Understanding Standards — Higher Physics, Open-ended Questions

General Information .

An open-ended question is one to which there is not a specific or unique answer. An open-ended
question altows candidates to answer in their own chosen way. '
Candidates should use the opportunity to show to a marker that they know which areas of Physics are
relevant. They should also provide some discussion and/or analysis to demonstrate the depth of their
understanding of that knowledge. ,

There is no ‘checklist’ that is used by markers to allocate marks to a particular answer. Each candidate’s
answer is considered as a ‘whole’ and it is allocated a mark depending on the level of understanding’
demonstrated. Zero marks are awarded if the answer demonstrates ‘no understanding’ of relevant
Physics. The answer receives one mark if it shows ‘limited understanding’, two marks for ‘reasonable
understanding’ and three marks for ‘good understanding’.

It is recognised that each mark actually represents a ‘range’ of quality. For example, it is possible for
one answer to be slightly better than another but for both answers to be awarded a <2*, This can happen
when both answers are deemed to show better than limited understanding but neither is good enough to
receive a ‘3°.

2012, question 24

Tennis plavers are couched to swing “through the ball” when striking it rather than

stopping the tennis racquet suddenly.

Use your knowledge of physics to comment on why this causes the ball to leave the
racquet with a greater speed.




Capdidate Answer 1:
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Mark Awarded: 3

Comment:

This is a very thorough, complete and well argued analysis. This answer shows very good understanding
of relevant physics. However, it should be noted that ‘only’ good understanding needs to be
demonstrated for the full three marks to be awarded.



Candldate Answer 2:
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Mark Awarded: 0

Comment;

Although relevant terms like “kinetic energy” and “momentum” have been included by this candidate,
they are used in an almost colloquial way. Rigorous physics analysis is missing. The momentum
conservation equation is written down, but the velocities are not precisely enough defined. A marker
cannot be sure that this candidate has any understa_nding of the appropriate physics.

Candidate Answer 3:
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Mark Awarded: 1

Comment;

This answer leaves the marker asking more questions such as “Why does the racquet have more
potential energy?” and “Why does a longer contact time cause a greater speed?” However, there does
seem to be limited understanding of relevant physics.



Candidate Answer 4:
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Mark Awarded: 0

Comment:

This answer would lead to the conclusion that the ball would be slower. The candidate has mentioned
relevant quantities and relationships but has made an incorrect link between increased contact time and
impulse. He/She has taken the argument in the wrong direction. No real understanding is demonstrated.

Candidate Answer 5:
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Mark Awarded: 2

Comment:
This answer is partially correct, but does not present a complete or rigorous argument. It shows more
than limited understanding but is only just into the category of ‘reasonable’ understanding.



Candidate Answer 6:
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Mark Awarded: 1

Comment:

This answer contains correct statements, but relevant quantities and relationships are not given or

explained, In other words, little physics analysis is presented.

Candidate Answer 7:
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Mark Awarded: 2

Comment:

This candidate is showing reasonable understanding. The candidate refers to “change in momentum”
and equates it to ‘#". However there is some vagueness about the analysis which leaves a marker

wondering how complete the candidate’s understanding of the interaction is.
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Candidate Answer 8:
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Comment:
Why is the racquet “starting further back™? Docs the candidate think that the final velocity of the racquet

is the ‘v* in the formula?
There is no indication that the candidate understands the physics of what is happening



Candidate Answer 9:
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Mark Awarded: 0

Comment:

There is no true physics analysis in this answer. “A bigger force behind the racquet”, “This extra forco is
added onto the ball pushing it away further” and “The contact of the ball would also be at a higher ; '
are things that you might expect to be said by someone who has had no physics training. The use o+
correct terminology, at the level of Higher Physics, is missing.



Candidate Answer 10:
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Mark Awarded; 3

Comment:
The estimated values are poor. However, this question is

ﬁrobing the candidate’s understanding of the

underlying physics principles — these are presented clearly.

Candidate Answer 11;
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Mark Awarded: 1

Comment;

This answer shows some limited understanding. The candidate does not seem to comprehend the

difference between force and impulse.




Candidate Answer 12:
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Mark Awarded: 1

Comment:
This answer only demonstrates very limited understanding. The analysis is very incomplete but is not
wrong or inconsistent.

swer 13:

. Mark Awarded: 2

Comment:

This answer almost shows good understanding. Where does the relationship, in the fifth line, for ‘v’
come from? The candidate could have improved their answer by stating that they are assuming that all
the work done on the ball by the racquet becomes kinetic energy of the ball.



Candidate Answer 14;
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Mark Awarded: 1

Comment:

This candidate does not define momentum or clarify its relationship with force and time. The candidate
appears to think that an increase in contact time means an increased force (showing confusion between
force and impulse?). However, it appears that there is a little understanding of relevant physics.

Candidate Answer 15:;
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Comment;

Even allowing “maxium” to be “maximum”, what does “maximum force” mean in this situation? What
does “the full time of contact” mean in this situation? This answer does not show any understanding of
the relevant physics.



Candidate Answe_rr 16;
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Comment: )

- What is meant by “It gets hit within the motion”? What is the relevance of potential energy? —is this
referring to deformation of the racquet strings? Why is there more energy transferred?

This candidate has not demonstrated any correct understanding of what is happening,

Candidate Answer 17:
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Comment;
There is no correct physics in this answer.




2012, guestion 28

One of the most important debates in scientitic history asked the question:

“Is light a wave or a particle?”

Use vour knowledge of physics to comment on our understanding of this issue,

Candidate Answer 1:
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Mark Awarded: 1

Comment:
This answer shows some correct understanding but does not give sufficient evidence for a marker to be
convinced that the candidate’s understanding is ‘reasonable’.

Candidate Answer 2;
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Mark Awarded: 1

Comment:
This answer provides some correct discussion of the wave behaviour of light, but does not refer to its
particle behaviour or the need for the duality theory. It demonstrates limited understanding.



Candidate Answer 3:
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Comment:
A matrker might initially think that this answer shows some limited understanding. However, this

candidate wrongly states that light “doesn’t pass through objects”. This demonstrates that the candidate
does not understand the behaviour of light.

Candidate Answer 4:
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Mark Awarded: 1

Comment:
This answer starts well as it correctly refers to the wave-particle duality and gives diffraction as proof of

wave behaviour. However, “irradiance” does not necessarily indicate particle behaviour —- this weakens
the answer. The last sentence does not add anything to what the candidate has already written. This
answer is at the ‘top end’ of showing limited understanding, but is not quite into the ‘reasonable’ range.










Candidate Answer 5:
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Mark Awarded: 0

Comment:
The first eight words of this answer give a marker hope that marks can be awarded. However, the rest of

the answer is poor. Taken as a whole, this response does not demonstrate understanding of the issue.

Candidate Answer 6:
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Mark Awarded: 0

Comment:
This candidate has shown that he/she does not understand this issue. The last sentence (where the

candidate states that “light travels through waves, so this backs up the argument that light is a particle”)
is particularly poor,

Candldate Answer 7;
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Mark Awarded; 2

Comment:

This is almost a good answer, but it definitely shows reasonable understanding. The answer could have
been made stronger by giving a bit more detail about the photoelectric effect and not just stating “11ght
can also act like a particle as photons can give energy to dislodge electrons™.
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Mark Awarded: 0

Comment: .
This candidate response shows no understanding of the issue.

Candidate Answer 9:
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Mark Awarded: 0
Cemment:

This answer clearly demonstrates no understanding. Although correct facts are stated (like the speed of
light and the speed of sound in air), the associated physics is either wrong or irrelevant,



Candidate Answer 10;
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Mark Awarded: 2

Comment:
There is sufficient correct physics in this answer to show ‘reasonable’ understanding. There are some

weaknesses in the answer, such as stating “light behaves like a particle but is a wave”. The diagram of
Young’s experiment is weak (e.g. irregular wavelength), The candidate could have taken the opportunity
to refer to interference occurring in Young’s experiment as further proof of wave behaviour.



Candidate Answer 11:
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Mark Awarded: 1

Comment:

This answer starts off well, but there is lack of detail in backing up the wave-particle duality model. For
example, what is meant by the “double slit experiment™? Also, “the gold foil experiment” might be
correctly referring to an electroscope used in demonstrating the photoelectric effect, but it also might be
wrongly referring to Rutherford’s experiment.

Candidat? Answer 12;
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Mark Awarded: 0

Comment:

Initially this answer shows promise. However, it goes on to imply that the photoelectric effect proves
both properties. It then shows completely wrong physics by stating “photons can be released from a zinc
plate”. Taken as a whole, the answer shows no understanding.

Candidate Answer 13:
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Mark Awarded: 0

Comment:
This answer only states that light is a wave and, even then, is weak by saying that “light ...
photons ...”. No understanding has been shown.
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Mark Awarded: 2

Comment:

This answer shows reasonable understanding of the dual nature of light. However, it is weak in the part
which is attempting to describe the particle nature - it is not appropriate to refer to the photovoltaic
effect in LEDs. If the candidate had correctly described the photoelectric effect, the answer could have
- demonstrated good understanding.
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Comment:
This answer shows no understanding of the dual nature of Iight. It repeatedly says that light is a particle.
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Mark Awarded: 1
Comment;

This answer shows limited understanding of the dual nature of light. However, there are no correct
references to the evidence for either type of behaviour.



Candidate Answer 17;
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Mark Awarded: 0

Comment: .
Saying that light is a “mixture” of both is wrong. This candidate demonstrates too much confusion in
their understanding for any marks to be awarded.
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Mark Awarded: 1

Comment:
This short answer states enough to show limited understanding but is not detailed enough to demonstrate
any greater depth of understanding,.



Candid_ate Answer 19:
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Mark Awarded: 1

Comment:

This answer indicates that the candidate has some understanding of the dual nature of light and some
knowledge that the photoelectric effect demonstrates its particle nature. However, the use of the word
“protons” weakens the first part of the answer. In the second paragraph, it is wrong to say that “light
diffracts at certain angles from a grating”. In fact, all wavelengths diffract into (approximately)
semicircular waves and the different colours of the spectrum are due to constructive interference for
different wavelengths occurring at slightly different distances (and so angles) from the grating,
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Mark Awarded: 2

Comment:

This answer demonstrates reasonable understanding of the dual nature of light. The answer could be
improved to ‘good’ by providing more details about experiments to show interference and the
photoelectric effect.



Candidate Ar}swer 21:
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Mark Awarded: 1

Comment:
This answer does state that light displays both wave and particle behaviour, but it only gives evidence
for its wave nature. It is almost showing ‘reasonable’ understanding, but is a strong ‘1” rather than a ‘2°,
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Mark Awarded: 1

Comment:

This candidate shows that they do know about the dual nature of light, but there is lack of detail about
diffraction. The meaninglessness of the last sentence creates doubts about their knowledge and level of
understanding.
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Mark Awarded: 3

Comment:

This answer provides only just enough evidence of the candidate having a good understanding. It could
have been made into a much more secure ‘3” by providing more information both about the
photoelectric effect (e.g. a brief description of an experiment and/or what happens in the photoelectric
effect) and about diffraction (e.g. what it means or what is observed in an experiment).



2013, question 25(b)

(h) Duringa television programme the presenter states, “Looking through o telescope

al the wight sky s ke looking back tn time”,

Use physics principles to comment on this statement,
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Mark awarded; 3

Comment:

We would normally consider that it is only stars, and not planets, which are significant radiators of
electromagnetic radiation. However, this does not detract from this being a good answer. It is worth
repeating that markers are not seeking full and perfect answers before awarding the full 3 marks.
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Mark awarded: 0

Comment:
There is not any evidence that this candidate has an understanding of the issue,



Candidate Answer 3:
L

%:) I \;"W‘“ Y iii i; ‘F‘lvi‘u'fé‘c_jf"\ LS i“ﬁ.{!.i ‘i‘:gi 9’? %fi{, IR £ 5] Fiﬁa’;
; &
& foy ouad (M aird Spea o8 e palletnng of pesds

\ i . _Lﬂ i 'l“t,ﬁ,c-c.&
) . i ‘ﬁ-’i& 15 bt foihAE G‘F“ Pl goladet, ,-&!,-'i‘z 3 ;{ AL
3 " 1 0 o A ITA D s fepifas By
L L MO RS Q!’:Lu CELiA AN, E:H.&ii {?“ﬂf; Rl W (R

Leeey e ?Fﬁ* of L ;ﬂ:‘-"{; Cornditiank Fov all dertrens
I ' i - | .
T ki wAZaAL TWME o Langent i fpact Fozas ac

Fartln , amd we on Hisedoun \ﬁi&f‘*ﬁ agdy @ M

by ke F el

|
i
{ phat b2

Mark awarded: 0

Comment:
This is an example of a candidate showing that they have not understood that the relevant physics is

light taking significant time to travel the vast distances across the universe. Instead, they have wrongly
discussed time dilation which is to do with differing values of elapsed time for different frames of

reference.
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Mark awarded: 2

Comment:
This candidate has demonstrated a reasonable understanding of the appropriate physics. The ‘double

negative’ in the second sentence has been ignored. The candidate has wrongly stated that our nearest star
is 4 light years away. Our nearest star is the Sun, which is approximately 8-5 light minutes away.
However, this error of fact does not weaken the answer very much. Making a reference to the
relationship between distance, speed and time could have strengthened the answer.
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Comment:

There are a number of things wrong in this answer; light is radiated from stars, not reflected by them; a
‘light year’ is a distance, not a time; unless your clock is in a distant orbit, there are not “a few seconds”
of delay! This candidate has not shown any real understanding of correct physics.
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Comment:
This candidate shows good understanding of the appropriate physics.
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Comment:
The candidate has demonstrated good understanding of relevant physics, making clear why we see the
stars and why time is required for photons to travel to our eyes.
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Mark Awarded: 1

Comment:
This candidate has shown some understanding of the issue by referring to the huge distances to the stars,
but he/she has not developed how this links to the time light takes to travel to us from them.
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Comment: _

This answer does not discuss any of the relevant physics and is also internally inconsistent (i.e. if the
stars are “thousands of light years away” then it should take thousands, not “hundreds”, of years for the
light to reach us).
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Mark Awarded: 1

Comment: :
Although there is reference to the “vast distance™ to the stars, there is no explanation about why it takes
light so long to travel. There is significant repetition in the answer — this makes it longer but not worth
any more marks,
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Comment:

The candidate refers to the ‘Big Bang’ as the basis of their explanation. This is not the correct physics
for an answer to this question. This candidate has not shown that they have any understanding of the
relevant physics.
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Comment:

This answer correctly states that “it takes light time to travel to earth” but there is no detail about why
this is the case. Appropriate mention of the vast distances to stars, the speed of light and the relationship
between distance, speed and time would have strengthened the answer considerably.



Candidate Answer 13:

% MY dwrened X e beoevce i,
| b

loo b_-u\o\:s o

) obyects  we She IFhi ap 4 e llod
"t M% off eiles ve reach W and sl g

et A Lol g g fegl

Mrv:) ek ey Ho reach %0 e tehe

Lo JErS LETRP B Ao tlre- ! ,}H}"" ‘(im e EC& LI
v 0 which & e Ve 1@?“"\7 hach b, *‘Mz,. )

P S W g9, -

Mark Awarded; 1
Comment:

This answer demonstrates limited understanding. The enormity of the distances to the stars has not been
fully appreciated. The value of the speed of light could have been stated (and even an example of the

time taken calculated). The ‘example’ of “300 years” indicates that the candidate does not fully
appreciate the issue. '
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Comment: ,
This candidate has shown that she/he does not understand the appropriate physics.
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Comment;

This answer shows a basic understanding of the issue but it really only keeps repeating that it takes light
time to reach the Earth.
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Comment:

There is nothing in this response which actually answers the question. The only conclusion a marker can
come to is that the candidate has no understanding of the issue. '
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Comment:
This candidate “partially” agrees with the presenter but provides no physics principles to explain why,
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Comment:

This candidate’s response shows that he/she has no understanding of the issue. None of the ‘reasons’
given are relevant.
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Comment: '
This answer shows a minimal understanding of the issue but it lacks any explanation about why it takes
time for light to travel to the Earth from the stars.
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Comment:

This answer shows a minimal understanding of the issue but it lacks any explanation about why it takes
time for light to travel fo the Earth from the stars. It simply states that “we know stars are light years
away”.
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Comment;

This answer makes 1t clear that the candidate does not understand the issue at all, He/She seems to think

that the reason is the expansion of the Universe,
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Comment;

A minimal level of understanding is shown by this answer. The candidate implies that light takes
“hundreds of years” to travel “millions of miles” — this is, at best, weak physics. '
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Comment:

There is an appreciation of the vastness of space. The speed of light is quoted (though the units are
missing). Referring to “light that is very old” is not technically correct, although understandable at
Higher. Overall, a reasonable level of understanding has been shown.,
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Comment;

This candidate’s answer starts off being a bit tentative. She/He says the given statement is “sort of true”
There is then a correct implication that light takes a long time to reach the Earth. The term ‘light year’ is
a distance, but the candidate uses it as if it were a unit of time. The final reference to “seeing old light
like you would if looking at an old painting” does not strengthen the marker’s opinion about the
candidate’s level of understanding! Overall, there seems to be enough evidence that the candidate has a
limited level of understanding of the correct physics.
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Comment:

There is reference to the speed of light, though no units are given. There is appreciation of the vastness
of space. It is stated that light has taken a long time to travel from the stars, but there is no real
explanation.
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Comment:

This answer is a strong ‘2°. The second half of the answer tends to be repetitive rather than adding to
what has already been said. Stating the relationship between distance, speed and time would have

improved the explanation and made the answer a secure ‘3°.
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Comment;

A reasonable level of explanation has been demonstrated by this answer. The candidate possibly
possesses a good level of understanding but he/she needs to give a stronger explanation to show that this
is the case. For example, the candidate could have stated the speed of light and also quoted the
relationship between distance, speed and time in order to justify the statement that “light takes time to

travel distances™.
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Comment: .

This is another example of a candidate showing that they have not understood that the relevant physics
is that light takes significant time to travel the vast distances across the universe. Instead, they have
wrongly discussed time dilation which is to do with differing values of elapsed time for different frames
of reference.

Candidate Answer 29:
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Comment:

There is nothing wrong stated in this answer, However, the answer is quite weak for several reasons.
There is no obvious appreciation of the true vastness of space. There is no explanation about why it
takes time for light to travel from the stars to the Earth. Giving the value of the speed of light and stating
the relationship between distance, speed and time would have improved the explanation.



Candidate Answer 30:
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Comment:
This answer merely states that the light entering the telescope “left stars a long time ago”. The reasons
for this being the case are not given.
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Comment;
This candidate shows no understanding of the issue. Stating “the light that you see hasn’t reached Earth
yet” shows this lack of understanding.
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Comment:

The statement that “you couldn’t experience this effect with a normal telescope” is wrong. The answer
should really refer to viewing stars, not planets. It is wrong to state that “the light has not yet travelled
far enough” (otherwise we would not be seeing it). This answer has not demonstrated any understanding
of the issue,
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Comment:

This answer discusses the expansion of the universe, but this is not relevant. In the last sentence, the
candidate seems to be stating that using a telescope reverses this expansion! No understanding of the
issue has been shown,



2013, question 27

A science textbook contuins the following diagram of an atom.

Use your knowledge of physics to comment on this diagram.
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Comment:

This candidate has followed the instruction in the question to “comment on this diagram”. He/She has
discussed issues of labelling, scale and detail of structure. There may be some concerns about “/arge
centre” and “Many kilometres away”. This answer shows reasonable understanding.
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Comment:
This candidate has followed the instruction in the question to “comment on this diagram”. He/She has

correctly discussed various relevant issues. This answer is in the ‘range’ of good understanding.
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Comment:

The majority of this answer is not directly commenting on the diagram as had been instructed. A large
proportion is about the Standard Model. The candidate’s discussion then returns to the diagram in the
fast three sentences. Some might argue that only limited understanding has been demonstrated but,
overall, reasonable understanding has been shown.
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Comment;

Although it is correct to say “the electrons are too big”, this point could be stated by many students in
the earlier years of secondary school, The answer contains major errors, e.g. the term “valence bands” is
not relevant for an atom, the references to antimatier particles are inappropriate. This answer
demonstrates no real understanding of the correct physics for this level of study.
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Comment:

Although the candidate has identified electrons and their orbits, she/he has also referred to the “atom” in
the middle rather than the nucleus. This causes a marker to reconsider what was meant by the first
sentence which states “an atom has three electrons orbiting it”, Overall, no real understanding has been
demonstrated.
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Comment: _
This candidate has shown some understanding of the structure of the atom — although the two different
misspellings of “nucleus” are disappointing. This answer is at the upper end of limited understanding.
The answer could have been improved by

o discussing the relative sizes of the particles representing the electrons and the nucleus

e discussing the particle sizes compared to the distance shown between them

e stating information about the charges carried by the different particles (i.e. further information

about the lack of labelling)

e clarify what is meant by “protons and neutrons that make the nucleus”
However, it must be stressed that this is not meant to imply that there is a specific list of points that a
candidate must make in order to gain the marks.
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Comment: -
The issue about the lack of labelling has been addressed. In the first sentence, there is a lack of clarity

about the charge of the neutron. The electrons are said to be “around about the afom” rather than saying
that they orbit the nucleus. The statement “... electrons which help keep the atom stable with negative

charge” is, at best, unclear and might even imply misunderstanding,
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Comment:
The issue about the lack of labelling has been addressed, although it is disappointing that, at Higher, a

candidate cannot spell “neutron” correctly. Most of the rest of the answer does not discuss the diagram
as had been instructed.
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Comment:
The candidate has addressed the issue about the lack of labelling, although the misspelling of “nucleus™

is disappointing. There is a hint regarding the issue about the distance scale, but this has not been
discussed in sufficient detail. ‘
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Comment;

The issue regarding the lack of labelling has been addressed by this candidate. The major issues about
the scale of the particle sizes and the distance between them have not been mentioned.
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Comment:

This answer does not significantly discuss the diagram as had been instructed. It wrongly refers to an
electron moving round the “atom” rather than the “nucleus” — electrons are part of the atom.
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Comment:

Issues of scale have been addressed. Issues regarding the lack of labelling have been addressed by
implication. Providing further detail about the charges on particles or making appropriate reference to
protons and neufrons could have improved this answer to a ¢3°.
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Comment:

This answer mainly addresses the issue about the lack of labelling. The major issues about the scale of
the particle sizes and the distance between them have not been mentioned.
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Comment:
The lack of labelling of the diagram has been addressed implicitly in this answer. The major issues about
the scale of the particle sizes and the distance between them have not been mentioned.
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Comment;

The lack of labelling issue has been addressed. There is discussion of the charges on the different
particles. There are references to scale factors by stating, “atoms ate mainly made up of ‘empty’ space”
and by discussing the masses of the nucleus and the electron. However, relative sizes and distances are
not specifically discussed.
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Comment: :

The first sentence is fine — it is commenting on the diagram as instructed. In the second last sentence
there is also a correct reference to electrons orbiting the nucleus. However, the majority of this answer
only provides information about the Standard Model and does not discuss issues about the diagram.
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Mark Awarded: 3

Comment:

This answer addresses the issues about labelling and scale quite well. It provides sufficient evidence for
a marker to believe that this candidate has good understanding.
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Comment:;

This candidate response mainly discusses Rutherford’s experiment and conclusions from it. There is
actually no reference made to the diagram and so it is not answering the question
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Mark Awarded:; 2

Comment:

This answer starts well but becomes weaker at the end. Labelling issues have been addressed. There is
elaboration about electron orbits/energy levels. However, the reference to “unstable” is not appropriate —
does the candidate think this atom is radioactive?
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Comment;

Initially it appears that the lack of labelling has been addressed. However, this candidate has stated that
one of the orbiting particles is a proton.
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Mark Awarded: 1

Comment:
This is a minimal answer to address the lack of labelling issue.
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Comment:

The labelling issue has not been sufficiently addressed. There is a reference to one of the scaling issues,
but it is not discussed in detail or particularly clearly,
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Mark Awarded: 2

Comment;

~ Labelling and scaling issues have been identified and discussed, but not in sufficient detail for a ‘3’ to be

awarded,
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Comment:
There is the minimum amount of information in this answer regarding labelling of the diagram fora 1’
to be awarded.
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Mark Awarded: 2

Comment:
This answer contains enough information for a marker to believe the candidate has more than limited
understanding, but not enough to be sure of good understanding.



Candidate Answer 26:
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Mark Awarded: 1

Comment:
This answer provides the minimum amount of information regarding labelling of the diagram fora ‘1° to
be awarded. :

Candidate Answer 27:

O The ddom s pode wp ok MesHy space, preven
bj Ecoest Pudholord's  expelient (ion e shak
poctcles sﬁ,\r@ugb o e g\m&iﬁg@id.
- The Auclpts of the odsd i Made up of prtots and
fetrons e w huea are Mode from quostes;
e Gndamente] mefiles oldhe ulverse |

. )
L= £ o

Gl o1 nd CQ!‘E;LSP* %)‘(l Yttt
Up  Deuam, Shrowge ( Clioria, Top and Bellom 1aluicha
buld, up e proterE and neudrers ol the nucleye and are
loaung. '{QSQM using the Sh*ag ondh weale aucloas (oree
Pudborbed's expefivent proved dod the odur yag
Mode up o Moty Spaoe ag paol ok de parbilec

h ,
s bem?;éak@m ﬁeﬁ 3@@ A (}@Nec}d and a

Mark Awarded: 1

Comment:

Much of this answer is a discussion of Rutherford’s experiment and the Standard Model. However, it
can be argued there is enough in the first two bullet points (which could be referring to the diagram)
about the names of particles for limited understanding to be shown.
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Comment;

Labelling and scaling issues have been identified and discussed, but not in sufficient detail for a 3° to be
awarded.
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Comment;

Labelling and scaling issues have been identified and discussed, but more detail could have been given.

There are weaknesses in some statements, e.g. “to counteract the charges of ...”, “there are not only
three particles there are also bosons ...”
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Mark Awarded: 3

Comment:
The main issues have been identified and discussed in sufficient detail to show ‘good’ understanding.
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Comment:
The scaling issues have been identified — more discussion on this would have been preferred.
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Comment:

Only the issue about the lack of labelling has been addressed.

Candidatg: Answer 33:
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Comment;

The labelling issue has only been partially addressed — it is disappointing that a Higher candidate cannot
spell “nucleus” correctly. There is some reference to the charges on particles. Protons have been
discussed, but there is no mention of neutrons. There is no mention of scaling issues.



