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Introduction

The assessment structure of Advanced Paper 2 is the same as that of Paper 1, consisting of
ten multiple choice questions and a number of short answer questions followed by longer,
structured questions based on contexts of varying familiarity.

This paper allowed candidates of all abilities to demonstrate their knowledge and
understanding of Physics by applying them to a range of contexts with differing levels of
familiarity.

Candidates at the lower end of the range could complete calculations involving simple
substitution and limited rearrangement, including structured series of calculations, but could
not always tackle calculations involving several steps or other complications, such as using
temperature changes in specific heat capacity calculations and temperatures in kelvin with
gas equations. They also knew some significant points in explanations linked to standard
situations, such as atomic spectra and diffraction gratings, but frequently missed important
details and did not always set out their ideas in a logical sequence, sometimes just quoting as
many key points as they could remember without particular reference to the context.

Steady improvement was demonstrated in all of these areas through the range of increasing
ability and at the higher end, all calculations were completed faultlessly and most points
were included in ordered explanations of the situations in the questions.
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Question 11

While candidates were helped by knowing the effect of a thicker string on frequency from
experience, the requirement in this question was to use the information provided regarding
the length and tension to arrive at the answer by a process of logical deduction, which a
majority of candidates achieved, being awarded at least three marks. Few candidates were
unable to state that the mass per unit length was greater, although some omitted ‘per unit
length’, and most candidates who mentioned that knew that this resulted in a lower wave
speed, although not all quoted the relationship v = V(T/m) to justify this. Those candidates
obtaining three marks arrived at the correct conclusion but did not include a reference to the
constant wavelength.

Some candidates confused T for tension with T for period and said v is constant, so if m
increases, period increases and frequency decreases.
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11 The photograph shows a stringed instrument called a cello being played with a bow.

(Source: © Vadim Ponomarenko/Alamy Stock Photo)
A standing wave forms on a cello string when the bow moves across the string.

Deduce whether a thicker string will produce a note of higher or lower frequency
compared with a thinner string.

Assume each string is the ia-n_n_a_lg_ggt_h and at the same tension.

i MMM f 5 DOASS. QL a0 £ o Waa.

Bt v - (Total for Question 11 = 4 marks)
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3 marks. This follows the required steps, only failing to state that the
wavelength is the same.
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11 The photograph shows a stringed instrument called a cello being played with a bow.

(Source: © Vadim Ponomarenko/Alamy Stock Photo)
A standing wave forms on a cello string when the bow moves across the string.

Deduce whether a thicker string will produce a note of higher or lower frequency
compared with a thinner string.

Assume each string is the same length and at the same tension.
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4 marks. This includes all of the relevant physics but approaches it in
terms of the thinner string. As there are only two possibilities, this
answers the question.
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Question 12

The great majority of candidates applied the equation AE = mcA@ and demonstrated an
understanding of the application of conservation of energy to the situation, equating energy
lost by the block to energy gained by the container of water, although many candidates did
not include the glass. Nearly half of the candidates were able to complete this to calculate
the correct value for specific heat capacity. Only about a quarter of these, however, correctly
explained that the block was copper by referring to energy transferred to the surroundings.
Most candidates assumed incorrectly that, as the value was closest to that for tin, tin was the
metal used. A substantial minority of candidates were unable to complete the calculation
correctly because they either used the stated temperatures without calculating a
temperature change, or they used the temperature change of 4 K for the block as well as the
water and the glass container. A few candidates went further astray by converting Celsius
temperatures to kelvin.
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12 A student placed a metal block of mass 220g in boiling water at 100°C for
several minutes. -

The student then transferred the metal block into_300g of water at 19°C inside a glass
container of mass 50 g, The final temperature of the water was_gi;_'g""

The table shows specific heat capacity values for copper and tin.

Metal copper tin

Specific heat capacity / Jkg” K™ | 390 230

Deduce whether the metal block was made from copper or tin.

specific heat capacity of water = 4200J kg™ K™
specific heat capacity of glass = 840Jkg' K™

2 marks. In this response the specific heat capacity has been calculated
correctly, but the conclusion is incorrect as it has been based on which
of the values is closer without considering whether practical factors,
such as heat transferred to the surroundings, would be expected to
make the final result smaller or greater than expected.
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12 A student placed a metal block of mass 220 g in boiling water at 100°C for
several minutes. | | osserat R blete reownes

l00°C  befare baong, (eprov
The student then transferred the metal block into 300 g of water at"19°C inside a glass

container of mass 50g. The final temperature of the water was 23 °C.
The table shows specific heat capacity values for copper and tin.

Metal copper tin

Specific heat capacity / Jkg” K™ | 390 230

Deduce whether the metal block was made from copper or tin.

specific heat capacity of water = 4200J kf-] K
specific heat capacity of glass = 840Jkg 'K
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5 marks. This response shows a different approach by considering the
maximum energy transferable by each block. The required
comparisons are made, leading to a correct conclusion.

v ResultsPlus
<

Examiner Tip
Where you are asked to make a judgement or to come to a conclusion
by command words such as ‘determine whether’ or ‘deduce whether’,
you must make a clear statement, including any values being
compared. If it is a numerical comparison, you must show all steps in
your calculation.

GCE Physics 9PHO0 02 10



Question 13 (a)

About half of the candidates gained at least two marks, being far more likely to be awarded
them for describing the conditions required for fusion in a star than in a fusion reactor. The
mark for very high temperature applied in either case and was frequently not awarded
because of a lack of detail with candidates stating ‘high temperature’ rather than ‘very high
temperature’.

Quite a few candidates either misinterpreted the question or simply applied a learned
response from a previous mark scheme because they explained the conditions in a star
rather than describing them. For example, they wrote that a very high temperature was
required so that nuclei had sufficient kinetic energy to overcome the Coulomb repulsion, but
the mark only required ‘very high temperature’. While there is nothing wrong with the extra
information, it suggests that some candidates should remind themselves of the
requirements indicated by different command words, such as ‘describe’ versus ‘explain’ so
that they are sure to include the required detail.

13 A fusion research centre was opened in Rotherham in 2021. The centre has a device
which tests materials in the extreme conditions found inside a fusion reactor.

(a) Describe the extreme conditions inside a fusion reactor.

- Roron rods. ove used. fo codrel e reackoc, Exreme Repakwes ol
A0 o e 00 Qotlision &S m;olm\% it S\ spoeds

s N N
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,

N / ResultsPlus
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0 marks. This is clearly referring to fission rather than fusion, but it still
makes a comment about temperature. Extreme temperature could
refer to extremely high or extremely low, so it is not credited.
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13 A fusion research centre was opened in Rotherham in 2021, The centre has a device
which tests materials in the extreme conditions found inside a fusion reactor.

(a) Describe the extreme conditions inside a fusion reactor.
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%ﬁ ResultsPlus
Examiner Comments

2 marks. The question asks for a description, with three marks
indicating three conditions, but this response gives explanations for

two conditions and is remarkably similar to the answer required for a
question seen in previous series about fusion in stars.

- V ResultsPlus
\_/

| Examiner Tip
Questions may be similar to something you have seen in a previous
paper, but they are unlikely to be identical. Beware of giving a
prepared answer to a different question.
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Question 13 (b)

While the majority of candidates gained some credit for this question, very few obtained all
three marks.

Candidates were able to demonstrate some knowledge and understanding of binding energy
related to fusion, but responses often lacked sufficient detail, with imprecise descriptions of
the process of fusion, for example, not including reference to smaller nuclei fusing to make
larger nuclei. References to the graph rarely included numerical data demonstrating the
increase in binding energy per nucleon, sometimes just stating, incorrectly, that fusion only
occurs for nuclei with a nucleon number below 55. There was also evidence of confusion with
the terms nuclei, nucleon and nuclide.

13 GCE Physics 9PHO 02



(b) The graph shows how the binding energy per nucleon varies with nucleon number
for a range of nuclides.

10

9

Il N

Binding energy
per nucleon 5
/ MeV

0 50 100 150 200 250
Nucleon number

Explain why the fusion of nuclei can produce large amounts of energy. Your answer
should refer to information from the graph.

3
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ResultsPlus

Examiner Comments
2 marks. The first two points are as required, but it just says it is
supported by the graph without extracting any particular information
from the graph to demonstrate this support.
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(b) The graph shows how the binding energy per nucleon varies with nucleon number
for a range of nuclides.
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Explain why the fusion of nuclei can produce large amounts of energy. Your answer
should refer to information from the graph.
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2 marks. This response is a good example of using data from the graph
effectively, but it misses the first mark because there is no clear
statement about the mentioned smaller nuclei fusing to make the
larger one.
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Question 14 (a)

This was intentionally a high demand question and only about a fifth of candidates were able
to gain credit for their responses, usually for stating that energy must be supplied in order to
convert a liquid to a gas. Candidates rarely referred to the internal energy of the liquid at any
stage, and even more rarely stated was how it affected the temperature of the cylinder itself.
A very frequent response was to attempt to explain this using gas laws. One version of this
involved saying that the pressure will decrease as gas leaves the cylinder and pressure is
proportional to temperature, so temperature decreases. Even if candidates quoted pV = NKT,
they failed to appreciate that their explanation would require constant N and so was clearly
not appropriate. Whatever candidates wrote about the gas was ultimately irrelevant,
however, because they needed to discuss the internal energy of the liquid and/or the
cylinder, which they did not tend to do.
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14 The fuel used in a camping stove is butane, which is stored in a canister as shown.

butane canister

camping stove

Some of the butane in the canister is in a liquid state, and some is a gas.
(a) When the stove uses the butane gas, some of the liquid butane evaporates.

Explain why the temperature of the canister decreases when the stove is used.
3)

__ sﬁﬁr.ws S e A (rlake l-.‘ Hoe Spﬂ.mﬁr- ek (o
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ﬂ/ { ResultsPlus
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2 marks. This includes most of the relevant points but lacks a final
statement relating to the temperature or the internal energy of the
canister.
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14 The fuel used in a camping stove is butane, which is stored in a canister as shown.

. butane canister

camping stove

Some of the butane in the canister is in a liquid state, and some is a gas.
(a) When the stove uses the butane gas, some of the liquid butane evaporates.

Explain why the temperature of the canister decreases when the stove is used.
(3)
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3 marks. A succinct answer including all of the required points.
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Question 14 (b)(i)-(ii)

Candidates performed well on this multistage calculation across the ability range, with about
half being awarded full marks. The common errors in Q14(b)(i) were failing to convert
temperature to kelvin or using an incorrect formula to calculate volume. A few candidates
also chose the wrong constant k, using the Coulomb law constant rather than the Boltzmann
constant.

In Q14(b)(ii) the most common error was failing to complete the final square root and leaving
the mean square value, although we might have expected candidates to realise that 130 000

m s~ ! is too fast. Some candidates calculated the correct value but omitted the unit and so
were not awarded the final mark.
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(b) The pressure inside the canister is 220 kPa and the temperature of the gas is 21°C.
(i) The canister is in the shape of a cylinder of length 0.23 m and radius 0.11m.
Calculate the number of molecules of butane gas in the canister.
Assume the volume of liquid butane inside the canister is negligible.

..................................................................................................................................................................................................................................................

2 220x103 2 B Bn@ 2 N

(4
ko x2aax. N WA
Number of molecules of butane gas = L 3An0*®
(ii) Calculate the r.m.s. speed of the molecules of butane gas.
mass of butane molecule = 9.6 x 10™kg
(2)
\ a
..... Ve VaNm e
220x0> g Funlo 1 O S
..... T LN
r.m.s. speed = U‘:‘f_ ........... e T
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Q14(b)(i) 2 marks. The volume calculation is correct and temperature
has been converted to kelvin. The third mark for use of pV = NkT is not
awarded because the Boltzmann constant has been left as k and not
substituted using the value given in the paper.

Q14(b)(ii) 2 marks. Using the value for N in Q14(b)(i) this has been
processed correctly, so full marks are awarded with the error carried
forward.

5\ ResultsPlus

\ Examiner Tip

Where you do not get the correct final answer, you may still be
awarded marks for your working. For this mark to be awarded, there
must be full substitution of values, including all constants, into a

correct equation and there must be one unknown only.
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(b) The pressure inside the canister is 220 kPa and the temperature of the gas is 21 °C.
(i) The canister is in the shape of a cylinder of length 0.23 m and radius 0.11 m.
Calculate the number of molecules of butane gas in the canister.

Assume the volume of liquid butane inside the canister is negligible.

4)
'lq”t
220k x (@ WM xe-13) = NQ 28 mo’”’) Qm)
H-OATlxwo
1293415 ) I
Nz W MU xt Lzsc)._

Number of molecules of butane gas = . “-FUxod

(i) Calculate the r.m.s. speed of the molecules of butane gas.

mass of butane molecule = 9.6 x 10™°kg

@)
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Cetz =z \Tes\btua . CameT.28..5.26)8
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.J::\ —
ﬂ/ { ResultsPlus
/--.. Examiner Comments

Q14(b)(i) 4 marks. Fully correct answer.

Q14(b)(ii)) 1 mark. The correct answer has been calculated, but the
response indicates uncertainty about what is meant by r.m.s. in this
context and it is treated as it would be for an alternating current, so
the final answer mark is not awarded. Note also the unnecessary
number of significant figures in the working. These are not penalised,
but writing too many digits can make it easier to transpose them or
miss some out while copying them from the calculator display.
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Question 15 (a)(i)

While very few candidates did not understand this relatively familiar derivation, slightly
over a third were not awarded the mark because they showed too few stages, subsuming
speed = distance / time into another step and not stating it separately.

15 The photograph below was taken by the James Webb Space Telescope (JWST)

and shows a group of galaxies that formed shortly after the big bang, about
13 x 10” years ago.

(Source: © NASA, ESA, CSA, STScD
(a) (i) Derive the equation T = 1/H, where T is the age of the universe.

y=thd

(1

AW

™
\ "

N / ResultsPlus
/'--.". Examiner Comments

0 marks. v = d/t has been substituted without being shown separately.

s | 4

ResultsPlus
<\

Examiner Tip

When deriving an equation, be sure to show each of the equations
being used separately before substituting it.
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15 The photograph below was taken by the James Webb Space Telescope (JWST)
and shows a group of galaxies that formed shortly after the big bang, about
13 x 10° years ago.

(Source; © NASA, ESA, CSA, STScl)

(a) (i) Derive the equation T = I/H, where T is the age of the universe.

N _ d. (1)

— = H 5 = = ..L
RTER— - 0':4 : bﬂp - TrH;,

™,

p / ResultsPlus
/'--.'; Examiner Comments

1 mark. This shows all the required steps.
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Question 15 (a)(ii)

Only about a third of candidates stated an appropriate assumption. Some were too general,
such as ‘nothing can exceed the speed of light, or already in the question, such as ‘the

Universe started expanding 13 x 10° years ago’, or already part of the derivation, such as
‘distance is proportional to time'. Others were ambiguous, such as ‘speed is constant’, without
indicating which speed, or incorrect, such as ‘the speed of the Universe is constant’ rather
than ‘the speed of Maisie is constant'.

(ii) State one assumption made in your derivation.

AN
\( { ResultsPlus
/'--. Examiner Comments

0 marks. This refers to the constant speed of the Universe, but the
Hubble equation assumes different speeds for galaxies at different
distances, so it is not awarded the constant speed mark which should
refer to the galaxy Maisie.

(ii) State one assumption made in your derivation.

ﬂw{' ﬂc Mw ey il d 'Milf;ﬁ
W N @M%

\( / ResultsPlus

Examiner Comments

0 marks. This is a contradictory answer because if the galaxy has a
speed that isn't changing it must have a distance that is changing.
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(i) State one assumption made in your derivation.
(1)

______ T Q. 1Oa ook MLGUGUAL B o gl AN,
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ResultsPlus
Examiner Comments

1 mark. This links constant velocity to particular galaxies.
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Question 15 (a)(iii)

A good majority of candidates were able to calculate the Hubble constant in units of s™! and
almost half of them were able to complete this fully, including a full conclusion with
comparisons of all the relevant values. Those candidates who could not gain on the third
point generally had difficulty in converting to the unit quoted for the range in the question.

(iii) The parsec (pc) is a unit used for astronomical distances. 1 pc is 3.1 x 10"°m
The accepted range for the Hubble constant H, is (60-80)km s™' Mpc ™.

Deduce whether the observation by the JWST leads to a value of H, within the
accepted range.

1 year =3.16 x 10"s

3
B oo

—.2.42427 9586 x (0”8 2

.-"'-F--. -
~ ResultsPlus
/---. Examiner Comments
2 marks. This is an acceptable approach, that involves a bit more work.
The answers are correct, but there is no conclusion.
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We parsec (pc) is a unit used for astronomical distances. 1 pc is 3.1 x 10"*m.

e accepted range for the Hubble constant H is (60-80)km s™' Mpc ™.
Deduce whether the observation by the JW%T leads to a value of H, within the
accepted range. .‘P( 3-ixj0

1 year = 3.16 x 10's & ?3
>
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Examiner Comments

3 marks. This is another method, well set out, and includes a clear

conclusion with the comparison of values supported by the conversion

of the age of the Universe to the same power of ten as the calculated
answers.
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Question 15 (b)(i)

Most candidates attempted to apply the redshift equation, but a majority of those who did
incorrectly used the wavelength of the detected radiation as the denominator when they
should have used the wavelength of the emitted radiation as the denominator and the
difference between the wavelengths as the numerator. The numerator was often incorrectly
given as initial wavelength minus final wavelength rather than the converse.

Quite a few candidates who correctly substituted into the red shift equation made an
algebraic error in their final rearrangement, subtracting A from 144 rather than adding it.

(b) The light from one of the galaxies, called Maisie, has a redshift z of 14.
The wavelength of light from Maisie detected at the telescope is 4.0 x 10°m and
lies within the infrared section of the electromagnetic spectrum.

(i) Calculate the wavelength of light emitted by Maisie.

3)
2= 2
s - 1
-5
Wavelength emitted = (y/b"‘\ .

N
\/ 2{ ResultsPlus

Examiner Comments

1 mark. This demonstrates two of the errors described.

" J
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(b) The light from one of the galaxies, called Maisie, has a redshift z of 14. :;.
The wavelength of light from Maisie detected at the telescope is 4.0 x 10"m and P
lies within the infrared section of the electromagnetic spectrum. \J

L
%

(1) Calculate the wavelength of light emitted by Maisie.

.......................................... "\)*30?\19

Wavelength emitted =3 D% X( l}

ﬂ ResultsPlus
Examiner Comments

2 marks. The wavelengths have been used correctly, but there is an
algebraic error at the end with the subtraction of 1 when it should be
addition.
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(b) The light from one of the galaxies, called Maisie, has a redshift z of 14.
The wavelength of light from Maisie detected at the telescope is 4.0 x 10°m and
lies within the infrared section of the electromagnetic spectrum.

(i) Calculate the wavelength of light emitted by Maisie.

Wavelength emitted = 2'7“(!0“7 ......

f

ig ResultsPlus
Examiner Comments

2 marks. All of the working is correct, including the calculation of the
final answer, but the unit has been omitted, so the final mark has not
been awarded.

A
/"’ o

/\Vj ResultsPlus

| Examiner Tip
In questions with a specific answer line for a numerical value, you will
not be awarded the final mark for a calculation if the unit is not
included.
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Question 15 (b)(ii)

A large majority of candidates were awarded at least one mark, most frequently the second
mark for stating that Maisie is moving away from the Earth. Others were awarded the first
mark for stating that the wavelength had increased, but many responses lacked sufficient
detail, referring to the light being stretched, or just to the light being redshifted, which they
knew from the question. Some candidates said that it moved to the red end of the spectrum,
but, without reference to the starting point, this was insufficient.

(i) Explain why the light emitted by Maisie arrives at the telescope as infrared.
(2)

~ The wawelength of Iight-emitted s shifted.
*owards%elongef— wavelenytns  whith 5
Jrowards.rﬁdmadmgrmred e

N
\( / ResultsPlus
/'--‘: Examiner Comments

1 mark. Answers that just referred to light being shifted towards the
red end of the spectrum were not awarded marks, but this mentions
longer wavelengths.
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(i) Explain why the light emitted by Maisie arrives at the telescope as infrared.

,L..,..? { 4,—

(2)

.-'II:\ o
S/ ﬁ{ ResultsPlus
/--.. Examiner Comments

2 marks. This response includes reference to 'stretched' but qualifies
this by stating that wavelengths increase. The galaxy is described as
moving away from us.
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Question 15 (¢)

Several approaches were seen. The most common was comparing photon energy in eV with
the work function but many candidates compared the frequency of the radiation with the
threshold frequency. While the majority of candidates were able to apply all of the relevant
formulae for 3 marks, they did not appreciate what they had calculated and made the final
comparison incorrectly, for example concluding that, since 0.31 eV is greater than 0.30 eV,
the detector could not detect the light.

(c) One of the infrared detectors on the JWST is made from material with a work .
function of 0.30eV.

Deduce whether this detector can detect the light from Maisie.
4)

L\} - 0.3 o I G}HD
PRTINTTN

RSy SUEL Y= |
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3 marks. In this response the threshold frequency is calculated and
then used to find the corresponding wavelength. There is a
comparison of wavelengths, but the conclusion is incorrect as there is
a failure to recognise that a longer wavelength represents a lower
photon energy.
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(¢) One of the infrared detectors on the JWST is made from material with a work N e

function of 0.30eV.
——

Deduce whether this detector can detect the light from Maisie.

S ——

3 marks. There is a correct calculation of photon energy in eV and a
correct conclusion, but the energy values have not been directly
compared, so the final mark is not awarded.
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Question 16 (a)

As a concept many will have encountered first at Key Stage 3, candidates clearly knew what
the elastic limit is, but only about a quarter answered the actual question precisely enough to
be awarded a mark. The key missing detail in most cases was a reference to the removal of
the load. A lot of candidates made a statement in terms of not being plastic without saying
what plastic means.

16 The suspension system in a car includes a spring attached to each wheel as shown.

(Source: © Macrovector/Shutterstock)

The car, of mass 1100kg, is stationary. Each sprihg is compressed by 152mm due
to a quarter of the weight of the car. Each spring is well within both the limit of
proportionality and the elastic limit.

(a) State what is meant by within the elastic limit.

(1)

e pask ok winah a. 9,@_ o, Stops. d%m%

N
\( 2{ ResultsPlus
/'--.. Examiner Comments

0 marks. This is not incorrect, but the use of 'elastically' doesn't answer
a question about 'elastic' and just referring to 'plastic' without saying
what is meant by that term is still not answering the question.
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16 The suspension system in a car includes a spring attached to each wheel as shown.

(Source: © Macrovector/Shutterstock)

The car, of mass*100KE, is stationary. Each spring is due
to a Quarteh of the.weight-of the car. Each spring is well within both the limit of
proportionality and the elastic limit.

(a) State what is meant by within the elastic limit.

Ljn’m S\n{ J&mlt; or wauol") wlfwn d«eem .........

iﬁ ResultsPlus
Examiner Comments

1 mark. An example of a correct answer.

(D
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Question 16 (b)(i)-(ii)

As with Q14(b), performance was encouraging in this multi-step calculation, with nearly three
quarters of the candidates straightforwardly gaining at least 5 out of 6 marks. The main error
made by those scoring 5 rather than 6 marks was failing to divide the oscillating mass of the
car equally between the four springs in Q16(b)(ii), even when they did so in Q16(b)(i),
admittedly with the help of a ‘show that’ value to work towards.

A few candidates were able to arrive at a correct result for frequency using the pendulum
formula, but, as this was incorrect physics, they were not awarded marks.
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(b) (i) Show that the stiffness of each spring is about 18000 Nm™".
3)

R SIS I

-\
o — T IFEUG
........................... T i o L SRR SR

(ii) A force is applied to the car which results in a further small compression of each
spring. The force is then removed, and the body of the car oscillates with simple
harmonic motion.

Determine the frequency of the oscillations.

(Vg = 1§00

(3)

cm =

- P
"

(
2
A

s N
|\
—

N i{ ResultsPlus
/'--. Examiner Comments

Q16(b)(i) 3 marks. The calculation is correct and a sufficient number of
stages are included to satisfy the instruction to 'show that'. The answer
is to the required extra significant figure for a 'show that' question.

Q16(b)(ii) 2 marks. The calculation is completed correctly on the left,
including the require factor of four, but it is then repeated incorrectly
on the right. The marks are given for the working, but not the final
answer mark because if there are two answers, one answer is
necessarily incorrect.

e 3\

k":: ResultsPlus
<)

) Examiner Tip
If you give more than one answer to a calculation, you cannot expect
the examiner to choose the correct one for you. Even if you aren't sure
which is correct, cross one of the final answers out.
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(b) (i) Show that the stiffness of each spring is about 18000Nm .

3)
....................... B I A g ————
.................. Bf oy 2 L O0nAR - S HoFAUNL(E e bk,

(ii) A force is applied to the car which results in a further small compression of each

spring. The force is then removed, and the body of the car oscillates with simple
harmonic motion.

Determine the frequency of the oscillations.

RS .. J - L~ |
__________________________________________________________________________________ 8=:r1- = e H

¢ ResultsPlus

Examiner Comments
Q16(b)(i) 3 marks. Fully correct.

Q16(b)(ii) 1 mark. Weight has been used here instead of mass in this
calculation of period. Although it is not strictly a time dimensionally,
the mark has been allowed for 'use of f= 1/T".
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Question 16 (¢)

Half of the candidates scored on this question, despite this being a straightforward set of

conditions that should be memorised but, even if they are not, follow from the SHM
2

formulae, a = —w“x, anyway.

Candidates often stated that acceleration is proportional to displacement but did not refer to
displacement from the equilibrium position. Others referred to specific conditions for
particular examples of SHM, such as within the elastic limit (already seen in (Q16(a)) or small
angles. Other candidates referred to constant frequency, no energy loss, no external forces
and so on.
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(c) State the conditions for simple harmonic mouon
. fim LMMHMMM (2)

...... bon e gnn g g W Pulanay)., BL.........
LMUMARAN.. oD sl . owked e lioiuna... o,

N

ﬂ ResultsPlus
Examiner Comments

1 mark. The mark is awarded for the last line. The other two conditions

are not universal conditions for SHM. The small initial displacement is
more relevant for a pendulum and a driving force at a matched
frequency can be compatible with SHM.

(c) State the conditions for simple harmonic motion.

(2)
movesr M oppesife Niredoea le mcca{wqﬁ,‘b,b

iﬁ ResultsPlus
Examiner Comments

1 mark. The first line, despite the idea of displacement moving, is

sufficient for the second mark, but the required reference to

displacement 'from the equilibrium position' is missing, so no other
mark.
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(c) State the conditions for simple harmonic motion.
(2)

Pwe Q&C Bvaanon a} A bod_.,} MaiIt e olirectn

................................................................................. T T e T LT L T T T T B T R T R L T Ty B T R LR TR EEE E e e R R LR PPN

g ResultsPlus

Examiner Comments

2 marks. The required conditions are given correctly and the extra one
about energy is not actually contradictory, so the marks stand.
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Question 16 (d)

The majority of candidates correctly referred to a large force, and a sizeable minority also
stated that energy is dissipated quickly, this detail being missing from most other responses,
but very few candidates mentioned work at all. In all cases, the relevant phenomenon
required some qualification, large resistive force, large amount of work, energy dissipated
quickly, and this was often the missing factor.
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(d) The oscillations are heavily damped by a piston in the suspension system. The
piston moves within a cylinder filled with oil, as shown. The oil has a high viscosity.

Ttﬂ car

oil

piston

Explain why using oil of high viscosity will produce heavy damping.

2 ResultsPlus

Examiner Comments

3 marks. This refers to drag, work and energy dissipation, but only the
first of these are terms that clearly relate them to heavy damping
when it says viscous drag increases. In fact, it even refers to a slow
decrease in amplitude, which is not what heavy damping produces.
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(d) The oscillations are heavily damped by a piston in the suspension system. The
piston moves within a cylinder filled with oil, as shown. The oil has a high viscosity.

oil

piston

/ ResultsPlus

Examiner Comments

3 marks. This correctly states greater resistive force, more work done
and energy dissipated in shorter time.
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Question 17 (a)

As well as their knowledge and understanding of diffraction gratings, this question assessed
candidates’ ability to give coherent and logically structured answers, which, in most cases,
they did and were awarded all available ‘linkage’ marks.

The most common score for correct answers was 3 out of 6, and this was often either for the
first three points, describing interference in general, possibly in one sentence, or the last
three points, dealing with the resultant pattern. Few candidates dealt with both parts. Some
high scoring responses were seen where the candidate had drawn a diagram showing the
pattern produced, which made it easier to describe it in their explanation.

Answers often gave the impression that candidates weren't familiar with a diffraction grating
pattern, seeming more like a Young's slits description.

The diffraction grating formula was often included, seemingly automatically, but was not
often satisfactorily contextualised, sometimes just leading to ‘red light is diffracted more’
which does not include the required detail about the angle in the formula being the angle of
the maximum of intensity.

Quite a few candidates thought blue light has a longer wavelength than red.

Candidates rarely referred to the colour seen when red and blue mix as magenta, more often
calling it purple, probably thinking of mixing paints rather than light, or even violet, which is
learned as a single spectral colour. These were not penalised, but they did represent a
surprising regression from KS3 and GCSE knowledge and understanding.
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17 Scientists can analyse light from stars that has passed through a diffraction grating.

*(a) Explain the pattern produced when a mixture of blue and red light, from the same

source, passes through a diffraction grating.
(6)
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iﬁ ResultsPlus
Examiner Comments

3 marks. This gets the first three IC points, but no more. The reference
to red and blue making purple is not linked to the central maximum. 3
IC points score 2 marks and 1 mark is awarded for the structure and
linkage, so 3 marks in total.
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17 Scientists can analyse light from stars that has passed through a diffraction grating.

*(a) Explain the pattern produced when a mixture of blue and red light, from the same
source, passes through a diffraction grating.

.....................................................................................................................................................................................................

........................................ N _is. ol FFeveunt G blue cudh red Lz
...................................... b rr"hfo[ue,L»%m&msaw{eywmc’/c%/
........ Wffa(ﬁav:@m(amgﬂ“ww?/mg/%,
SOMSwﬁP@rHv’ﬁ(gwerfo&w

Lu;%l%,ere?(/(ﬁéf,Som(a/U{
Al be A FCacleod af o Sm

Comparcd  fo (te yeel Lght.. ..

iﬁ ResultsPlus
Examiner Comments

2 marks. The marks here are in the second half of the IC points,
specifically IC5 and 1C6 for linking the wavelength to the angle of
diffraction and applying it correctly to blue as having the shorter
wavelength. Note that this says blue light is diffracted at a smaller
angle and not just diffracted less, which was not sufficient when stated
thus.
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17 Scientists can analyse light from stars that has passed through a diffraction grating.

*(a) Explain the pattern produced when a mixture of blue and red light, from the same
source, passes through a diffraction grating.

(6)

na 46 aN=AsmG-  Smee dise . .

iz ResultsPlus
Examiner Comments

6 marks. Relatively infrequent, but this is an example of a full mark
response.
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Question 17 (b)(i)

Generally, the likelihood of a particular mark being awarded decreased in the order of the
marks in the mark scheme. Most candidates were awarded the first mark for including a
statement about electrons existing in fixed energy levels. A good number went on to get the
second mark for excitation following photon absorption, a number of those linked photon
energy to the difference in energy levels and a proportion of those finally made the
connection to the absorption of specific frequencies only.

Some candidates went on from the first mark to describe the formation of an emission
spectrum rather than an absorption spectrum and gained no more marks. Others failed to
mention photons at any stage.

When candidates referred to E = hf, they did not always make it clear that this referred to
photon energy, so it could not contribute to the award of the final mark.
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(b) A spectrum of the visible light emitted by a particular star is shown.

Wavelength (nm)
400 420 440 460 480 500 520 540 560 580 600 620 640 660 680 70(

G’ (hydrogen) F (hydrogen) b (magnesium) D (sodium) C (hydrogen)

(Source: © Universal Images Group North America LLC/Alamy Stock Photo)

(i) Light interacts with atoms as it passes through the atmosphere of the star.

Explain how this leads to the formation of the dark lines within the spectrum.
(4
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% ResultsPlus
Examiner Comments

2 marks. Discrete energy levels for electrons and excitation following
photon absorption are correctly described, but the rest is about

emission spectra.
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(b) A spectrum of the visible light emitted by a particular star is shown.

Wavelength (nm)
400 420 440 460 480 500 520 540 560 580 600 620 640 660 680 70

ioc o RO P sclow ornge red

G' (hydrogen)  F (hydrogen) b (magnesium) D (sodium) C (hydrogen)
(Source: © Universal Images Group North America LLC/Alamy Stock Photo)

(i) Light interacts with atoms as it passes through the atmosphere of the star.
7 :

Explain how this leads to the formation of the dark lines within the spectrum.

Examiner Comments

3 marks. This deals with the first three marking points but does not
make the final length to specific frequencies or wavelengths.
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Question 17 (b)(ii)

The great majority of candidates were able to apply Wien's law to calculate the frequency of
maximum intensity and about half of the entry drew a curve with the maximum at this
position using the scale provided. Only about one in ten candidates drew the rest of the
curve correctly, with the great majority starting their curve from zero intensity at a
wavelength of zero and the curve generally being wider on the left than the right, rather than
vice versa as required.

(ii) The surface temperature of the star is 5800 K.

On the axes below, sketch a graph of the intensity of radiation against the
wavelength of that radiation for this star.

(4)
o e T R 8IE KO
xmae. = %:B98x0-3 = L4917 x07 M m a u 4974
5¢00

M

Intensity

v

.

U L]
0.5
Wavelength / pm

ﬂﬂesuﬁsﬂus

Examiner Comments

3 marks. The calculation and peak are fine, but this curve is always
wider on the left, so no final mark.
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(i) The surface temperature of the star is 5800 K.
On the axes below, sketch a graph of the intensity of radiation against the
wavelength of that radiation for this star.

b
Intensity r
I
i
| B
L
0 oS L
Wavelength / pm
ResultsPlus
Examiner Comments
4 marks. Relatively rare, but this response fulfilled the requirements

for the curve.
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Question 17 (b)(iii)

The great majority of candidates were awarded the first marks for stating that fusion takes
place. They often stated that this led to a force to balance gravitational forces, but only
infrequently gave the required added detail that this was because of the energy released by

fusion.

(iii) This star is a main sequence star.

Explain why main sequence stars do not collapse due to gravitational forces.
(2

1\&'— Cm-un. ......... b‘w&. k. otCiars.. PWJM C‘Ab Qr{:—&)%&&ﬂr
............. {'Ufc.s«s.olme &g{nrgpﬂ%mmkﬁ%b—gcﬂ&mm

I\

<&£ ResultsPlus
Examiner Comments

1 mark. A typical response, mentioning fusion, for 1 mark, and a force
to balance gravitational forces, but not energy or high temperature.

(iii) This star is a main sequence star.

Explain why main sequence stars do not collapse due to gravitational forces,

2)

I\

%j ResultsPlus
Examiner Comments

2 marks. An example of a response including all of the relevant points.
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Question 18 (a)

A large number of candidates described their conclusions about the image rather than the
object, for example that the image would be upside down or magnified etc. Those who
deduced that the object was far away were most likely to explain it using the thin lens
formula with v = f, reference to parallel rays was rarer.

The lack of familiarity with this situation suggests that candidates may not have much
practical experience with lenses, and certainly not the quick method to obtain an
approximate value of the focal length by focusing an image of outside the lab window.
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18 Galileo 1s credited with inventing the first telescope in 1610, The picture shows an early
demonstration of the telescope.

(Source: © CPA Media Pte Ltd/Alamy Stock Photo)

A converging lens was positioned at one end of the telescope. A diverging lens was
placed at the other end and a person looked through this lens.

(a) The converging lens produced an image at a distance equal to the focal length of
the lens.

Explain what can be concluded about the object being viewed.
(2)

The obsect oy R than b Gl lopgtn 05 prodaced

o veal  wage The gbiect was Wy far away

N &{ ResultsPlus
/'--.. Examiner Comments

1 mark. This response shows some recall of the effect of object
distance relative to the focal length on image distance but does not
support this in order to gain the other mark.
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18 Galileo is credited with inventing the first telescope in 1610. The picture shows an early
demonstration of the telescope.

{Source: © CPA Media Pte Ltd/Alamy Stock Photo)

A converging lens was positioned at one end of the telescope. A diverging lens was
placed at the other end and a person looked through this lens.

(a) The converging lens produced an image at a distance equal to the focal length of
the lens.

Explain what can be concluded about the object being viewed.
(2)

¥ \Yi li: 1% b'|

S/ ‘\/ ResultsPlus
/‘--. Examiner Comments

2 marks. This response uses the lens formula to support the
conclusion that the object is at infinity.

\. J
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Question 18 (b)

Most candidates gained at least one mark, more frequently for ‘upright’, but only about a
third gained both.

Those candidates not awarded the mark for 'virtual' often described the conditions for the
formation of a virtual image, or referred to a position, eg on the same side of the lens as the
object, rather than referring to the image not forming on a screen or the absence of rays
passing through the point, as they would have learned when they first met virtual images in
plane mirrors at Key Stage 3.

Those candidates not awarded the mark for 'upright' often simply stated ‘not inverted’ which
is not a description of upright itself.

(b) The final image produced by the telescope is described as virtual and upright.
State what is meant by virtual and upright.

(2)
Virtual

Upright

™

" / ResultsPlus
/'-—-.‘: Examiner Comments

1 mark. Virtual as 'not real' is not sufficient as it is just the opposite
version of the two options available. Similarly 'not upside down' would
not be sufficient, especially as there are conceivably other orientations,
but correct way up gets the mark.

" J
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(b) The final image produced by the telescope is described as virtual and upright.

State what is meant by virtual and upright.
(2)
Virtual

waan{'unmwﬁwms«bﬂﬁu(zwsuﬂm

Upright

N ﬁ{ ResultsPlus
/'--.. Examiner Comments

2 marks. This is a good answer for upright, but the answer for virtual
does not describe the nature of the image, merely a description of the
circumstances in the situations where candidates have usually met it
with lenses. In this telescope, the final image is on the other side of the
lens to the intermediate image acting as an object, for example, and
concave mirrors produce real images on the same side as the object.

\. J
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Question 18 (¢)

Most candidates completely ignored the position of the large eye in this diagram and drew
rays going away from the image shown to the right of the diagram - away from the eye.

Some candidates treated the lens as a converging lens and drew the correct diagram for that
situation, which is probably that with which they are most familiar, but incorrect in all
respects except that of having a ray passing through the optical centre of the lens, for which
they were awarded one mark.

Other candidates drew a correct diagram for a converging lens for light passing to the right
and were also awarded the mark for the ray through the centre of the lens.

Some candidates gained an additional mark for drawing an arrow in the correct direction but
very few completed the diagram correctly for 3 marks.
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(c) The image, I, produced by the converging lens is at a distance from the diverging
lens equal to the focal length of the diverging lens, as shown. This image acts as an
object for the diverging lens.

diverging lens
v

eye

Thedistanceequaltothefocallengdmntheo@sidenfthelensisnnrkadwiﬁF.

Draw the ray diagram for the diverging lens.
(3)

ResultsPlus
Examiner Comments
1 mark. This is a typical response. The ray diagram is what might be
drawn for a real image on the left being viewed from the right. The
mark is awarded for the ray through the optical centre of the lens that
passes through the top of the image.
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(c) The'image, I, produced by the converging lens is at a distance from the diverging
lensequaltothefocallengthnfthcdwermnglens,asshown Th:slmagcactsasan

object for the diverging lens.
F | diverging lens
k"4 { il
¥ F a
T T
,h 3=

eye

- The distance equal to the focal length on the other side of the lens is marked with F.

Draw the ray diagram for the diverging lens.
' (3)

ResultsPlus

Examiner Comments

1 mark. One of the most common responses, this is actually the ray
diagram in this situation for the light from the star at infinity forming

the image at |, although the arrows are reversed. The ray through the
centre is in the correct position for 1 mark.
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(c) The image, I, produced by the converging lens is at a distance from the diverging
lens equal to the focal length of the diverging lens, as shown. This image acts as an

M the diverging lens,
diverging lens
L7
I F
*--—----I'
= =1
| A EE] ]I } Y I
eye

The distance equal to the focal length on the other side of the lens is marked with F,

Draw the ray diagram for the diverging lens.

(3)

ResultsPlus

Examiner Comments

2 marks. This is relatively rare, but the arrows are in the correct
direction and the refraction is correct for rays parallel to the pri
axis passing through the lens.

ncipal
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Question 18 (d)

The diagram showed that the image was to the left of the diverging lens at a distance equal
to the focal length of the diverging lens, the distance of the image from the converging lens
was equal to the focal length of the converging lens and candidates were told that the
distance from the diverging lens to the converging lens was 90 cm, so it should have been
clear that f. = 90 + f4. Few candidates realised this, with those who did often doing so with
the aid of a diagram showing the positions of the two lenses and the image. The majority of
candidates approached it by assuming that the sum of the focal lengths was 90 cm, even
though they knew that the focal point of the converging lens was not between the lenses.
These candidates arrived at incorrect values of 81.8 cm and 8.18 cm, which did, at least,
satisfy the magnification requirement given their incorrect assumption.
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(d) Galileo’s first telescope had a magnification of 10, and a distance between the
~ centres of the two lenses of 90cm.
; Vv
focal length of converging lens
focal length of diverging lens

The magnification of the telescope =

Calculate the focal length of each lens.

E %"clz om - Focal length of converging lens = 3 | -€cia.......
Focal length of diverging lens =.. % » |8 cha.._.
ResultsPlus

Examiner Comments

0 marks. This hasn't been badly done, apart from the initial step of
making 90 cm the sum of the focal lengths.

GCE Physics 9PHO 02 68



(d) Galileo’s first telescope had a magnification of 10, and a distance between the
centres of the two lenses of 90cm.

The magnification of the telescope = f?::::fﬂf: mgl:égl:r:s
Calculate the focal length of each lens.
(2)
FC = q‘d "F Fd
FC - (0 e = (a Fd
............................. e e i S s s
............................ faF;w—ofa-lﬁﬂl R
.............................................................. -...-..qFJ.........
........................................................................... L .
Focal length of converging lens = ... {Oﬂf‘i .................
A
Focal length of diverging lens =_.... .. , 6‘: ............................
ResultsPlus

Examiner Comments

2 marks. A very good, if rare, example of a fully correct response.
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Question 18 (e)

Over half of the candidates scored at least 4 out of 5 marks, with two thirds of those
completing it fully. Those candidates who derived a correct formula for M sometimes went
astray with the orbital distance, failing to convert from km to m. Some candidates did not get
as far as the correct formula because of an algebraic error in the rearrangement, most
frequently due to incorrect cancelling of r or failing to square 1. A more careful layout of the
derivation would have helped many of these candidates.
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(e) Galileo was the first person to observe Jupiter’s larger moons.

Ganymede is Jupiter's largest moon. The distance between the centre of Ganymede
and the centre of Jupiter is 1,07 x 10°km. Ganymede takes 171 hours to complete an
orbit around Jupiter.

Calculate the mass of Jupiter. F=1e 7X10 .

———

nzr;- ..... hﬂéx(}‘07k’&x'&)333

— M= 4L = £ e LA
aT L.67% 16" x 171 X80 23

Mass of Jupiter = .. I'g)(’ﬂky ........

crotil e el g =18 warnla s1i)

f

ﬂ ResultsPlus
Examiner Comments

3 marks. The formula for mass has been derived and the substitution
includes a conversion of time to seconds, but time has not been
squared. The power of two here is for seconds in an hour.

ot
P

T\ ResultsPlus

\_; Examiner Tip

When substituting in an equation with a power term, eg 72, don't
suddenly miss off the index when substituting or forget it in the
calculation.
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(e) Galileo was the first person to observe Jupiter’s larger moons.

Ganymede is Jupiter’s largest moon. The distance between the centre of Ganymede
and the centre of Jupiter is 1.07 x 10°km. Ganymede takes 171 hours to complete an
orbit around Jupiter.

Calculate the mass of Jupiter.

FEammg FamvE o am, My - MV:  v=or.

% Examiner Comments

5 marks. The formula for mass has been derived correctly and fully
substituted leading to a correct answer, including the correct unit - full
marks awarded.

GCE Physics 9PHO0 02 72



Paper Summary

Based on their performance on this paper, candidates should:

Remember that physical quantities have a magnitude and a unit and both must be given
in answers to numerical questions.

Check that quantitative answers represent sensible values and go back over calculations
when they do not.

Learn standard descriptions of physical processes, such as atomic spectra or diffraction
gratings, and be able apply them with sufficient detail to specific situations, identifying the
parts of the general explanation required to answer the particular question.

Ensure when asked to make a judgement or come to a conclusion by command words
such as ‘deduce whether’, that you make a clear statement, including any values being
compared.

Remember that explanations can often be supported by reference to formulae on the
data, formulae and relationships sheet, but you must make it clear what each symbol
represents, egin E = hf, E is the photon energy.

Note that while diagrams may not, in themselves, be sufficient for marks they are to be
encouraged when they help candidates to interpret the situation.

Be sure to learn the correct meaning of the symbols in a given formula, not confusing
similar symbols such as T for tension with T for time period or k for the Boltzmann
constant with k for the Coulomb constant.

Understand that while physics formulae are provided in the exam, the formulae for the
circumference of a circle and volume of a cylinder must be remembered.
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Grade boundaries

Grade boundaries for this, and all other papers, can be found on the website on this link:

https://qualifications.pearson.com/en/support/support-topics/results-certification/grade-
boundaries.html
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