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Introduction

This was the second sitting of this examination for the new specification. 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 specification has introduced two new question styles which were represented in this paper.
Question 16 assessed the ability to structure answers logically while questions 12(a), 13(c), 15(a)(i)
and 19(a)(ii) all required a deduction or judgement with justification of the conclusion, as described
in Assessment Objective 3 (AO3). Students generally responded well to these, showing some
ingenuity in the variety of approaches, although the conclusions were not always made sufficiently
explicit and so the final mark was not always awarded.

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

Students 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 converting years to seconds.
They also knew some significant points in explanations linked to standard situations, such as the
use of the stellar parallax method for determining astronomical distances, 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.
Overall they scored much more highly on Assessment Objective 1 than on Assessment Objectives 2
and 3.

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 (a)

Most students made a good start to the question, equating the given expressions and arriving at
% m <c*> = 3/2 kT. Many did not go on to state that k is constant, which was required to establish
proportionality for the second mark. %2 m <c*> was accepted for mean kinetic energy without
comment, but students deriving an expression for <c*> needed to establish its relationship to
kinetic energy, which rarely happened.

11 (a) For an ideal gas pV = NkT and pV = %Nm <>,

Use these relationships to show that the mean kinetic energy of a gas molecule is
proportional to the absolute temperature.

S

ResultsPlus

Examiner Comments

The algebraic manipulation is correct and mean
kinetic energy has been identified, but there is no
reference to constants, so 1 mark is awarded.

11 (a) For an ideal gas pV = NkT and pV = éNm <>,

Use these relationships to show that the mean kinetic energy of a gas molecule is
proportional to the absolute temperature.

(2)

L

T
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ResultsPlus

Examiner Comments

The correct final equation is obtained. This is
restated as a proportionality expression but
without stating that k is constant and losing the
mean kinetic energy formula so, again, this merits
one mark.

11 (a) For an ideal gas pV = NkT and pV = iNm <>,

Use these relationships to show that the mean kinetic energy of a gag molecule is
proportional to the absolute temperature.
(2)

ResultsPlus

Examiner Comments

2 marks for a correct answer, identifying mean
kinetic energy and stating that k is constant.
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Question 11 (b)

Students generally substituted the given values, converting to absolute temperature, and calculated
<c®>. A surprisingly large proportion, however, stopped there and did not take the square root.
There appeared to be widespread lack of awareness of what ‘root-mean-square’ means.

(b) The molecules in a sample of gas have a mass of 5.0 x 107 kg.

Calculate the root-mean-square speed of gas molecules in the gas at 25°C.

MLy w T

-~ 3
z

P
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Root-mean-square speed = ... 2. % 671 1 Lmg™}

ResultsPlus

Examiner Comments

The substitution is correct and so is the calculation,
as far as it goes, but the student appears to think
that <c*> is root-mean-square speed. 2 marks are
awarded.

4 ResultsPlus
Examiner Tip

Be careful when a formula uses squares to either
square or square root the quantity as appropriate.




(b) The molecules in a sample of gas have a mass of w_; "M
Calculate the root-mean-square speed of gas molecules in the gas at 25 °C.

T=26+273 = 298 K

3

% ResultsPlus
Examiner Comments

Full marks for a correct calculation and answer.
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Question 12 (a)

Wien'’s law was used for a calculation straightforwardly by most students, but instead of using a
temperature typical for the scene to determine a peak wavelength which could be compared to the
stated wavelength to draw a conclusion, many used the stated wavelength to determine a peak
temperature of 4140 K. This could still be used to draw a conclusion related to a stated lower
temperature, but there was a lack of understanding of the inverse relationship of wavelength and
temperature in Wien's law and said instead that at temperatures below 4140 K the wavelength

would be shorter.

(a) Deduce whether the objects shown in the photographs would be expected to have
peak emissions at infrared wavelengths. Your answer should include a calculation.
(4)
longest wavelength of visible red light ~700 nm

_—

T = 2a%x10 "

DooXIT N

(_l.'l‘—k'C)L o RveM 1D C\'kO’\- \r\\c‘:')\'\s?f l-}'\o\

ResultsPlus

Examiner Comments

A correct use of Wien's law, but an inappropriate
conclusion showing a lack of actual understanding
of the relationship between temperature and peak
wavelength. This is awarded 2 marks.
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(a) Deduce whether the objects shown in the photographs would be expected to have
peak emissions at infrared wavelengths. Your answer should include a calculation.
e —— -—_—__—'—-n....
(4)

= L F xS e WL s sl
ek than issh (ngest bl red gt 5

ResultsPlus

Examiner Comments

Full marks awarded for a correct calculation using
an appropriate temperature and a suitable
comparison in conclusion.
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Question 12 (b)

Most of the responses included reference to reflection, although many incorrectly introduced the
idea of total internal reflection. Fewer mentioned that infrared at these wavelengths wasn't
transmitted and many deduced that it was absorbed although there wasn't sufficient evidence for
this conclusion as the lack of transmission could be solely due to reflection.

State what can be concluded about glass and infrared radiation.

(2)
G(%W“”yMﬂ/@mﬂéﬁﬁmw&ww4

Cinemred pdiorion isa’v A fo fase Flpay) phe

ResultsPlus

Examiner Comments

This answer is awarded 1 mark for stating that the
infrared radiation is unable to pass through the
glass. The reference to total internal reflection is
incorrect.

State what can be concluded about glass and infrared radiation.
(2)

ResultsPlus

Examiner Comments

Full marks for a correct answer.
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Question 13 (a)

Students were generally able to state the relationship between the Stokes’ law force and weight,
although some complicated things for themselves by not following the instruction to ignore
upthrust. They usually used the formula for a sphere and were able to arrive at the required
expression, but there was occasional confusion between the symbols Vand v and some did not

recall the correct formula for the volume of a sphere.

13 Raindrops of different sizes fall with different terminal velocities through air.

The table shows the measured value of the terminal velocity for raindrops of different sizes.

Raindrop size Drop diameter / mm Terminal velocity / m s™
small 0.5 2.1
medium 2.0 6.5
large 5.0 9.1

@m using Stokes’ law, the following expression for the terminal velocity v of a

spherical raindrop in terms of its radius r.
2gpr’
O

v:

where p is the density of rainwater and # is the viscosity of air.

You should ignore upthrust.

B Y

ResultsPlus

Examiner Comments

not been used, so the student is unable to
complete the question (1 mark).

This gets a bit beyond stating that upward force is
equal to weight, but the formula for a sphere has
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13 Raindrops of different sizes fall with different terminal velocities through air.

The table shows the measured value of the terminal velocity for raindrops of different sizes

Raindrop size Drop diameter / mm Terminal velocity / m s™
small 0.5 2.1
medium 2.0 6.5
large 5.0 9.1

(a) Derive, using Stokes’ law, the following expression for the terminal velocity v of a
spherical raindrop in terms of its radius r.

- 2gpr?
O
where p is the density of rainwater and # is the viscosity of air.
You should ignore upthrust.
(2)

SEORRS LML KR QRN o W EAGOEZ OO
SR N IVERTE N LT N 00 S —
...... 3KKFQV;P%3F&33¢/~P“B:W33

ResultsPlus

Examiner Comments

This is an example of a fully correct response
gaining 2 marks.
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Question 13 (b)

This was completed with little difficulty and incorrect responses were very rare. The most common
errors were to use diameter instead of radius or failing to square the radius when calculating the

answer.

(b) Show that the expression given in (a) produces a value of about 800 m s’ for the
terminal velocity of a large raindrop.

(2)
p=10x10"kgm
=1.8x10°Pas
1 a
g Lxg-L1X 150> x CS' MO )
me B YT
ResultsPlus
Examiner Comments
In this response diameter has not been halved to
find radius. There is an error in the calculation as
well because this answer is a tenth of what these
figures should produce. 1 mark awarded for using
the formula with relevant quantities.
(b) Show that the expression given in (a) produces a value of about 800 m s™' for the
terminal velocity of a large raindrop.
(2)

p=10x10"kgm™
n=18x10"%Pas Z

Q’amo )
25 >( h{[@ ’(
Q18X N

= 300ms
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14

ResultsPlus

Examiner Comments

This student used radius and then changed it to
diameter. The calculated answer should therefore
have been 4 times too big, but they have written
the required answer from the question. When a
question starts with 'show that' and states a
quantity, we require full substitution and an
answer given to at least one more significant figure
than the question to prove that it has actually been
calculated. 1 mark

ResultsP
Examiner Tip

In 'show that' questions, state the answer to one
more significant figure than the given quantity.

(b) Show that the expression given in (a) produces a value of about 800 m s™' for the
terminal velocity of a large raindrop.

(2)
p=10x10°kgm>

n=18x10"Pas
3 .
vz 249810y 107 2 @ Gi)

-

TN

Examiner Comments

Full marks for a correct answer.
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Question 13 (c)

Students demonstrated their knowledge and understanding of the conditions of Stokes' law, but
could not always apply these to draw a conclusion as required by this question. Many set out the
conditions in detail but did not make it clear whether they applied or not in this situation. They
rarely referred to the key piece of evidence, the factor of almost 100 between their calculated value
from part (b) and the measured value in table, which should have put it beyond doubt.

(c) Explain whether Stokes’ law is suitable for calculating the terminal velocity of raindrops.
3)

Dlokegs law. T onky . Susable §1 colculating . minal. VRlOCy. bt
thie Smasl mowcutes obgcksl . betng . ee d, s lminec. flow. IS

equical s for.. Apminad... whouby. The Stobeds (4w, 15, Suikable.. . alndreys ..

olleck .  coledodon R (15 fumined  alo ,

ResultsPlus

Examiner Comments

This response incorrectly states that Stokes' law is
suitable, but then goes on to give a reason,
turbulent flow, why it is not suitable (0 marks).

(¢) Explain whether Stokes’ law is suitable for calculating the terminal velocity of raindrops.
3)

GCE Physics 9PHO 02
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ResultsPlus

Examiner Comments

A correct conclusion using the data is obtained, but
there is no discussion of the physical factors. The
guestion says 'explain’ so, in addition to quoting
the numerical evidence, reasons for why this is the
case should be given in some detail - not just
'external forces' (1 mark).

Examiner Tip

Be sure to be aware of the requirements indicated
by the different command words.

(c) Explain whether Stokes’ law is suitable for calculating the terminal velocity of raindrops.

| lcu.» B Jox S
.clawh = sipee gpred ek ‘

Floua cmomd meM By
MAL tom  be @AAZM}:

So nok suikable .
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{Z ResultsPlus
Examiner Comments

The physical reasons are given in terms of Stokes'
law. There is some misunderstanding of the
situation because the calculated speed is stated as
if it is the actual speed. A comparison between

calculated and measured speed is required for a
third mark (2 marks).

(c) Explain whether Stokes’ law is suitable for calculating the terminal velocity of raindrops.
3)

........................................... fhevalug  cadealated oboye (Boomfe) depllys

Lo . ‘&p.bfe (1.1 'M/.c
e o porfecd

§o ........... -H»e ....... Shke¥ bow commet be 01.?}’ ________________________________________________________________
- A}O—r ¢ MO’W . (Total for Question 13 = 7 marks)

{z ResultsPlus
Examiner Comments

A very good response awarded 3 marks.
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Question 14

The marks here were equally divided between a calculation, using the energy to calculate
momentum and then the relationship between the de Broglie wavelength and momentum, and an
explanation of the interference observed. Students very often only addressed one of these and
therefore did not make the connection between the calculated wavelength and the observed effect.

Of those completing a calculation, many used the quoted wavelength to calculate the energy
instead.

Of those explaining interference, some did so in general terms and did not clearly link X to
destructive interference and Y to constructive interference. Others got path difference and phase
difference confused, saying that the phase difference was half a wavelength, for example, rather
than saying that the path difference was half a wavelength.

The path difference for electrons arriving at band X from the separate slits was 2.5 X 107" m
For electrons arriving at band Y the path difference was 5.0 x 107" m

Explain why this pattern is observed when the electron energy is 9.6 x 1077 J.

The electrons are travelling at non-relativistic speeds.

........ s,mm {m: ﬁu. Wuxabm m.........5...@.:10....‘...414 0 mw.fh ok Fmana

...... {mm m{mmmm e

£ tha.. (Jmtkd%zmm ..... B (), . as0sn.. 00 . mm ........

e %WW“W ji:j::

..... ,‘1 6xlb"m Aich .. )w.yaum 7 N
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%Z ResultsPlus
Examiner Comments

This answers the interference part correctly but
doesn't include any calculation related to the
wavelength (3 marks).

The path difference for electrons arriving at band X from the separate slits was 2.5 x 10" m
For electrons arriving at band Y the path difference was 5.0 x 107" m

Explain why this pattern is observed when the electron energy is 9.6 x 1077 J.

The electrons are travelling at non-relativistic speeds.

wd/ heoon, Lwhﬁwa\ﬂ-
o Com bR Med I»Fan& M

______ P"“‘MTL:‘;‘

PriR Wy

ﬁResults@lus
Examiner Comments

3 marks were awarded here for the calculations,
but the written part does not explain the
interference effect observed.

GCE Physics 9PHO 02
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The path difference for electrons arriving at band X from the separate slits was 2.5 x 107" m.
For electrons arriving at band Y the path difference was 5.0 x 107" m.

Explain why this pattern is observed when the electron energy is 9.6 x 1077 J.

The electrons are travelling at non-relativistic speeds.

B - 2 $.377 2%
» A= 9-11x0 TR

%Z ResultsPlus
Examiner Comments

The full 6 marks have been awarded to this
response which includes a full, correct calculation
and the required explanation of the interference
effect.
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Question 15 (a) (i)

Students adopted different approaches to this question. The most straightforward was to calculate
the period and compare it to 12 hours. An alternative approach was to use the period to calculate
the orbital height, although here some forgot to subtract the radius of the planet. The other
methods involved calculating the same quantity from two different starting points - the stated
period and the orbital height - to arrive at comparable quantities. Students doing this often failed
to make an explicit final comparison to make their conclusion clear and were not awarded the final
mark.

In their calculations, students were generally able to apply Newton’s universal law of gravitation
correctly, but could not always proceed successfully from there. Using the correct value of
separation by adding the orbital height and planetary radius was a source of difficulty for a number
of students.

15 In 2015 the Messenger spacecraft crashed into the surface of the planet Mercury after
four years in orbit observing the surface of Mercury. P
7T

Messenger’s orbit was highly elliptical, varying between 200 km and 15 000 km above

the surface of Mercury. Messenger completed one full orbit every 12 hours. 96 W\
)
mass of Messenger spacecraft = 565 kg T \.«E e A
mass of planet Mercury = 3.30 x 10” kg T L @
radius of planet Mercury = 2430 km e
ot gt @.F"-

(a) It has been suggested that the same orbital period of about 12 hours could have been q"ﬁ %
achieved if Messenger was in a circular orbit 7690 km above the surface of Mercury. 1 %1%{.

o
(i) Determine whether this suggestion is correct. i (-1-'- f_nM'T
4

4:-Ir:r°- LGM &

1t aux (7610010)°
c. a'rxlo'”x 5 310>
Tz 28551s = 7.95 howns.
"=5 Suﬁ?v-tew » mr.nfff.dr
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N

J
-

N/ (ResultsPlus
ﬁ/\e Examiner Comments

In this response the relevant formulae have been
combined before substitution. An incorrect value
for r has been used, ignoring the planetary radius,
so the 'use of' marks have been awarded, but not
the mark for the final answer. There is a correct
conclusion based on the value obtained, but it has
not been compared directly with 12 hours, so the
final mark is not awarded, giving a total mark of 2.

- \

- ResultsPlus

\ Examiner Tip

When you are asked to 'determine whether’ certain
conditions are met, you must make a clear
statement, including any values being compared.




15 In 2015 the Messenger spacecraft crashed into the surface of the planet Mercury after
four years in orbit observing the surface of Mercury.

Messenger’s orbit was highly elliptical, varying between 200 km and 15 000 km above
the surface of Mercury. Messenger completed one full orbit every 12 hours.

o
mass of Messenger spacecraft = 565 kg ‘ .

mass of planet Mercury = 3,30 x 10% kg @_M— __[IN__
radius of planet Mercury = 2430 km (:' - r 2. = r

could have been

of Mercury. C@ - Ve

(a) It has been suggested that the same orbital period of about 12 ho
achieved if Messenger was in a circular orbit 7690 km above the

ResultsPlus

Examiner Comments

4 marks out of 4 awarded for the correct
calculation of the answer and a correct conclusion
including a direct comparison of the values.
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Question 15 (a) (ii)

Students displayed some understanding of relevant advantages, but did not always express this
with sufficient clarity to be awarded two marks. ‘Better pictures’ would not be sufficient.

(ii) The elliptical orbit chosen had advantages over this circular orbit.

Explain one advantage.

GetS closer o Ha Plfmep af
Ge/'iLa ~ Fc S So  obfe thmj CWE,

(2)

ResultsPlus

Examiner Comments

1 mark has been awarded for stating that the
satellite can get closer to the planet than in the
circular orbit, but 'observations are better' is not
sufficient for a further mark.

(ii) The elliptical orbit chosen had advantages over this circular orbit,

Explain one advantage.

(2)

| “Mwnﬁ¢wthLrwqﬁ*a«mw N_—

ﬂﬁf&ﬂ#ﬁ'xf‘ﬂﬂkwﬂﬁhdd‘m . S

ResultsPlus

Examiner Comments

In this response the comment that photographs
would be a lot more detailed was just sufficient for
the award of the second mark for a total of 2.
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Question 15 (b)

This was poorly answered except at the higher levels of achievement for the paper. The great
majority of students seemed entirely unfamiliar with the concept of gravitational potential,
something that was not in the previous specification. Many did not even appreciate the change in
gravitational field strength as the distance from the planet increased and simply used Newton'’s
universal law of gravitation to calculate a single value of acceleration due to free fall and applied
this using equations of motion.

Of those using gravitational potential, some had difficulty in applying the correct distances or used
a single distance and did not calculate a change.

(b) Calculate the velocity an object would have as it reached the surface of Mercury if it
was released from Messenger’s maximum orbital height.
Assume the object is released from rest and that Mercury has no atmosphere.

(4)
Isoooxi02 < h
8 r-._

"'ﬂra-ge%j*—‘bb?kfoxm

L

.’fmfogwf-“’=3%bma
x 0.3 ’

Velocity = 3426ms="

ResultsPlus

~= Examiner Comments

This response was allowed 1 mark, marking point 3
on the mark scheme, for using the idea of a
transfer of energy from the gravitational potential
energy store to the kinetic energy store. The
student has calculated a single value of
gravitational field strength and incorrectly applied
this throughout the whole distance and has gained
no further marks.
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(b) Calculate the velocity an object would have as it reached the surface of Mercury if it
was released from Messenger’s maximum orbital height.
Assume the object is released from rest and that Mercury has no atmosphere.
4)

|
~GM (£~ 2

i |
GM (maw _ wrsowu;owm)j _'? % J‘w g{»/x?
K "?me 5 - fi' 4""0 j

ResultsPlus

Examiner Comments

The full 4 marks have been awarded for this
answer where the difference in gravitational
potential has been correctly calculated and used to
arrive at the required answer.
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Question 16 (a)

Many students did not see this as an example of resonance and expressed their answers in terms
of damping. They all, at least, appreciated that a transfer of energy was taking place and, as long as
they were careful to identify and address the three main phases of the behaviour described, were
rewarded for describing the process of transfer from B to A. For those describing resonance, a
statement linking equal lengths to equal natural frequencies was often missing as was the idea that
all of A's energy had been transferred to B at one stage. Similarly, the difference in length in the last
part was not always directly linked to a difference in natural frequencies.
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16 The diagram shows two identical pendulums, A and B, side by side with a rubber band
placed over both strings.

rubber band

® ®

Pendulum A is displaced and starts to oscillate. As pendulum A oscillates, pendulum B
starts to oscillate with the same time period, its amplitude increasing as the amplitude of
pendulum A decreases. At one stage pendulum A is no longer oscillating and pendulum
B has its maximum amplitude. Then pendulum A starts to oscillate again with increasing
amplitude, as the amplitude of pendulum B decreases.

The apparatus is adjusted so that the pendulums do not have the same length as each
other. When the first pendulum is set into oscillation, the second pendulum starts to
oscillate, but with very small amplitude; the first pendulum does not stop oscillating.

*(a) Explain this behaviour.
(6)

.....\(i.ﬁm\\\\g ...... paddom ks oclanon gl tbe pbbec bend
ok W e frequaney o peedulum B fgwral

..... Mwusmwu - Mo rubbey had aon en e
drweg. Toe W drwing  freguency e dofe o He

Ocllawons, The  Jome froquanaey coun  ferdhonee ok pendulum.
%,«%‘v\w‘rwmb{*wﬁmjm["lh& ............................................................................................................
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N (ResultsPlus
E/N Examiner Comments

Indicative marking points 2 and 3 have been
included in the first paragraph, allowing 2 marks.
This is insufficient indicative content for the award
of marks for linkage, so the total mark is 2.
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16 The diagram shows two identical pendulums, A and B, side by side with a rubber band

placed over both strings.
e B

rubber band

® ®

Pendulum A is displaced and starts to oscillate. As pendulum A oscillates, pendulum B
starts to oscillate with the same time period, its amplitude increasing as the amplitude of
pendulum A decreases. At one stage pendulum A is no longer oscillating and pendulum
B has its maximum amplitude. Then pendulum A starts to oscillate again with increasing

amplitude, as the amplitude of pendulum B decreases.

The apparatus is adjusted so that the pendulums do not have the same length as each
other. When the first pendulum is set into oscillation, the second pendulum starts to
oscillate, but with very small amplitude; the first pendulum does not stop oscillating.

*(a) Explain this behaviour.
(6)

owiman . AOQNNAE o ORiMI e, TSRO 00 A sl Atk e ol mesy
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< / ResultsPlus

| /< Examiner Comments

All 6 of the indicative marking points have been
included, allowing 4 marks for the indicative
content. As required for maximum linkage marks,
the answer shows a coherent and logical structure
with linkages and fully sustained lines of reasoning
demonstrated throughout, so the total mark is 6.
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Question 16 (b) (i)

This mark was very rarely awarded. Most students could identify the phase difference as 1/2 but
they just did not make any mention of which was ahead of which in the cycle.

(b) The graph shows how the displacement of each pendulum varies with time at one
stage in the motion.

A

1T
1

7 A Time /s

(i) State the phase relationship between the two pendulums.
(1)

90 = difloewe of gnnt€ — out ol pooge

ResultsPlus

Examiner Comments

A phase difference of 90 degrees has been
correctly identified, but no information about
which pendulum leads to fully describe the phase
relationship, so no marks were awarded.
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(b) The graph shows how the displacement of each pendulum varies with time at one
stage in the motion.

A

‘ ; '.'f. et NN Time / s

(i) State the phase relationship between the two pendulums.
(1)

ResultsPlus

Examiner Comments

No mark awarded. The phase difference of /2 is
correct, but this response states that B leads. On
the graph A is at maximum displacement at time
Os but B is not at maximum displacement until a
later time, so A leads B. A graph of this shape for
two waves with distance as the horizontal axis
would show B ahead of A, but not this graph.

ﬂ ResuitsPlus
Examiner Tip

When considering phase differences, look carefully
to check whether the horizontal axis shows time or
distance.
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(b) The graph shows how the displacement of each pendulum varies with time at one
stage in the motion.

A

AT

s mas == Time /s

(i) State the phase relationship between the two pendulums.
(1)

L)
G ﬁ :
YT AT £ T .= T 1 S PP Ay PR

% ResultsPlus
Examiner Comments

1 mark for a correct answer.
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Question 16 (b) (ii)

Most students applied the relevant formula to arrive at the correct answer, but a number misread
the graph and used an incorrect value of time. Some students, in obtaining the time period of
pendulum B, read 1.0 on the graph and counted 4 small squares to give a time of 1.4 s instead of
1.2 s because they did not look beyond the 1.0 to correctly establish the scale.

(ii)

T = o SZ __F T\2. L
i x e P L L

Length = qum

ResultsPlus

Examiner Comments

1 mark has been awarded for 'use of' the correct
formula with relevant quantities, but the time used
is incorrect, so no more marks are available.

ResultsPlus
Examiner Tip

When using graphs, read the scale values on either
side of the point of interest to ensure you are
using the scale correctly.
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(ii) Determine the length of pendulums A and B.
(3)

[

i 28, =2T’T‘\{d§
0 . {905... = ‘I/

(-

L

3

O,u% 1.4 =

L= Uu.2

¥FT m

Length=_ W-287Tm ..

ResultsPlus

~=~ Examiner Comments

1 mark has been awarded for using the correct
time from the graph, but there is no mark for
substitution because the numerical value for g has
not been written down.

‘ ResultsP
Examiner Tip

'Use of' marks cannot be awarded if physical
constants are left as letters - they must be written
down as the correct numerical value.
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Question 17 (a)

This was the first scale ray diagram in the examination of Advanced level on this specification and it
was not answered well by the majority. The question made clear that the screen shown was the
object in this diagram, and that seemed to have been understood, but the basic use of two correct
construction rays extrapolated to a virtual image was not seen in over a half of responses. Students
completing the ray diagram were usually within the accuracy limits and could often calculate
magnification, but a clear conclusion related to the conditions set out was not often made by those
who had completed everything else correctly in this AO3 question.

GCE Physics 9PHO 02 37



For a particular user of the headset, the image of the screen must be at least 16 cm
from the eye and have a magnification of at least 3.0.

Determine whether this would be possible with a lens of focal length 3.8 cm.
Your answer should include a full-scale ray diagram drawn on the grid provided.

4)

distance from screen to lens = 2.8 cm

distance from lens to eye = 2.2 cm 2
........... bt 546 =0 0 Tfe¢ ys lobUbm
........................... 3 5% < Brzycy  vEMeee O VRHR aa g

 Thin (g ek posihle vith i for 34 B mapgitdunc § <l 5ot hyger bon 3

/L ’M# he ph sk 16 am ham Je the.
wt
- - 8Creen
- . lm
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,@««"g/\(*ﬁ -
N / ResultsPlus

‘v| < Examiner Comments

This response shows a correct ray diagram, with an
image within the required range. The
magnification is also within the range. The
conclusion is correct, but there is not a clear
comparison to the required distance to the eye, so
only the first 3 marks are awarded.
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\ or a particular user of the headset, the image of thg.gcreer mustbeatl
ﬂ'omthceyeandhaveamngniﬁutiunofatl

Determine whether this would be possible with a lens of focal length 3.8 cm.

Your answer should include a full-scale ray diagram drawn on the grid provided.
(4)

distance from screen to lens = Zch/

distance from lens to eye = 2.2 em /

L __MUG{..AG&M‘?RM

Imnghfr“ﬁn [ Chewe 73)

i b 1113 G
i i g s e ]G m”.m

07l
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ResultsPlus

Examiner Comments

The full 4 marks are awarded for a correct
diagram, correct calculations and a clear
comparison.

GCE Physics 9PHO 02 41



Question 17 (b)

Nearly half the students applied Snell's law to correctly calculate the angle of refraction, but most
could not go on to calculate the angle of deviation, most of them not realising the difference and
apparently thinking they were the same thing as they wrote 44° on the answer line.

A failure to appreciate the idea of deviation in part (i) meant that most candidates were hindered in
their approach to part (ii), so marks were infrequently awarded. Credit was most often given for the
idea of all of the rays passing through the principal focus, but some students missed out by not
identifying this point.

(b) Plastic Fresnel lenses are used in the VR headset because they are thinner and lighter
than traditional glass lenses.

Instead of the continuous curved surface of a converging lens the Fresnel lens has circular ridges,
each with an edge at a different angle to the adjacent ridge, as shown in the simplified
cross-section in Figure 1. Figure 2 shows a ray of light entering a section of the lens.

Figure 1 Figure 2

(i) Calculate the angle through which the ray has been deviated as it emerges from the plastic.
(4)
refractive index of plastic = 1.47

N, S = ny §n8,

P 3 Sin a8 = Sl
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(ii) Explain how the lens focuses a beam of light travelling parallel to the principal axis.
(3)

ResultsPlus

Examiner Comments

(i) 2 marks awarded for correctly calculating the
angle of refraction of the ray, but deviation has not
been considered.

(ii) While not considering the variation in the angles
of incidence and deviation, this response is
awarded 1 mark for the comment about the
'beams' being refracted to the principal focus.
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(b) Plastic Fresnel lenses are used in the VR headset because they are thinner and lighter
than traditional glass lenses.

Instead of the continuous curved surface of a converging lens the Fresnel lens has circular ridges,
each with an edge at a different angle to the adjacent ridge, as shown in the simplified
cross-section in Figure 1. Figure 2 shows a ray of light entering a section of the lens.

Figure 1 Figure 2

(i) Calculate the angle through which the ray has been deviated as it emerges from the plastic.
“)
refractive index of plastic = 1.47
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(ii) Explain how the lens focuses a beam of light travelling parallel to the principal axis.

@)
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ResultsPlus

Examiner Comments

(i) 4 marks for calculating the angle of refraction
and using it to calculate the deviation of the ray.

(i) The first two marking points are awarded for
the comments about the changing angles of
incidence and their effect on the amount of
refraction (2 marks).
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Question 18 (a)

A majority of students completed both parts successfully. Those who failed to convert years to
seconds in part (i) could still obtain 5 marks out of 6 and commonly did so.

18 Phosphogypsum is a by-product in the manufacture of fertiliser. It is slightly radioactive
because of the presence of radium-226, a radioisotope with a half-life of 160‘0 years,
l-\

= 1ooo
It must be stored securely as long as the activity of the radium-226 it contains is greater

than 0.4 Bq per gram of phosphogypsum.
(a) (i) In a sample of 1.0g of phosphogypsum, the activity of radium-226 is 1.3 Bq.

Calculate the number of nuclei of radium-226 in this sample.

3

Number of nuclei = .. QN ...

(ii) Calculate the time in years it would take before this sample reached the permitted
level of decay rate.
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ResultsPlus

Examiner Comments

(i) Time has been left in years, so 2 marks are
awarded for 'use of' the required formulae.

(i) As the final answer is in years, the use of years
for the calculation is acceptable (3 marks).

18 Phosphogypsum is a by-product in the manufacture of fertiliser. It is slightly radioactive
because of the presence of radium-226, a radioisotope with a half-life of 1600 years.

It must be stored securely as long as the activity of the radium-226 it contains is greater
than 0.4 Bq per gram of phosphogypsum.

(a) (i) Ina sample of 1.0g of phosphogypsum, the activity of radium-226 is 1.3 Bq.
Calculate the number of nuclei of radium-226 in this sample.

3)
..................... = 2 o A=AAL
................................. (”U,_, /\{5’4,{(
................... P GL-‘P"
................................ /haoxzssx'mxaqzwrz)%\_r,,”
........ A—;IS?){(Q"”N

Number of nuclei = ...l e 2N

(ii) Calculate the time in years it would take before this sample reached the permitted
level of decay rate.

_re. 3)
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ResultsPlus

Examiner Comments

Both parts are fully correct and are awarded 3 out
of 3 each.
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Question 18 (b)

A large majority completed this part successfully for full marks. Some made errors in calculating the
mass difference or omitted one of the steps in the calculation, obtaining 3 or 4 marks, but scores
lower than this were rare.

(b) Radium-226 decays to radon-222 by alpha emission.

Determine the energy released in MeV in the decay of a single nucleus of radium-226.
(5)

mass of radium-226 nucleus = 22597713 u

mass of radon-222 nucleus = 221.97040 u

mass of a particle = 4.00151 u

______ 296-9721% = 2721-dkeo + lrep 6/5( + 2
....... 275- G723 - 226-2719) =
Cx=50xld o

............ L xle = ClbsloMey
o lexle™

Energy released = ELI-J(!O .........

%Z ResultsPlus
Examiner Comments

3 marks awarded. The student has qualified for
marking points 1, 2 and 4 but has omitted the
energy-mass conversion using AE = c?Am.

..................... MeV
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24—y (224 1
(b) Radium-226 decays to radon-222 by alpha emission,

Determine the energy released in MeV in the decay of a single nucleus of radium-226,
(5)

mass of radium-226 nucleus = 225.97713 u
mass of radon-222 nucleus = 221,97040 u

Energy released = %57 .................................. MeV

@Z ResultsPlus
Examiner Comments

5 marks out of 5 for a fully correct answer.
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Question 19 (a)

The great majority were able to correctly calculate the luminosity of Proxima Centauri, although
some did not compare it to the luminosity of the Sun. Most of these used luminosity to calculate
the surface temperature, obtaining 5 marks out of 6. Many of these did not go on to score the final
mark because there was not a clear and correct conclusion as required for AO3. In a number of
cases this was because they did not take into account the decreasing temperature on the
horizontal axis and marked the axis to the right of 3000 K. Some others had some difficulty with the
logarithmic scale for luminosity.

19 In 2016 the Breakthrough Starshot initiative was announced. This project intends to send
a fleet of small probes to Proxima Centauri, the nearest star to the Sun. This journey
would take about twenty years.

(a) The radiation intensity at Earth from Proxima Centauri is 3.25 x 107" W m™,
The luminosity of the Sun is L.

(1) Show that the luminosity of Proxima Centauri is about 0.002 L.

(3)
distance to Proxima Centauri = 4,00 x 10'"* m
L,=385x10%W L
I e n. 15 0- "
= 1 . w =

== (‘3.2_‘5;. tQ,_H) X e TT w ((Urhr \Q!L)l)
= bS3IS x0T\ S e i e
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(it) Proxima Centauri is described on a website as a main sequence star.
Determine whether the surface temperature of Proxima Centauri is consistent with
a position on the main sequence of the Hertzsprung-Russell diagram.
(3)
radius of Proxima Centauri = 9.81 x 10’ m
106 5

10

Luminosity / L,
n

10° -

10
24 000 12 000 6000 3000

= Elew T

—
6535’“‘°“=(Sb‘-?rm"’}u*-*frs(qﬁlﬂo'*)ix‘
- 6-535 k10*?

-

55“5?!?10‘*)?&—«-;w(QEluqo?)"-

-
,_r-—"-:q-S"l_,y(g 'T":ba-s'%h\d“ T 3N w5 K
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itk a postun or e Man Qegq Laace |
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ResultsPlus

Examiner Comments

(i) 2 marks - The luminosity has been calculated
correctly, but the fraction of the Sun's luminosity
has not. The student has calculated 0.002 of the
luminosity of the Sun, but then crossed it out.

(ii) 2 marks - The calculation of surface
temperature is correct, but the comparison point
of the graph is indicated by a circle that is too large
and centred on the wrong point.

19 In 2016 the Breakthrough Starshot initiative was announced. This project intends to send
a fleet of small probes to Proxima Centauri, the nearest star to the Sun. This journey
would take about twenty years.

(a) The radiation intensity at Earth from Proxima Centauri is 3.25 x 107" W m™.
The luminosity of the Sun is L.

(i) Show that the luminosity of Proxima Centauri is about 0.002 L .
(3)
distance to Proxima Centauri = 4.00 x 10'* m
L, =385%x10*W

i =
........................... 8- LSpd =T v L> b-S3ms0*

-—lk-¢?‘t,r.(t1-.r.,a' 2 WU, ot T

= 000 b9 Lo
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(ii) Proxima Centauri is described on a website as a main sequence star.

Determine whether the surface temperature of Proxima Centauri is consistent with
a position on the main sequence of the Hertzsprung-Russell diagram.

3)
radius of Proxima Centauri = 9.81 x 10’ m
1064
10“— .‘\;'.: ’ . '.-.. . . - ...‘ \., ’
. . %ﬂi‘ .. .
~ e,
.E” 107 - : @_;‘ .
8 .
LI
10-2 = . a 'I:a
10'4 T ' T I
24 000 12 000 6000 3000
Temperature / K
............ |2 X Gkt £ T Ny, (F Y Oasises,
MCD\W;-\ pre - -
........... ST~ RIRIY, - Pt B O TSPV vl TR i D SRRSO
N TE Y Wk, 19 @Rk

— L5 T iz &2 K
S Aemresr—( Stas ) o

ResultsPlus

Examiner Comments

(i) 3 marks for a correct calculation of luminosity
used to determine a correct ratio to the required
extra significant figure.

(ii) 3 marks for a correct calculation and an
exemplary conclusion.
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Question 19 (b)

This is not a new topic on the specification, although it is likely to have been studied in year 12 as it
is in the AS section, so the overall poor response was somewhat surprising. It might have been
because the question was about an absorption spectrum rather than an emission spectrum, which
occurs more frequently in past papers, although the specification just refers to line spectra. A
number of students did not appear to recognise line spectra as the subject of the question and
instead focused on the Doppler Effect.

The required points in the mark scheme are the standard points used for many years, but
insufficient detail was given by the majority of students so that many scored no marks at all.
Discrete energy levels were often not mentioned and neither were photons, which were required
for 3 of the marks.

(b) The composition of a star can be determined by analysis of its absorption spectrum.

Explain why there are certain specific frequencies missing from the spectrum.
(5)

Pr Pt 16 ahomed  when e difteronee

P "Wh.h valﬂod uf— aryu(j LeAfpan...

ResultsPlus

Examiner Comments

The first sentence of this response corresponds to
marking point 3 and the second to marking point 2
for a total of 2 marks.
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ResultsPlus
Examiner Tip

Learn standard descriptions of physical processes,
such as the production of atomic line spectra, and
be able apply them with sufficient detail to specific
situations, such as absorption spectra in this case.

(b) The composition of a star can be determined by analysis of its absorption spectrum.

Explain why there are certain specific frequencies missing from the spectrum.
(5)

ﬂ&M%WWW&MWﬁM'}%#MM&

WMW%M%QML&MM“«%W ..... J‘Mrﬁwwm,
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WMWMM%%&M,WW\}W%&“M&
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ResultsPlus

Examiner Comments

This is an excellent response and gains 5 marks
out of 5.
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Question 19 (c)

In contrast to part (b), this part was answered well, with over half of the students being awarded at
least 2 marks. The most common missing element in the answer was a reference to background
stars. Many students gained at least 2 marks for their use of a diagram, which is relevant for this
topic.

A few students described incorrect methods for nearby stars, such as the use of standard candles.

(c) Describe how the distance to nearby stars like Proxima Centauri is determined.

(3)

+IUS

Examiner Comments

Despite the question stating that Proxima Centauri
is the nearest star to the Sun, this answer explicitly
refers to stars that are too far away for parallax to
be used and suggests standard candles (0 marks).

4 ResultsPlus
Examiner Tip

Be sure to learn the relevant parts of the 'Cosmic
distance ladder’, the distances at which they apply
and the reasons.
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(c) Describe how the distance to nearby stars like Proxima Centauri is determined.

Me o o-—& ....... m[(ﬂ( 3’ 14.... e e o titn
.......... ""dm\ﬁ'-' nolm

........... ka%&.»«%h%ﬁmhwmﬁi

</ZZ ResultsPlus
Examiner Comments

2 marks awarded in total for marking points 1 and
3, but there is no reference to fixed distant stars.

(c) Describe how the distance to nearby stars like Proxima Centauri is determined.

St m Mg 4 m’kﬁq&r mﬁﬂummw ﬂw- % .........

e— . m om - - = -
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3 marks out of 3 were awarded for a very clear

answer.

ResultsPlus

Examiner Comments
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Paper Summary

Based on their performance on this paper, students are offered the following advice:

* There are no extra marks for completing multiple choice questions ‘in your head’, so students
should be ready to write them out on the paper.

* Be sure you know the command words and understand the level of required response for each
of them, e.g. explain would mean a student must say why something happens and not just
describe what happens. There will always be at least two linked marking points for a question
asking you to ‘explain’.

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

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

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

* In questions with mixed quantities, be sure to convert all values to standard SI base units or
derived units, e.g. convert years or hours to seconds, °C to K, nm, mm and km to m.

¢ Be sure to know the standard SI prefixes and be able to apply the correct power of ten.

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

* When substituting in an equation with a power term, e.g. x%, don't suddenly miss off the index
when substituting or forget it in the calculation, such as failing to calculate a square root.

* When using graphs, read the scale values on either side of the point of interest to ensure you are
using the scale correctly.

* Remember that phase difference is expressed as an angle and path difference is expressed in
terms of distance or wavelengths.
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Grade Boundaries

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

http://www.edexcel.com/iwantto/Pages/grade-boundaries.aspx
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