . M. the . pam: .
Rotate  ihe polaraing fittees  once again  and  Mark  the  angfe  Which  gives
minimum __intenaty:

Uiing a pptracter, -sschge—ewfec Mewurs fhe angle O rotamon  refotive ve  1he

fiugt  angle.
<J\4 (Total for Question 16 = 13 marks)

Scores all 4 marks, a very clear, methodical description involving rotating the polaroid filter
with and without the sugar solution present. They did refer to maximum intensity without
any further measuring device to identify where this would be but a mention of a maximum
or minimum as the filter is rotated was sufficient. Very clear explanation about what angle
is to be measured. Mention of a protractor here which was very rare.

Q ResultsPlus

When describing practical work, apart from describing a step by step method of
the process, remember not to rush the end where you are describing accrately
how to take the measurements. Remember to mention what measuring device
you are using, even if it is just as simple as a ruler or protractor.
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*(ii) When polarised light passes through a sugar solution, the plane of polarisation
rotates through an angle.

Explain how to measure this angle of rotation.

A fp(wmd///%cr Cou(d ,éza L/Ef@f /}
Sheld ke rolatect unhl. peaaddal. . with H\.p
ppelanisea... 9 ht. begere entert n He solohen., Hs.
wedld mdicate. tobich. a;g(@/’éui planre gl pelansohn

dere Qpfer. lhe. beam . has left fe Solohion. The
(erenCo. bhehugon the hud. a:/gﬂﬁ shauld ko

o1ge 9; rorabion. -

g\az ResultsPlus

Examiner Comments

This type of response was very common and only scored

1 mark for a mention of the polaroid. The candidate
mentioned rotating the polaroid but the parallel was too
vague and no mention of a maximum or minimum intensity
of light. They have understood the method but have not
been clear enough at each stage to gain the mark.

GCE 6PHO2 01
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Question 17 (a)

Many candidates found this question a challenge. Although most candidates could describe
some aspect of the photoelectric effect, few managed to describe the points that were being
questioned and give relevant points. It was very disappointing to see candidates attempt to
answer their entire question without the mention of a photon.

Descriptions of the photon intensity mainly referred to there being more photons with

a greater intensity with no mention of photons per second. A great deal of responses
successfully described the one photon to one electron idea. This question did identify that
the candidates find describing the energy of the released photelectrons and the energy

of the photons more challenging with confusion that the kinetic energy depends upon the
frequency of the photons rather than the photon energy. Very few candidates related their
answers to Einstein's photelectric equation which would have been a logical starting point,
as with any question on this subject, to relate to the variables involved e.g. intensity and
KE.

17*(a)In a demonstration, ultraviolet light is incident on a zinc plate and electrons are
emitted.

The intensity of the ultraviolet light is increased.
Explain the following observations:

e the number of electrons emitted per second increases
* the maximum kinetic energy of an electron does not change.

(4)

W7 o4 _the phaars. of @ ubdrimatin dght  hir the
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Examiner Comments

This candidate has described the increase in the number
of photons per second due to the greater intensity but did
not mention the one to one relationship between photons
and electrons, 2 marks. They have attempted to describe
the second bullet point but did not score as they have not
explained why the photons have the same energy.
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17*(a) In a demonstration, ultraviolet light is incident on a zine plate and electrons are
emitted.

The intensity of the ultraviolet light is increased.
Explain the following observations:

e the number of electrons emitted per second increases
e the maximum kinetic energy of an electron does not change.
(4)
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Examiner Comments

This response scores 0. No mention of photons at
all, they have referred to them as charge carriers.
The canddiate has the idea that the frequency
effects the KE but have not explained why.
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Question 17 (b) (i)

This question was answered well by most candidates. Quite a few candidates selected
aluminium and zinc even though they had successfully worked out the energy value.

(b) The table shows the work tunctions of tour metals.

Metal Work function / 107" J
Aluminium 6.53
Caesium 3.36
Potassium 2.30
Zinc 6.88

(i) Determine which of these metals would emit electrons when illuminated with
visible light of frequency 5.88 x 10'* Hz.

= 66307 X S.skxio "y,
=390 xip _qu J

(3)

o Coesium wond et elertns dme

ResultsPlus

Examiner Comments

Correct energy calculated but only 1 metal
selected. 2 marks.
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Question 17 (b) (ii)

Again, as with question 17a candidates find describing a particular aspect of the
photoelectric effect more challenging. Answers that started off with Einsteion's photoelctric
equation were at a advantage as most canddiates then saw the need to rearrange it into a
y=mx + c format. Candidates who did not refer to this equation at all rarely scored more
than 1 mark for just remembering that the gradient of these lines is Plank's constant or that
zinc has the highest work function.

(if) The graphs show how the maximum kinetic energy of the emitted electrons
varies with the frequency of incident light for the four metals.

Maximum
kinetic
energy / J

Use the relationship hf = Y2 mv? + ¢ to explain the relative positions of the

graphs and why they are all parallel.
(3)
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ResultsPlus

Examiner Comments

A good answer scoring 3 marks.

GCE 6PHO2 01




(ii) The graphs show how the maximum kinetic energy of the emitted electrons
varies with the frequency of incident light for the four metals.

Maximum
kinetic
energy /J

vency / Hz

Use the relationship hf = % mv* + @ to explain the relative positions of the
graphs and why they are all parallel.

"l\n@m Ml posrallel - because  hf.is
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(3)

Examiner Comments

<J\izResults’if“ﬂ"lus

This candidate has some basic understanding
of the significance of hf and ® but, without the
equation to guide them through the different
aspects of the graph they have struggled and
did not score any marks.
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Question 17 (b) (iii)

The candidates needed to make a relevant comment about the type or nature of the
radiation needed to emit as photoelectron from zinc and then conclude that caesium will

do this with visible light for a second mark. Candidates tended to give general comments
from which a sensible comment about the zinc could usually be extracted. The second mark
was more difficult to award as the candidate needed to apply their knowledge and use the
data that had been given earlier in the question. On seeing the mention of a lab, many
candidates discussed cost and safety. Many candidates only discussed one metal and did not
give a comparison between them as is suggested in the question.

(iii) A school laboratory has a photoelectric cell for student use. The metal plate in
the photoelectric cell is made of caesium and it can be used with a set of filters
to obtain a graph similar to the one in (ii).

Explain why the metal plate is made of caesium rather than zinc.

[1 15 more eascer to brak o gurface
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Plus

Examiner Comments

The candidate has identified that caesium needs
a lower frequency but has not explained why
this is more suitable for a school lab.
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Stusoat 1450 TOTAL FOR SECTION B = 70 MARKS

Examiner Comments

Good answer.The two metals have been
compared in terms of the the light they need to
release a photoelectron.
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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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