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Mark schemes are prepared by the Lead Assessment Writer and considered, together with the relevant
questions, by a panel of subject teachers. This mark scheme includes any amendments made at the
standardisation events which all associates participate in and is the scheme which was used by them in
this examination. The standardisation process ensures that the mark scheme covers the students’
responses to questions and that every associate understands and applies it in the same correct way.
As preparation for standardisation each associate analyses a number of students’ scripts. Alternative
answers not already covered by the mark scheme are discussed and legislated for. If, after the
standardisation process, associates encounter unusual answers which have not been raised they are
required to refer these to the Lead Examiner.

It must be stressed that a mark scheme is a working document, in many cases further developed and
expanded on the basis of students’ reactions to a particular paper. Assumptions about future mark
schemes on the basis of one year’'s document should be avoided; whilst the guiding principles of
assessment remain constant, details will change, depending on the content of a particular examination
paper.

Further copies of this mark scheme are available from aga.org.uk
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Physics - Mark scheme instructions to examiners

1. General

The mark scheme for each question shows:

the marks available for each part of the question

the total marks available for the question

the typical answer or answers which are expected

extra information to help the Examiner make his or her judgement and help to delineate what is
acceptable or not worthy of credit or, in discursive answers, to give an overview of the area in which a
mark or marks may be awarded.

The extra information is aligned to the appropriate answer in the left-hand part of the mark scheme and
should only be applied to that item in the mark scheme.

At the beginning of a part of a question a reminder may be given, for example: where consequential
marking needs to be considered in a calculation; or the answer may be on the diagram or at a different
place on the script.

In general the right-hand side of the mark scheme is there to provide those extra details which confuse
the main part of the mark scheme yet may be helpful in ensuring that marking is straightforward and
consistent.

2. Emboldening

2.1 In a list of acceptable answers where more than one mark is available ‘any two from’ is used,
with the number of marks emboldened. Each of the following bullet points is a potential mark.

2.2 A bold and is used to indicate that both parts of the answer are required to award the mark.

2.3 Alternative answers acceptable for a mark are indicated by the use of or. Different terms in the
mark scheme are shown by a / ; eg allow smooth / free movement.

3. Marking points

3.1 Marking of lists

This applies to questions requiring a set number of responses, but for which candidates have provided
extra responses. The general principle to be followed in such a situation is that ‘right + wrong = wrong’.

Each error / contradiction negates each correct response. So, if the number of errors / contradictions
equals or exceeds the number of marks available for the question, no marks can be awarded.

However, responses considered to be neutral (often prefaced by ‘Ignore’ in the mark scheme) are not
penalised.

3.2 Marking procedure for calculations

Full marks can usually be given for a correct numerical answer without working shown unless the question
states ‘Show your working’. However, if a correct numerical answer can be evaluated from incorrect
physics then working will be required. The mark scheme will indicate both this and the credit (if any) that
can be allowed for the incorrect approach.
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However, if the answer is incorrect, mark(s) can usually be gained by correct substitution / working and
this is shown in the ‘extra information’ column or by each stage of a longer calculation.

A calculation must be followed through to answer in decimal form. An answer in surd form is never
acceptable for the final (evaluation) mark in a calculation and will therefore generally be denied one mark.

3.3 Interpretation of ‘it’
Answers using the word ‘it’ should be given credit only if it is clear that the ‘it’ refers to the correct subject.

3.4 Errors carried forward, consequential marking and arithmetic errors

Allowances for errors carried forward are likely to be restricted to calculation questions and should be
shown by the abbreviation ECF or conseq in the marking scheme.

An arithmetic error should be penalised for one mark only unless otherwise amplified in the marking
scheme. Arithmetic errors may arise from a slip in a calculation or from an incorrect transfer of a numerical
value from data given in a question.

3.5 Phonetic spelling

The phonetic spelling of correct scientific terminology should be credited (eg fizix) unless there is a
possible confusion (eg defraction/refraction) with another technical term.

3.6 Brackets

(.....) are used to indicate information which is not essential for the mark to be awarded but is included to
help the examiner identify the sense of the answer required.

3.7 Ignore / Insufficient / Do not allow

‘Ignore’ or ‘insufficient’ is used when the information given is irrelevant to the question or not enough to
gain the marking point. Any further correct amplification could gain the marking point.

‘Do not allow’ means that this is a wrong answer which, even if the correct answer is given, will still mean
that the mark is not awarded.

3.8 Significant figure penalties

Answers to questions in the practical sections (7407/2 — Section A and 7408/3A) should display an
appropriate number of significant figures. For non-practical sections, an A-level paper may contain up to
2 marks (1 mark for AS) that are contingent on the candidate quoting the final answer in a calculation to
a specified number of significant figures (sf). This will generally be assessed to be the number of sf of the
datum with the least number of sf from which the answer is determined. The mark scheme will give the
range of sf that are acceptable but this will normally be the sf of the datum (or this sf -1).

An answer in surd form cannot gain the sf mark. An incorrect calculation following some working can
gain the sf mark. For a question beginning with the command word ‘Show that...’, the answer should be
guoted to one more sf than the sf quoted in the question eg ‘Show that X is equal to about 2.1 cm’ —
answer should be quoted to 3 sf. An answer to 1 sf will not normally be acceptable, unless the answer is
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an integer eg a number of objects. In non-practical sections, the need for a consideration will be indicated
in the question by the use of ‘Give your answer to an appropriate number of significant figures’.

3.9 Unit penalties

An A-level paper may contain up to 2 marks (1 mark for AS) that are contingent on the candidate quoting
the correct unit for the answer to a calculation. The need for a unit to be quoted will be indicated in the
question by the use of ‘State an appropriate Sl unit for your answer’. Unit answers will be expected to
appear in the most commonly agreed form for the calculation concerned; strings of fundamental (base)
units would not. For example, 1 tesla and 1 Wb m=2 would both be acceptable units for magnetic flux
density but 1 kg m? s=2 A~* would not.

3.10 Level of response marking instructions

Level of response mark schemes are broken down into three levels, each of which has a descriptor. The
descriptor for the level shows the average performance for the level. There are two marks in each level.

Before you apply the mark scheme to a student’s answer read through the answer and annotate it (as
instructed) to show the qualities that are being looked for. You can then apply the mark scheme.

Determining a level

Start at the lowest level of the mark scheme and use it as a ladder to see whether the answer meets the
descriptor for that level. The descriptor for the level indicates the different qualities that might be seen in
the student’s answer for that level. If it meets the lowest level then go to the next one and decide if it
meets this level, and so on, until you have a match between the level descriptor and the answer. With
practice and familiarity you will find that for better answers you will be able to quickly skip through the lower
levels of the mark scheme.

When assigning a level you should look at the overall quality of the answer and not look to pick holes in
small and specific parts of the answer where the student has not performed quite as well as the rest. If
the answer covers different aspects of different levels of the mark scheme you should use a best fit
approach for defining the level and then use the variability of the response to help decide the mark within
the level. i.e. if the response is predominantly level 2 with a small amount of level 3 material it would be
placed in level 2.

The exemplar materials used during standardisation will help you to determine the appropriate level. There
will be an answer in the standardising materials which will correspond with each level of the mark scheme.
This answer will have been awarded a mark by the Lead Examiner. You can compare the student’s answer
with the example to determine if it is the same standard, better or worse than the example. You can then
use this to allocate a mark for the answer based on the Lead Examiner’s mark on the example.

You may well need to read back through the answer as you apply the mark scheme to clarify points and
assure yourself that the level and the mark are appropriate.

Indicative content in the mark scheme is provided as a guide for examiners. It is not intended to be
exhaustive and you must credit other valid points. Students do not have to cover all of the points mentioned
in the indicative content to reach the highest level of the mark scheme.

An answer which contains nothing of relevance to the question must be awarded no marks.
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Question Answers Additional Comments/Guidance Mark deltls?lils
2
2 Fromv'v AO1.1b
(High) electric field pulls electrons from (gas) atoms/ ionises (gas)
atoms
011 positive ions in tube are accelerated to C/cathode and strike AQ2.1e
surface/electrons in surface
Electrons (in cathode) emitted and accelerated towards A (and B) (0 | Do not award MP3 if there is a suggestion of a p.d.
form cathode ray). between A and B
AO2.1c
1.2 Yto XV 1
. AO3.l1a
Reference to v = E/B (when path straight) v/ 3
(Eg Electric force = magnetic force
Eqg= Bqv
01.3 v = E/B)

(Therefore for greater v)
Either increase E v

Or decrease B. v

For MP2 and MP3 there must be some correct
supporting theory e.g. Fm = Bqv
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01.4

(Magnitude of) specific charge much greater (approximately x 2000)
specific charge of hydrogen (ion), (largest then known). v/

(If charges similar) Cathode rays particles mass much smaller than
hydrogen ion and therefore smaller than atom. v/

Do not condone “he deduced they were electrons”

MP2 cannot be awarded if MP1 is incorrect.

If no other creditable answer given, one mark can
be awarded for stating that the sign of the specific
charge of cathode ray is opposite to that of
hydrogen ion.

AOl.1la

Total
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Question Answers Additional Comments/Guidance Mark ID.
details
Electromagnetic/EM radiation¥ If no other mark awarded, allow 1 mark for 2 AOLla
Spectrum with peak depending on temperature (of emitter (EM) radiation given off by perfect absorber
02.1 alone). v /emitter.
Condone light for radiation
(Description of ultraviolet catastrophe) If no other mark awarded, 1 mark can be given 1 AO1l.1b
for idea that there is ‘no peak’.
Intensity similar at long wavelengths, v/ 1 AO2.1b
(But rather than peak) theory predicts intensity increases at

02.2

shorter wavelengths/infinite at very short wavelengthsv’

But some correct description needed for both

Allow correct line on graph for either for 1 mark

1)
L)
\
1
\
1
\
\]
\
\
\
\

-~
Seo
———

0

Condone any line that goes to infinity at short
wavelengths for MP2.

2 10
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02.3

EM radiation emitted in quanta v’
Energy of quantum is related to a single frequency OR

E = hf, where h is Planck’s constant. v/

Do not condone photon or packet for quanta in
MP1

AO1.1b
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24

. The mark scheme gives some guidance as to what

statements are expected to be seeninalor 2 mark (L1), 3 or
4 mark (L2) and 5 or 6 mark (L3) answer. Guidance provided
in section 3.10 of the ‘Mark Scheme Instructions’ document

should be used to assist in marking this question

Mark | Criteria

6 All 3 areas covered with at least two aspects of
photoelectric effect covered in some detail.

6 marks can be awarded even if there is an error
and/or parts of one aspect missing.

5 A fair attempt to analyse all 3 areas. If there are
several errors or missing parts then 5 marks should
be awarded.

4 Two areas successfully discussed, or one
discussed and two others covered partially. Whilst
there will be gaps, there should only be an
occasional error.

3 One area discussed and one discussed partially, or
all three covered patrtially. There are likely to be
several errors and omissions in the discussion.

2 Only one area discussed, or makes a partial
attempt at two areas.

1 None of the three areas covered without significant
error.

0 No relevant analysis.

The following statements are likely to be present.
A main outcomes of experiments.

No photoelectric emission if incident light below threshold
frequency

Photoelectric emission is instantaneous/occurs as soon as
light is incident on metal surface

(Photoelectrons have a range of KE from zero to max value,
depending on type of metal and frequency of incident light.

Number of photoelectrons per second is proportional to
intensity of incident radiation)

B problems of classical wave theory

Intensity of wave (brightness of light) should determine
whether photoelectron emitted/KE of photoelectron OR light
of any frequency should cause emission.

Wave energy spread over surface should mean time needed
to for electrons to accumulate enough energy to be
emitted/lower intensity the longer the time.

C Aspects of Einstein’s theory
Light is made of photons

Photoelectrons due to one photon interacting with one
electron in surface of metal.

Minimum energy (work function of metal) needed for electron
to be emitted related to a threshold frequency by ¢ = hf,

Remaining energy of photon (hf-hf,) becomes (max) KE of
photoelectron.

Brighter source means more photons (per second) and
therefore more photoelectrons (per second).

AO3.1b
X2
AO2.1a
X2
AO1l.1a
X2

10
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Total 12

11
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Question Answers Additional Comments/Guidance Mark deltls?lils
Electrons (in surface) have to overcome the potential/coulomb o _ _ _ 2 AO2.1a
barrierv’ Credit diagram of high amplitude wave, barrier
Electrons have insufficient energy and lower amplitude transmitted wave for

. second mark
so (due to wave properties of electrons) Eg
there is a probability of electrons crossing from sample to tip
electron
OR ‘ ' :
) ) _ wave’ in
a fraction of electrons will move from sample to tip. v/ tip
03.1 |
electron
‘wave’ in
sample
Tip of probe maintained a certain distance (about 1nm) above
surface. v/ 3 AOL.1b
(Current from surface into probe due to tunnelling) X2
When probe moves over higher layer of electrons, current AO2.1e
03.2 increases v’ Allow reverse argument

(Through a feedback process) Tip is moved higher to reduce
current to original value. (Distance moved by tip = distance
new surface above/below original surface)v’

(Hence surface mapped by position of tip.)

12
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03.3

Attempt to apply %2 mv? =eV
% x9.11 x 103 xv?= 24 x 10" v

If correct v= 7.26 x 10° (m s)

Attempt to apply A = h/mv
= 6.63 x 1034(9.11 x 103! x 7.26 x 10°%) v/

1.0 x 10°m (cao) with conclusion v/

Alternative one step route:

_h
V2mE
Substitution of data with conversion to Jv/

Attempt to put datain A= with no conversion to J v/

Answer correct with conclusionv’

Allow if no or incorrect conversion of eV to J

Allow for use of their v in substitution

Condone 1sf answer, but must have unit

Example conclusion

No - less energy (electron) would have longer
wavelength and would be too long to
map atom/wavelength should be smaller
than 1nm

AQO3.1la

Total

13
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Question Answers Additional Comments/Guidance Mark deltgils
041 |L0=2500m 2 AO2.1f
Length = 2500 x (1 -0.95?)* v/
length = 781 (780) mv’
04.2 Number of muons passing through detector per second Allow “intensity of muons” > AO1la
' measured at top of mountain/in upper atmosphere AND
Number of muons passing through detector per second Allow number dehcayed/ocI;fferenc; in numbers
measured on ground. v at upper atmosphere and groun
Measurements show far fewer muons decay than expected in
time taken (in observer’s frame of reference) for muons to Allow more muons reach the ground than
travel from upper atmosphere to ground (as the clock in expected
muons frame of ref runs slower than observer so half-life
appears longer). v’
04.3 Lower velocity means If ':hgrt_e |§ n?cfreference(:o'\;ranle of reference or 3 AO3.1a
Take longer to travel to ground (in either frame of reference)v’ relativistic effects award Max 1.
And time dilation effect less (in Earth frame of Answer needs to be consistent with the implicit
reference)/length contraction effect less (in muon frame of frame of reference being discussed
reference) (as not so close to c) v/
More muons decay before reaching ground so rate of
detection reducedv’
Total 7

14






