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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 applying
ratios or converting °C to K. They also knew some significant points in explanations linked to
standard situations, such as atomic spectra, 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 with most points
included in ordered explanations of the situations in the questions.

Section A - multiple choice question

The percentages with correct responses for the whole cohort are shown in the table.

Question Percentage of correct responses

1 51

34

30

46

64

57

78

43

O | 0| d|[oo|lu | bW |N

45

—_
o

75
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More details on the rationale behind the incorrect answers for each multiple choice question
can be found in the published mark scheme.
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Question 11 (a)

The majority of candidates applied the lens formula and calculated the image distance with
ease, but only about one in eight went on to complete the question by calculating the
displacement of the lens from its initial position. Most candidates gave the image distance as
their answer without realising that anything else was required. Candidates should take care
to read the question carefully, taking note of any key terms, possibly underlining or
highlighting, to make sure that they answer fully. The fact that 4 marks were available for the
guestion might also have suggested that a bit more than a single calculation was required.

A small proportion of candidates mixed the units of length for the different quantities, such
as mm for focal length and cm for object distance. It is acceptable to use m, cm or mm but it
must be the same unit throughout. Some candidates had difficulty with mm. Some had
problems with signs when rearranging after substitution and a few forgot to apply the
inverse having calculated 1/v.

5 GCE Physics 9PHO 02



11 The leps of a mobile ﬁthLw

light sensors camera, as shown.

lens

((a) The camera is initially focused on an object in the far distance.
Calculate the di of the lens that would be required to foc an object
25,0¢m from the camera.

: 4)

>R T . 219529 e
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..............................................................................................................................................................................................................................................
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N &{ ResultsPlus
/'--. Examiner Comments

1 mark awarded.

There has been an error with the power of ten for mm, so this is
treating the focal length as cm.

There has not been an attempt to calculate displacement.

-

'f \ ResultsPlus
\

) Examiner Tip
In questions with mixed quantities, be sure to convert all values to the
same S| units.

\.
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(a) The camera is initially focused on an object in the far distance.

Calculate the displacement of the lens that would be required to focus on an object
25.0cm from the camera.

Displacement of lens = # 0:Q0+Hm
ig ResultsPlus
Examiner Comments

2 marks awarded.

This shows a straightforward calculation of the image distance, but this
is given as the final answer, totally ignoring the reference to
displacement in the question.

" \ ResultsPlus
\)

Examiner Tip

Be sure to note key terms in the question and address them all in your
response.
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Question 11 (b)

Having missed the displacement calculation in the first part of the question, candidates
missed an important piece of information relating to the answer here. Those who calculated
the displacement had seen that v differed little over a wide range of object distances, but the
great majority didn't have this clue. A common suggestion was that the lens would change
shape. Another was that it would be dealt with by ‘autofocus’ while some simply stated that it
had to be at a fixed distance in order to fit in the phone.

0 marks awarded.

(b) State why the lens and the light sensors in a mobile phone camera can be positioned

a fixed distance apart.
(D

B B ceincminasBe B

ﬂﬂesuﬁsﬂus

Examiner Comments

Quite a few candidates made unsupported suggestions such as this
statement.

0 marks awarded.

(b) State why the lens and the light sensors in a mobile phone camera can be positioned
a fixed distance apart.

N,
\/ { ResultsPlus
/‘--. Examiner Comments

This is correct and relevant but isn't developed sufficiently for credit.
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1 mark awarded.

(b) State why the lens and the light sensors in a mobile phone camera can be positioned
a fixed distance apart.

A 2~ b Focal ud!. (Total for Question 11 = 5 marks)

%j ResultsPlus
Examiner Comments

This is an example of a response that meets the requirement of the
guestion.
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Question 12

The majority of candidates were able to apply an equation derived from Newton’s law of
gravitation, but often this was for gravitational field strength rather than for gravitational
potential as required.

A common error among those setting out on the correct approach of calculating the
potential at the two positions and multiplying the difference by mass was using altitude
instead of distance from the centre of the planet. Some candidates only calculated potential
or the change in potential and missed out the step of multiplying by the mass of the satellite.
Some candidates used the mass of the satellite while calculating potential. Where candidates
were attempting to apply gravitational potential, they used distance squared as the
denominator.

The most common incorrect approach was to apply mgh, calculating g for Mars using the
radius or one of the heights and then assuming it was constant during the descent. This
would give the correct answer to 2 s.f., but in order to be awarded full marks candidates
needed to justify the approach by stating that g would be approximately constant over the
range of altitudes considered. A similar approach seen occasionally was to calculate the
gravitational force on the satellite and use work = force x distance.

11 GCE Physics 9PHO 02



0 marks awarded.

12 In February 2021 the spacecraft Perseverance Rover landed on Mars. When the
spacecraft was 11.0km above the surface of Mars, parachutes opened to slow the
descent. The parachutes detached from the spacecraft when it was 2.1 km above the
surface of Mars.

Calculate the change in gravitational potential energy of the spacecraft during the
parachute section of its descent.

mass of spacecraft = 1030kg
mass of Mars = 6.39 x 10”kg
radius of Mars = 3390km

NS

iﬁ ResultsPlus
Examiner Comments

This shows the value of g at the surface of Mars being calculated. The
application of mgh is not allowed for the second mark because it is for
a single position and not a change in height.
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2 marks awarded.

Calculate the change in gravitational potential energy of the spacecraft during the
parachute section of its descent.

mass of spacecraft = 1030 kg
mass of Mars = 6,39 x 10”kg
radius of Mars = 3390km (;uf\

5
6,635 L §. B0t

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

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

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

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2 ResultsPlus

Examiner Comments
In this example mgh has been used, but without any acknowledgement

that it is not constant over the range. It gives the correct answer to 2
s.f. so it is a reasonable approximation and 2 marks are awarded.
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2 marks awarded.

Calculate the change in gravitational potential energy of the spacecraft during the
parachute section of its descent.

mass of spacecraft = 1030kg
mass of Mars = 6.39 x 10”kg

radius of Mars = 3390km g G.Pé’t _ m

dar,E:_hh _______ 4 ______ Gr,wp.._

| ks Sk 1]
Change in gravitational potential energy of the spacecraft ="67‘V{#J’

.-'III\ —
’Y/ﬁ ResultsPlus
Examiner Comments

The correct approach is being taken, but the distances used are the
altitudes rather than the distance from the centre of the planet, so the
answer is incorrect.

< ResultsPlus

| Examiner Tip
When answering questions about gravitation applied to satellites or
similar situations, be sure to differentiate between distance above the
surface of a planet and distance from the centre of the planet.
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Question 13

The majority of candidates were able to demonstrate some knowledge and understanding of
radioactive decay, but far greater success in this was achieved by those applying a more
explicitly mathematical approach rather than a descriptive approach as the latter tended to
lack detail. Fully numerical solutions were the clearest of all.

Most candidates could apply the idea of half-life correctly to at least one of the isotopes and
many were able to apply decay constant = In 2 / half-life. The missing part in many responses
was making the final step linking decay constant and number of nuclei to activity.

Where candidates calculated the decay constant, some made a bit more work for themselves
by using seconds whereas days are acceptable for this comparative answer where the actual
activity couldn’t be calculated because the number of nuclei wasn’t known.

1 mark awarded.

13 Actinium-225 and bismuth-210 are radioactive isotopes. A sample of each isotope is
prepared so that each sample has the same number of nuclei initially.

Explain why the activity of each sample would be the same after 10 days.

half-life of actinium-225 = 10 days
half-life of bismuth-210 = 5 days

Az AN K bl N amﬂm&féoﬁwp&ﬁ;rtmﬂu
5 dag;b, T would 5 L. MW@( Forn . Dmodh. sice. s A5
o l'%ﬁ Howtw, e N vodee _woidif be i bot

..fm@{ér . %WC— JP Ak ofbe Pz Bl £ A5 pearng...
s aihty todd  be  Geade Ao th fhad 5 degs Tha

owbor il _on ouk se ot [0 duys,  Ou oadity &-bok........
would e 1 e B some.

\/ / ResultsPlus

Examiner Comments
This response shows a largely descriptive explanation which is hard to

follow and does not make the required explanation. It gets a single
mark for applying the decay constant equation.
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4 marks awarded.

This response shows the clarity achieved by a more mathematical
description.

T\ ResultsPlus
\_} Examiner Tip

Explanations can often be supported by reference to formulae on the
data, formulae and relationships sheet.
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Question 14 (a)

Only a minority of candidates scored for this question because they made simple statements
such as 'as wavelength increases, change in wavelength increases’ without stating
proportionality. Some included the idea of proportionality but didn't support it with reference
to the red shift equation. Some stated (change in wavelength) / wavelength = z, but didn't
clarify that z is constant.

1 mark awarded.

(a) Explain why the long wavelength lines are shifted by a greater amount than the
short wavelength lines.

as Vs spwq (2)

whah doba’t

v
Redshift is. acaunps .. Txm s conste sk b N
W

W,\mmu VI OY mww&kaw
cb-rtm—f/ shift. son geakr. shibf rr,p

.. chdage i WBNC Mg, = inode b £ o roweis conshaw

3/ { ResultsPlus
/--._ Examiner Comments

This is all correct, but further detail was required, describing the
proportional relationship between wavelength and change in
wavelength.

I
R VNS s
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2 marks awarded.

(a) Explain why the long wavelength lines are shifted by a greater amount than the
short wavelength lines.

(2)

Examiner Comments

An example of a response with sufficient detail.
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Question 14 (b)

The majority of candidates were able to estimate the wavelength of the line in Spectrum B
and apply it to the red shift equation, although some only calculated z and didn’t use it for
velocity. A fair number completed the calculation correctly but didn't include a statement
about direction in their conclusion.

1 mark awarded.
(b) One of the lines in the hydrogen spectrum occurs at a wavelength of 656nm in
the laboratory.

Explain what conclusion can be made from the shift in wavelength of this line in
spectrum B. Your answer should include a calculation.

)

ﬂ ResultsPlus
Examiner Comments

This gets a mark for stating the direction of the relative motion, but the
instruction to include a calculation has not been followed.

- V - ResultsPlus
\_}

) Examiner Tip

Read questions carefully and be sure to carry out all instructions given.
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4 marks awarded.

eo f&‘e lines in ﬁh}' gen e ﬁuﬁ'fﬁ WM‘E‘W

the laboratory.

Expiam what conclusion can be made from the shift in wavelength of this line in |
spectrum B. Your answer should include a calculation.

ﬂR&suﬁsﬂus
Examiner Comments

The calculation has been completed giving an answer within the
required range. While there is no statement of the direction, the
reference to recessional velocity is sufficient.
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Question 15

The majority of candidates scored at least 4 marks out of the 6 available for this question. A
few only applied one of latent heat and specific heat capacity, but most included both in their
calculation of the energy required to melt the aluminium. While the majority could calculate
the mobile phone energy, there was a lower general level of success in applying the 5% factor
correctly to calculate the energy saved.

Among those who successfully completed all five steps in the calculations, a disappointing
minority did not make an explicit comparison of the calculated quantities in their final
conclusion.

21 GCE Physics 9PHO 02



4 marks awarded.

15 Aluminium is one of the most widely recycled metals. Aluminium cans are heated
from room temperature until all the aluminium has melted. The molten aluminium is
then used to make new cans, This process uses only 5% of the energy needed to extract
aluminium from raw materials.

On a website it is claimed that recycling one aluminium can of mass 14 g saves enough
energy to listen to music on a mobile phone continuously for 7 days.

Assess the validity of this claim.

melting point of aluminium = 660K

specific heat capacity of aluminium = 902 Jkg'K™'
specific latent heat of aluminium = 396kJ kg™
room temperature = 293 K

mobile phone p.d. = 3.7V

mobile phone current = 120 mA

................... Eblemagg-h6ﬁ0*§5s3q23005

; Saved / P houe evemy N

..................................................................................................... s b S

Ihs . cloim e valigh.. &

‘Stvuz;e,”/te,emefgtj%otued ....... S %@MWW‘Q&%’ .........
b Plhove . B O e T B B S

/ ResultsPlus

Examiner Comments
The energy calculations are correct, but the percentage applied is 100
rather than 95, so the answer is incorrect and only 4 marks have been
awarded.
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6 marks awarded.

S SOOI SO .1 S S S S
e 5 (10067)(002) (660.2293).t (1450072 )(396x00°)
............................................ maJQHﬁALmemwwwmmmmmmammmmwmmmm
....................................................................................... o eNrQy AR DY Yo

__________ P e chﬂonssgoqsﬁ

e

.............................................. Y A Y T YK T A

................................... AR SRR A X K S
......................... S0 twe Stokemema A ANE. addd.

<g£ ResultsPlus
Examiner Comments

This is fully correct. A comparison of the final values has been made, as
required, for a numerical question asking candidates to 'assess the
validity', and a clear conclusion has been made.
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Question 16 (a-b)

In Q16(a) the majority of candidates drew a suitable line and used the gradient to determine
a value within the required range. A minority drew their line to pass through the point (50,
0.0), perhaps thinking of the many graphs they have met that demonstrate direct
proportionality, although that was not the case here and that point was not even (0,0). Most
candidates used a sensible triangle for their gradient, but some were small enough to cause
their answer to fall outside the range. Candidates should ensure that their gradient triangle is
as large as possible while choosing points that are easy to read. They should also be sure to
use the line rather than the plotted points.

Some candidates misread the scale, for example reading a value of 1.55 eV as 1.6 eV because
they took one small square to be 0.1 eV. This error in the value of a small division is best
avoided by making sure to look at the labelled scale value above the point as well as the
value below.

In Q16(b) most candidates were able to at least make a good start, with greater success when
using the fintercept rather than a point on the line. There were some candidates using a
point on the line who didn't convert eV to ] at the right stage.

Some candidates calculated the work function correctly but didn't apply it to the table to
deduce which metal was being used.

Q16(a) 2 marks awarded.

Q16(b) 1 mark awarded.

GCE Physics 9PH0 02 24



16 In an investigation of the photoelectric effect, electromagnetic radiation of frequency f
was directed onto a metal plate. The maximum kinetic energy E of the photoelectrons
emitted from the metal plate was determined. The procedure was repeated for a range

of frequencies.
The graph shows how £ depended upon f.
210 E. |
1.5
E/leV 10
x
0.5 X
0.0 L
50 60 70 80 90 100 ‘> 110
| f/10°Hz
(a) Determine a value for the Planck constant, A, in Js.
i ok - 3‘;“ 2 El"PrH ind (4)
......... Y S A A
=L -
__________ Guiat ofqropn . 2.0x 88 Lend" — 0.5HbT =515,
.......................................................................................... ObX D o &N i

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

..................................................................................................................................................................................................................................................
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(b) The table gives data for different metal surfaces. (G W

Metal surface Work function/eV

Caesium 20

Calcium 29

Magnesium 3.7

Deduce which metal was being used in the investigation.
(3)

Calu.m_gb X0xo - © D B B
e
6.6 kW
TITILT] EpEmimgEanEpn u.-.-u.-.-.--uu------u.-.-.-.-.-.-u.-!‘-----""--uu.-.-.-u.-u.--—-"----.-u.-.-.u-.-.-.--—-n------l-.-l-l-l-4---.-----..........
49 = € Qyn UL

wi{,: ::__”_E_{'L (Total for Question 16 = 7 marks)
6.6% 0
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Y / ResultsPlus
/--.‘: Examiner Comments

Q16(a) - the line is not the best-fit as it has been forced through the
apparent origin.

The gradient triangle could have been larger, which reduces the
percentage uncertainty in the calculated value, but it is sufficient. The
conversion has been made from eV to J.

Q16(b) - this response shows the threshold frequency for each metal,
which is an acceptable approach, but the basis for the conclusion that
the metal is caesium has not been made clear.

ResultsPlus
<\

Examiner Tip
Make sure that the triangle used for calculating the gradient is as large
as possible to ensure accuracy in the answer.
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Q16(a) 4 marks awarded.

Q16(b) 3 marks awarded.

16 In an investigation of the photoelectric effect, electromagnetic radiation of frequency f°
was directed onto a metal plate. The maximum kinetic energy E of the photoelectrons
emitted from the metal plate was determined. The procedure was repeated for a range

of frequencies.
The graph shows how E depended upon f.

2.0 :
I
1.5 s
EleV 1.0 -
0.5
0.0 '
50 60 70 80 90 100 110
£/10"Hz v= £
e =
(a) Determine a value for the Planck constant, k, in Js. S

e OSSO oM lixeT S e Yw
CIOZ-— $7)x (0% n : wm  e\g
2 S W IS U - A A 1L 2.8 U~ N
-

..................................................................................................................................................................................................................................................
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(b) The table gives data for different metal surfaces.

Metal surface Work function/eV

Caesium 2.0
Calcium 2.9
Magnesium 3.3

Deduce which metal was being used in the investigation.

Prureahal & X 85 X103 [y

3)

............. E-né o =osske 'Y X CeaaeTR

2 ResultsPlus

Examiner Comments
Full marks have been awarded for both parts. The points used for the

gradient are close to the maximum separation and have been chosen
to be easy to read and not between lines.
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Question 17 (a)(i)

A majority of candidates failed to score here. Many of the successful answers had additions
to the diagrams indicating the focal length of each lens. Having parallel rays that weren't
parallel to the principal axis is, perhaps, an unusual situation that they didn’t connect to focal
length in the way they would have done for a GCSE ray diagram.

Mathematical treatments to show v = f for the objective lens and u = f for the eyepiece lens
were generally clearer than descriptive answers.

1 mark awarded.

“ (a) (i) In the arrangement shown, the final image is formed at infinity.

Explain why the separation of the objective and eyepiece lenses is equal to the
sum of their focal lengths.

I R : £
e .. L T

hlIml 50, {f\-t

N,
\/ { ResultsPlus
/'--. Examiner Comments

Although it isn't stated, this calculation applies to the eyepiece lens. A
bit more commentary would be required to apply similar reasoning to
the objective lens.
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2 marks awarded.

—
e
T —

light from \ P
a star : /
|

objective lens :
eyepiece lens

(a) (i) In the arrangement shown, the final image is formed at infinity.

Explain why the separation of the objective and eyepiece lenses is equal to the
sum of their focal lengths.

iﬁ Examiner Comments

This is an example of a good response for this question, with additions
to the diagram helping to clarify the explanation.
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Question 17 (a)(ii)

Only a minority of candidates gave answers that gained credit for this question. There were
quite a few references to real and virtual images, but not in a way that was relevant here.

0 marks awarded.

(ii) State why the final image is inverted.

(1)

s X -
LA L

2o AN Qligpes

N

ﬂ ResultsPlus
Examiner Comments

This nearly scores, but the location of the 'flipped' rays is incorrect.

1 mark awarded.

(ii) State why the final image is inverted.
(1)

lecate, fro dogef:}r :’HSM A #IEQ‘Q@Q@% w mu@{ @&.awl

ﬂ ResultsPlus
Examiner Comments

While this isn't a full explanation, as it doesn't tell us why the
intermediate image is inverted, it is true and sufficient for the mark.
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Question 17 (b)(i)

Having been told that the situation involves interference, candidates knew that they needed
to consider wavelength and most could apply the refractive index to calculate the speed of
light in the coating and the wavelength of green light, although some just used the
wavelength in air.

A few then attempted to apply the diffraction grating equation, even though there was no
angle and no line spacing.

The problem for most candidates was applying a factor of 2 twice - once for the path
difference and once for the reflection.

2 marks awarded.

(i) Calculate the minimum thickness d of the coating required for the reflection of
green light to be eliminated.

frequency of green light = 6.00 x 10 Hz
n =138

N
\/ t{ ResultsPlus

Examiner Comments
The wavelength of the light in the coating has been calculated
correctly, but the candidate has suggested that this should be equal to
thickness for destructive interference, so no further marks have been
awarded.
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3 marks awarded.

(i) Calculate the minimum thickness d of the coating required for the reflection of

green light to be eliminated.
frequency of green light = 6.00 x 10" Hz
n =138

N

ig ResultsPlus
Examiner Comments

All of the calculation is correct, but the unit has not been included with
the final answer so the final mark has not been awarded.

."f H'

Q ResultsPlus

Examiner Tip
Physical quantities have a magnitude and a unit and both must be
given in answers to numerical questions.

GCE Physics 9PHO 02 34



Question 17 (b)(ii)

It would appear from responses seen that candidates believe white light is made of purple
and green so that, once green is removed, only purple remains. Quite a few didn't link the
idea of destructive interference to this situation, despite the earlier part.

0 marks awarded.

{ilp State why white light reflected from coated lenses is seen as purple.
(1)

............. (DR <\ AR B0, (ROSRS.. OIFOTIONE.

(Total for Question 17 = 8 marks)

f

iﬁ ResultsPlus
Examiner Comments

This is a typical response, lacking in detail and apparently forgetting
what was learned about the visible spectrum at Key Stage 3.

1 mark awarded.

(ii) State why white light reflected from mated lenses is seen as purple.
(1)

-QreRn.. iGN \S. QIMNAKeE) 8O ne. Wk

Vene.ctedi&ammmmved ...... ANA._b\vwe
M\tn W“S pw\e (Total for Question 17 = 8 marks)

oS W18 Thave o SKIl WavRienging  hom
iMey endl of e visivvle Specmunn

NS

ig ResultsPlus
Examiner Comments

This is one of the better responses seen.
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Question 18 (a)(i-ii)

In Q18(a)(i) most candidates quickly realised the relationship between mass per unit length,
density and area, and condensed the two equations into mass per unit length = rho x A and,
as a result, got full marks.

In Q18(a)(ii) most candidates knew that they needed to apply the formula for the speed of a
transverse wave on a string and started with the wave speed. Many candidates, however, did
not correctly apply the factor of two to calculate the wavelength, some simply used the
length of the string and some halved it. This led to the common award of two marks.

In some cases, candidates using the formula for the speed of a transverse wave on a string
took T to be period of oscillation and used the frequency to calculate this.

Q18(a)(i) 2 marks awarded.
Q18(a)(ii) 2 marks awarded.
(a) (i) Show that the mass per unit length x of the string is about 1.1 x 10 kgm™',

) oW e
nMmam pr i Lﬂ)‘-&jﬁ .

. _ %
e e sk Ui gz 0L L “0’: MO0
T L C R SR L T
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(i) When the middle of the string is plucked, a note of frequency 440 Hz
is produced.

Calculate the tension in the string.

length of string = 41.0cm
4)

V?*fhﬁwqwqwm .................................. —

f

ﬂ ResultsPlus
Examiner Comments

Q18(a)(i) - this partis fine for both marks.

Q18(a)(ii) - the length has been halved to find the wavelength when it
should have been doubled. In this situation, it could have helped to
visualise the situation with the use of a diagram.
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Q18(a)(i) 2 marks awarded.

Q18(a)(ii) 4 marks awarded.

(a) (i) Show that the mass per unit length u of the string is about 1.1 x 10~ kgm™.
2)

2

(ii)) When the middle of the string is plucked, a note of frequency 440 Hz
is produced.

Calculate the tension in the string.
length of string = 41.0cm

-
'z 143 19430Y -
e e T T e o o e A

{
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N

) &{ ResultsPlus
/--.. Examiner Comments

Q18(a)(i) - this has been very well explained.

Q18(a)(ii) - full marks for a straightforward calculation.
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Question 18 (b)

The majority of candidates were able to note from the graph that the Young modulus
decreases with temperature, although a surprising number did not make this elementary
observation. Most of those who did were able to state that the tension would then decrease,
although some candidates thought that the strain would increase so the length would
increase.

While many candidates stated that the frequency would then decrease, they did not always
link this to decreasing wave speed or mention that the wavelength is unchanged.
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0 marks awarded.

(b) The graph shows how the Young modulus E of the nylon varies with temperature.

*1

0 5 10 15 20 25 30
Temperature/ °C |
When the harp is played, the temperature of the string increases.

Exphmhﬂwﬂmmﬂmd:mawmﬂdnﬁwtthehq:myofmm
produced when the string is plucked. '

3)
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/--.‘: Examiner Comments
While correctly applied formulae can help greatly with explanations, in
this case letters from the graph have been applied to incorrect
quantities leading to incorrect relationships. In particular, a formula
with T for time period has been used with T for tension leading to the
correct final conclusion, but unsupported by any relevant evidence.

ResultsPlus
<\

Examiner Tip
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 E for photon energy with E for the Young modulus.

GCE Physics 9PHO 02 42



2 marks awarded.

Temperature/°C f [
. s 6' = d"""-‘-.-
When the harp is played, the temperature of the string increases. e
Explain how this temperature change would affect the frequency of the note
produced when the string is plucked.

3)

As. Ahe  temperahare increase€, tae. amgﬁm:ad.m[aa:ﬂr ..... ok ...

ResultsPlus

Examiner Comments

This is largely correct, except for saying that the string extends more.
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2 marks awarded.

O hen the harp is played, the temperature of the string increases.

Explain how this temperature change would affect the frequency of the note

produced when the string is plucked.
(3)

WMW—M@_@ ...... ;
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iﬁ ResultsPlus
Examiner Comments

This is going well up to decreased stress, but, in common with some
other candidates, this candidate appears to think there is a direct link
between temperature and the energy transferred to the wire and
therefore the frequency.
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Question 19 (a)

This question presented no general difficulty and a majority scored full marks. A few
candidates didn't convert to Kelvin and some had problems calculating volume, either using
an area formula or using the diameter value as a radius value. A few candidates may have
simply found a formula that worked in the situation without full understanding because they
used the Coulomb law constant for k instead of the Boltzmann constant.

1 mark awarded.

19 A fine-beam tube is used for investigating properties of electrons.

An electron beam is produced inside a spherical glass bulb. The bulb contains neon gas
at a very low pressure.

(a) The neon gas is at a pressure of 1.25Pa and a temperature of 25°C.
Calculate the number N of neon atoms inside the bulb.,

bulb diameter = 16.0cm

/1’/‘_, Y 42 i
fzgx, Q-J'X{ wj: Nx[}f“?”x(,ﬁf??})

/:/ 3 1’5:»" MM

(4)

oo Fl5uw' (354)

\( / ResultsPlus

Examiner Comments
Quite a few candidates, as in this example, did not know the formula

for a sphere. In this case there is a length squared, so it is
dimensionally an area and cannot be credited for use as a volume.

e N\

lf \ ResultsPlus
\

Examiner Tip
While physics formulae are provided in the exam, the formulae for the
circumference and radius of a circle and area and volume of a sphere
must be remembered.
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2 marks awarded.

19 A fine-beam tube is used for investigating properties of electrons.

An electron beam is produced inside a spherical glass bulb. The bulb contains neon gas

at a very low pressure.

(a) The neon gas is at a pressure of 1.25Pa and a temperature of 25 °C.,

Calculate the number N of neon atoms inside the bulb.

bulb diameter = 16.0cm

4)

N ik
g
.................................... B X X itr(o-{ﬁ']
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f f
ﬂ ResultsPlus
Examiner Comments

along with the correct use of Kelvin.

The diameter of the sphere has been used without halving to find the
radius. It is a volume, so its use in the gas equation has been credited,

.-"# l‘-

\_) \ ResultsPlus

Examiner Tip

calculation.

A

Whenever you are given the diameter of a circle or sphere, look
carefully to decide whether you need to use the radius in the following
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4 marks awarded.

(a) The neon gas is at a pressure of 1.25Pa and a temperature of 25 °C.
Calculate the number N of neon atoms inside the bulb.
bulb diameter = 16.0cm

L2s = _gmr(16.0x1077)* "

4

- — - a—

¢ ResultsPlus

Examiner Comments

The candidate has made the volume calculation a bit more
complicated than necessary, but it is correct.
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Question 19 (b)

As well as their knowledge and understanding of atomic spectra, this question assessed
candidates’ ability to give coherent and logically structured answers, which, in most cases,
they did.

Only one in twenty of the candidates scored full marks here, with the rest evenly divided
between 0 and 5 marks.

Most candidates were able to successfully explain the processes of excitation and
de-excitation of an electron and the subsequent release of a photon. Many candidates
recognised that energy levels were discrete and included this in their explanations.

Candidates did not link the energy of the photon to the difference in energy levels as
frequently.

A large maijority failed to link the energy absorbed by the electron to the electrons interacting
with the neon atoms, with some candidates describing thermal excitation and others linking
excitation to the absorption of photons.

The final link between the limited number of specific energy changes and the associated
specific frequencies was not generally made with sufficient clarity.
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4 marks awarded.

Explain the process that results in the emission of this spectrum. Your answer should
include reference to energy levels in atoms.

w brergy leels only jr g Fon Che ket

% Examiner Comments

This includes the indicative content points 2, 3, 4 and 5. The
mechanism of excitation is not included and the final link to the
appearance of specific wavelengths is not made. The use of the word
'jumped' should be noted. It is sufficient in line 2 because it goes on to
say 'up'. The same would apply for 'down' for de-excitation. 'Jumped'
alone is not sufficient.
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6 marks awarded.

Explain the process that results in the emission of this spectrum. Your answer should

include reference to energy levels in atoms.
(6)
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ResultsPlus

Examiner Comments

This is a good example of a full mark question, with all the indicative
content points well-structured to show a sustained line of reasoning.
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Question 20 (a)

A good majority worked though this sequence of calculations straightforwardly to a correct
result, including a comparison and conclusion that the statement is incorrect. Some
candidates used the formula for the period of a pendulum, using the extension of the spring
as the length.

Other errors included powers of 10 with the mass or the extension and not using g to
calculate weight from mass.
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1 mark awarded.

20 A garden ornament consists of a metal flamingo suspended from a spring as shown,
The spring is hung from a support using the hook.

= £ S

flamingo

=

. "
(a) The mass of the flamingo is 65g. When the flamingo is suspended vertically the
spring extends by 8.5 cm.

‘The flamingo is pulled downwards by a small extra displacement and then released.
The flamingo undergoes simple harmonic motion vertically.

The instructions state that the flamingo will oscillate with a frequency of 2.5Hz.
Deduce whether this statement is correct.
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/--.‘: Examiner Comments

In this response, conservation of energy has been used to derive a
speed and this has been used with a circular motion equation to derive
a time period. The mark is for using this time period to calculate a
frequency.
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5 marks awarded.

(a) The mass of the flamingo is 65 g. When the flamingo is suspended vertically the
spring extends by 8.5cm.

The flamingo is pulled downwards by a small extra displacement and then released.
The flamingo undergoes simple harmonic motion vertically.

The instructions state that the flamingo will oscillate with a frequency of 2.5 Hz.

Deduce whether this statement is correct.
(5)

0:065 X081~ h x &7e®
k= ’-I SO\ ¥ -
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"' X 5% "r%i'a

ResultsPlus

Examiner Comments
This is a straightforward example of a full mark response, including a
conclusion.
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Question 20 (b)

A majority of candidates gained some credit for this question, with a large majority scoring
both marks. While damping or resistive forces were often mentioned, there were a lot of
general references to ‘energy lost’ without sufficient detail for the second mark.

1 mark awarded.

(b) After being set into vertical oscillation, the flamingo comes to rest after a short time.

Explain why the flamingo comes to rest. {

The m

™

\/ / ResultsPlus

/'-—-.‘: Examiner Comments

This starts with a correct statement about the situation but does not
g0 on to explain how it relates to the flamingo coming to rest. A simple
response like this would be appropriate when the command word is
'state’, but 'explain’ will always have two distinct parts at the very least.

"

A\ ResultsPlus

\ Examiner Tip

Be sure you know the command words and understand the level of
required response for each of them, eg 'explain' would mean a
candidate must include the relevance of a statement about a situation
and not just state it. There will always be at least two linked marking
points for a question asking you to ‘explain’.
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2 marks awarded.

(b) After being set into vertical oscillation, the flamingo comes to rest after a short time.

Explain why the flamingo comes to rest.

(2)

0 S wer A ecd . Sys Pem .
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Examiner Comments

This response includes the two linked points as required.
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Question 20 (c)(i-ii)

In Q20(c)(i) only a few candidates were unable to successfully calculate the period,
occasionally due to forgetting to take a square root.

In Q20(c)(ii) about half of the candidates completed this part correctly. Quite a few used the
correct equation for velocity for simple harmonic motion but didn't just assume that the
maximum value for sine is 1, using a value for time in their calculation. Where this time was
the period that was fine, but some found other values to substitute.
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Q20(c)(i) 2 marks awarded.

Q20(c)(ii) 2 marks awarded.

(c) ﬂ; slight breeze the flamingo swings from side to side and behaves as a
simple pendulum.

(i) Show that the period of oscillation of the flamingo pendulum is about 2.2s.

pendulum length = 1.25m
(2)

(ii) The amplitude of oscillation of the flamingo pendulum is 7.5 cm.

Calculate the maximum velocity of the flamingo pendulum.

(3)

v Awsiaw.

................................................. L
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Maximum velocity = ... 0238

N

ﬂ ResultsPlus
Examiner Comments

Q20(c)(i) - this part is correct and the answer is quoted to at least one
s.f. more than the 'show that' value of 2.2 s, as required.

Q20(c)(ii) - this is very nearly correct, but by using actual values of time
and angular velocity with sine the answer differs slightly from that
required. Candidates should know that the maximum value of sine is 1.
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Q20(c)(i) 2 marks awarded.

Q20(c)(ii) 3 marks awarded.

(¢)Ina slig'l':t‘t;reeze the ﬂa'r;mg'o‘;m;n;s from side to side and behaves as a %: :5 ¢ .
simple pendulum. Pty 2 -

(i) Show that the period of oscillation of the flamingo pendulum is about 2.2,

pendulum length = 1.25m

(ii) The amplitude of oscillation of the flamingo pendulum is 7.5 cm.

Calculate the maximum velocity of the flamingo pendulum.

(3)
ia
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ﬂ ResultsPlus
Examiner Comments

This whole section gets full marks. The candidate was following a
similar route to the previous example but realised that the maximum
value for sine is 1 and used that rather than coming up with a time.
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Question 21 (a)

Most candidates completed the equation with four correct numbers, but a few made a
mistake in either the top line or the bottom line or both. The most common errors were to
use a positive atomic number for the beta particle or to reverse the figures for the beta
particle.

0 marks awarded.

21 A hundred years ago, a method to determine the age of certain rocks was developed.
An unstable isotope of rubidium is present in some rocks when they form. Over time
the rubidium decays to a stable isotope of strontium. < !
&
(a) Rubidium decays to strontium via p~ decay. Complete the nuclear equation ¥
representing the decay.

5 87 1Q- L —
37Rb =2 asr + OB T ve

N t{ ResultsPlus

/'--.. Examiner Comments

Fully incorrect responses were rare. This response shows a correct
application of totalling atomic numbers and mass numbers, but they
have been assigned incorrectly to the beta particle, so the answers are
incorrect.

‘ J

1 mark awarded.

21 A hundred years ago, a method to determine the age of certain rocks was developed.
An unstable isotope of rubidium is present in some rocks when they form, Over time
the rubidium decays to a stable isotope of strontium.

(a) Rubidium decays to strontium via B~ decay. Complete the nuclear equation
representing the decay.

#

5
L U] R7 L. N- —
37Rb =t 3..@_Sr + I.B t Ve

-
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-
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N { ResultsPlus
/‘--. Examiner Comments

The top row is correct, but not the bottom row.
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Question 21 (b)

More than half of the candidates scored 2 or more marks here. Most could apply the decay
constant calculation and the decay equation, but the ratio proved a bit more difficult. About a
tenth of the candidates calculated the correct answer but only scored 4 marks out of 5
because they didn't make a clear comparison of their calculated answer with a value from the
question and make a valid conclusion.
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5 marks awarded.

(b) A sample of Moon rock from the Apollo 11 mission was analysed to determine the
age of the rock. When the sample was analysed the number of rubidium atoms was
N, and the number of strontium atoms was N;.

As strontium atoms have all been produced from the decay of rubidium, the original
number of rubidium atoms in the sample was (N, + N;).

N,
From the analysis of the sample, it was determined that Ef- =0.0532

R

Deduce whether this ratio is consistent with the Earth and the Moon forming at the
same time.

age of Earth = 4.5 x 10° years
half-life of rubidium isotope = 4.88 x 10'° years

s 3\

Z ResultsPlus

Examiner Comments

There were two main routes to answering this question. This is a
correct example based on the time calculation. The calculation has
been completed and the relevant comparison and conclusion made at
the end.
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5 marks awarded.

(b) A sample of Moon rock from the Apollo 11 mission was analysed to determine the
age of the rock. When the sample was analysed the number of rubidium atoms was
N, and the number of strontium atoms was N,.

As strontium atoms have all been produced from the decay of rubidium, the original
number of rubidium atoms in the sample was (N, + N

: : . N,
From the analysis of the sample, it was determined that # = (.0532

Deduce whether this ratio is consistent with the Earth and the Moon forming at the
same time.

age of Earth = 4.5 x 10° years
half-life of rubidium isotope = 4.88 x 10'° years

................. Nt-ﬁwt-tuf'}ﬂ
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2 ResultsPlus

Examiner Comments
There were two main routes to answering this question. This is a
correct example based on the ratio calculation. The calculation has
been completed and the relevant comparison and conclusion made at
the end.
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Question 21 (¢)

Only about one in eight candidates gave a satisfactory answer here. Many responses
demonstrated that candidates had the incorrect idea that the half-life could only be
measured by measuring the time for the activity to decrease by half directly, making
irrelevant comparisons with a human lifetime or the age of the Earth or other imprecise
statements.

0 marks awarded.

(c) Give a reason why the half-life of the rubidium isotope is hard to determine.
(1)

e Bomn e veAY AU Se. ol ORCRDNP.. N SN ...

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

This is a fairly typical response just based on the length of the half-life.
Decaying very slowly isn't enough as it doesn't relate specifically to a
measurable quantity.

1 mark awarded.

(c) Give a reason why the half-life of the rubidium isotope is hard to determine.

M s pebint, isttremtt K"UPM/&ACW eydady. ...
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\/ / ResultsPlus

Examiner Comments

This describes a possible method of determining the half-life related to
change in mass due to the decay. The question suggests that the mass
of the isotope might be measurable, although it actually describes
measurement of a ratio of two isotopes. The response goes beyond
those that just say it decays slowly.
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0 marks awarded.

(c) Give a reason why the half-life of the rubidium isotope is hard to determine.

JEis ey leng 5o ger

NS

iﬁ ResultsPlus
Examiner Comments

This is an interesting idea, but it is just saying that it would take a long
time.

65 GCE Physics 9PHO 02



Question 21 (d)

A large minority of candidates gained credit for stating that a larger half-life would mean a
smaller decay constant, but they did not all clearly demonstrate how this would affect the
calculated age. Those referring to the decay equation at this point were in a much better
position than those attempting a purely descriptive explanation.

1 mark awarded.

(d) Recent investigations suggest that the half-life of the rubidium isotope may be larger
than the traditionally accepted value.

Explain how this would affect the ages obtained by this dating method.
(2)
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Examiner Comments

This response states that the decay constant will be smaller, but
doesn't link this to the age in sufficient detail.

\. J

2 marks awarded.

(d) Recent investigations suggest that the half-life of the rubidium isotope may be larger
than the traditionally accepted value.

Explain how this would affect the ages obtained by this dating method.
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/--. Examiner Comments

This is another example of an explanation that is made clearer using
relevant equations.
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Paper Summary

Based on their performance on this paper, candidates should:

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

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

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

note that whenever you are given the diameter of a circle or sphere, you will need to
decide whether to use the radius in the following calculation.

practice using graphs and reading the scale values on either side of the point of interest to
ensure you are using the scale correctly.

remember the final reciprocal in situations such as using the lens formula or adding
resistors in parallel.

remember that when substituting in an equation with a power term, eg x2, don't suddenly
miss off the index when substituting or forget it in the calculation.

be sure to convert all values to the same Sl units in questions with mixed quantities, eg do
not mix cm and mm with the lens formula.

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