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Introduction

The assessment structure of WPH15 mirrors that of WPH14. It consists of 10 multiple choice
questions, a number of short answer questions and some longer, less structured questions.

As it is an A2 assessment unit, synoptic elements are incorporated into this paper. There is
overlap with circular motion and exponential variation in Unit 4, but also overlap with some of the
AS content from Units 1 and 2.

The paper includes the use of specific command words as detailed in the specification, Appendix
9: Taxonomy. It is recommended that centres ensure that their students understand what is
required when responding to such questions. In this paper where the command word was
'deduced’, 'evaluated', or 'assessed', the final mark could sometimes not be awarded on
otherwise good responses because a final appropriate comment was missing.

Candidates should be encouraged to read questions carefully to ensure that their responses take
into account all the relevant information. Section B questions are set in context. Candidates
should be aware that the context of the physics in which the question is set and all
supplementary information provided are required for a complete response that could gain full
marks.

Sometimes candidates start their response by repeating the question.
This may mean that they struggle to get all of the relevant points in the space provided.

Candidates should be encouraged to consider the number of marks available for a question, and
to use this to inform their response. If candidates either need more space or want to replace an
answer, they should indicate clearly where that response is to be found.

Candidates should be encouraged to work with mark schemes in preparation for their exam.
However, it is important that they understand that mark schemes do not provide model answers
to questions. Mark schemes are written for examiners, and so sometimes refer to what
examiners expect to see rather than giving a complete answer.

Multiple Choice Questions

In general candidates’ performance in this section of the paper was similar to candidates’
performance in previous series. The mean mark for this section was 7 out of 10, with only Q3 and
Q6 having a facility less than 0.6

Q3 required a comparison of how binding energy per nucleon changes for fission and fusion.

Q6 was set in a practical context, and required candidates to combine knowledge of the inverse
square law with background count rate.
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Question 11

The majority of candidates attempted this question very well and demonstrated a good
understanding of the concept being tested. Most responses showed the correct application of the
relevant formula. However, in some cases, candidates failed to add the two masses where
required, which led to incorrect final answers. Some responses missed out on MP3 due to
calculation errors in determining the spring constant. A few candidates selected the pendulum
equation, and occasionally the use of the Boltzmann constant or the Coulomb's law constant was
seen substituted for k.
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11 The photograph shows a woman making a bungee jump. The woman was attached to a
platform high above the ground by an elastic rope.

platform

elastic rope

woman

{Source: © Pearson Asset Library)

After reaching the lowest point of the bungee jump, the woman oscillated with simple
harmonic motion of period 1.50s.

The woman returned to the platform to repeat the bungee jump. She was fastened to a
second person. The same elastic rope was used for the bungee jump.

After reaching the lowest point of the bungee jump, the two people oscillated with
simple harmonic motion.

Calculate the period of oscillation of the two people.

mass of woman = 67kg
mass of second person = 72kg

—

: ) == T2 = M %oz 2.1bS

L -

Period of oscillation = ]\bs o
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This response follows the method used by most candidates. After using the time period
equation to calculate a value for k, the time period equation is used again to calculate the
new period. The final answer is correct with units, and so all 3 marks are scored. Note that,
from the handwriting, the unit (s) could be a number five (5), although this was disregarded
here.

Examiner Tip

s ResultsPlus
<

Write numerical values and units clearly.
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11 The photograph shows a woman making a bungee jump. The woman was attached to a
platform high above the ground by an elastic rope,

platform

elastic rope

womarn

(Source: © Pearson Asset Library)

After reaching the lowest point of the bungee jump, the woman oscillated with simple
harmonic motion of period 1.50s.

The woman returned to the platform to repeat the bungee jump. She was fastened to a
second person. The same elastic rope was used for the bungee jump.

After reaching the lowest point of the bungee jump, the two people oscillated with
simple harmonic motion.

Calculate the period of oscillation of the two people.

mass of woman = 67kg
mass of second person = 72kg

my AR D= ks Tz 1) Xt

Period of oscillation = ..
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This response uses the less frequently seen ratio method. The final answer is correct and
units are included, so this scored all 3 marks.
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Question 12

This was a challenging question for many candidates. The mean mark for this item was 2, and
only a quarter of responses scored full marks. Although a large number of candidates
demonstrated a correct understanding of the relationship between the thickness of the material,
ionising ability, and the shape of the particle tracks, many framed their answers as a comparison
between alpha and beta particles, rather than directly addressing the question. Some candidates
missed out the 'criticise' part of the question, writing all the statements correctly but not saying
where the student in the question was wrong. Others confused the cause and effect and there
was a general lack of clarity about the use of ambiguous words like 'bigger'/'larger'. The best
responses separated the two effects into two distinct and separate causes, making their response
'clarity".

8 Int Advanced Level Physics WPH15 01



12 The photograph shows a student observing the tracks of alpha particles and beta
particles in a cloud chamber.

(Source: © NASA Archive/Alamy Stock Photo)

The particles ionise the air as they pass through the cloud chamber. Liquid droplets form
around the ions and the droplets form visible tracks.

The alpha particle tracks are thick and straight. The beta particle tracks are thin and
twisted.

The student gives the following explanation for the appearance of the tracks.

“The alpha particle tracks are thick because the alpha particles are massive particles.
The tracks are straight because the alpha particles are highly ionising.

The beta particles cause a similar amount of ionisation as the alpha particles. The beta
particle tracks are thin and twisted because beta particles are much less massive than
alpha particles.”

Criticise the student’s explanation.

N sﬁQ.msmmmJ,%eamfe.mLh,heWGﬁ%mﬁw
ozttt Ol plai . ok bt 0. LY DR Cosceek
éom:)“rv\-}“'%pn{h}qam%mn N -
'Efgur&mw& %%ﬁmﬁmwmamemwbmﬂwﬁf
lnpm},(b{mw.leﬁh&mrda'\wd't:mer\o.-srzkﬂqpabﬂ#:) o ...
O\{Mpuﬂnl%.'ﬁ(\ﬁbmmmed%oeztjﬂgf’*fw}r_g,om
— Hﬂh\ﬁmiiws%bmwﬁﬁmuuymfpw N T
%%mmoﬂ@“’uw\%[@n;%bﬁlﬂd.
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This response clearly makes the link between cause and effect for the appearance of the
tracks. There is also a critique of the statement included, so all 4 marks were scored.

&

12 The photograph shows a student observing the tracks 0 particles and beta
particles in a cloud chamber.

(Source: © NASA Archive/Alamy Stock Photo)

The particles ionise the air as they pass through the cloud chamber. Liquid droplets form
around the ions and the droplets form visible tracks, _/B

dha particle tracéﬂi.- The beta particle tracks a
twiste

The student gives the following explanation for the appearance of the tracks.

“The alpha particle tracks are thick because the alpha particles are massive particles.
The tracks are straight because the alpha particles are highly ionising.

The beta particles cause a similar amount of ionisation as the alpha particles. The beta
particle tracks are thin and twisted because beta particles are much less massive than
alpha particles.”

Criticise the student’s explanation.

Mf;hd\ ,buh‘-ccfe frades are i beawse a f’kﬂ I_f)or&des ate. t'gw.
ron(Smg, rarha&es the tiacks are Ja‘ngw Lf_cquge quh ) }Ml'-lcd&s are
 massive. Fil’-Hd-ES‘ The  beta fdrhdfs cause a4 & W lower [m)
Tonliation han Qlpha , S0 fracks ale thinner 1%4 ﬂffhﬁ "5’“‘* The .
beln .|?.°F?'.’f.‘4?§ K _‘?ﬁ.‘_’%_.__‘.’_1?______!?’_19‘?‘%..793.. So & is Puited .
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This response identifies the key features of the tracks formed by each particle and correctly
gives reasons for the appearance of the tracks. However, there is no attempt to comment
directly on the statement made in the question, and so this response scores a maximum 3
marks for the discussion of the tracks, but not MP1.

< ResultsPlus
<

Examiner Tip

When the command word is ‘criticise’, remember to comment on the information provided
in the question.
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1"



Question 13(a)

Approximately one third of the responses seen gained full marks for this question. A common
mistake was to add the two distances when calculating the gravitational potential. Many
candidates also failed to multiply the mass by the gravitational potential. A few candidates tried
to calculate a value for g and then use the GPE equation. As there is a large variation in g for the
situation given in the question, no credit was given for this method.

13 A satellite of mass 6.50 x 10’k is initially at the surface of the Earth. The satellite is
launched into a circular orbit of radius 4.22 x 10" m.

(%Jlate the change in gravitational potential energy of the satellite. R
mass of Earth = 5.98 x 10"kg 3 = 4
radius of Earth = 6.37 x 10°m -

_ G @

A (__é r;lec:xs %’xio e sxm) /c; LTROKS: le(b)

—: ‘>C fu S xlog
FOBASSET. L xIOT
= 3.46x]|0" J
- Change in gravitational potential energy = BL’-QMOJ—
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This response scores all 3 marks for a correct answer with units.

13 A satellite of mass 6.50 x 10°kg is initially at the surface of the Earth. The satellite is
launched into a circular orbit of radius 4.22 x 10 m.

(a) Calculate the change in gravitational

mass of Earth = 5.98 x 10™kg
radius of Earth = 6.37 x 10°m

of the satellite.

3)

Int Advanced Level Physics WPH15 01
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This response illustrates a common error seen. The radius of the Earth has been added to
the orbit radius. This leads to an incorrect answer which is close to the correct answer. The
response gains MP1 and MP2, but not MP3.

o
Jdar

QB ResultsPlus

A

Examiner Tip

Read the question carefully to establish what values given in the question represent.

13 A satellite of mass 6.50 x 10 kg is initially at the surface of the Earth. The satellite is
launched into a circular orbit of radius 4.22 x 10'm.

(a) Calculate the change in gravitational potential energy of the satellite.

mass of Earth = 5,98 x 10*kg
radius of Earth = 6.37 x 10°m
3)

_______________ AR myn S L SN - Wit § ALt o
) Y’- 4,22 x\g7
B, z~AIwS4rRTY  moleyuxed

Q4 C37r0f

e - & S
B A

Change in gravitational potential energy = ... % SO AU
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This response confuses G and g, so MP1 is not awarded. There is no attempt to multiply a
potential by the mass of the satellite and so MP2 is not given. The final answer is incorrect,
so not MP3.

Int Advanced Level Physics WPH15 01
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Question 13(b)

Just less than one third of the responses seen gained full marks.

Most responses were working towards comparing values for the orbital time T, but some
responses chose to compare values for the angular velocity w. MP4 was only awarded for a full
conclusion (including a comparison of values), so some missed out on this mark.

Many well expressed solutions were seen, including various approaches to comparing values.
In some responses the Kepler equation was used.

It is worth noting that there is no credit for ‘use of' this equation, although correct answers
obtained by using this equation earned full credit.

(b) The satellite is in orbit above the equator.

Deduce whether the satellite would appear to be stationary above the surface of
the Earth,

period of rotation of Earth about its axis = 8.64 x 10*s
(4)

3

f‘l.

Lo E BTG LB A% 2 7.2940 . emd S

L vnyio’ )3

LN R s AW s BbR00s RN D' - 862410 110020- 33,
W 72287 % - buad'

Ociod & .___..‘.tm!«'_g\_\'_v.hf_s_____.n{ﬁnﬁ_'__.__'zs__._____n}.m.o.'k..______m‘\'m\.... = Pﬁm#ﬂ?‘

LBoois otalien. 8o, She  SAYNN  wodld agpeac %o be staVionany.
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This response calculates a correct value for the period of the satellite. A comparison is made
with the period of rotation of the Earth (the percentage difference between the two values is
calculated) and a consistent conclusion made. Hence the response scores full marks.

\)Resultsﬁus

Examiner Tip

Be sure to write a full conclusion for 'assess'/'deduce'/'evaluate’ questions.

(b) The_satellite is in orbit above the equator.

Deduce whether Lh‘would appear to be se surface of
the Earth,

period of rotation of Earth about its axis = 8.64 x 10‘

4)

___________________ =

P P i _ ...... . s s

B e iR el B CLCY .
SO e E“'—'ﬂ"‘*“!‘b‘"')z ......................... = 63%‘1"'0 ..... M ..................................................... (ﬁ;@)h

of eoarth. (Total for Question 13 = 7 marks)
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This response attempts an unusual method of solution. The gravitational and circular
motion equations are used to calculate a correct value for the radius of orbit of a satellite
that would appear to be stationary above the surface of the Earth. Hence MP1, MP2 and
MP3 can all be awarded. The orbital radius is then compared with the radius of the Earth,
which is an incorrect comparison. Hence MP4 is not awarded. Note that the conclusion
following the comparison is not consistent with the two values compared being very
different, hence MP4 would not have been awarded even if the radius of orbit had been
compared with a sensible distance.

18
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Question 14(a)

Most candidates could relate parallax angle with distance for MP1, but MP2 was less common to
score. Common responses that did not gain credit stated that the angle was too small or difficult
to measure, instead of referring to the resolution of the instrument. More successful responses

referred to accuracy or uncertainty in the measurement.

14 Astronomers use a variety of methods to determine the distances to astronomical objects.

(a) Explain why trigonometric parallax can only be used to determine the distance to

objects that are relatively close to the Earth.
(2)

‘]‘rt\jqnqme, e petts pvellay iy net solable. yrobjﬁsﬂb
dw romw'f‘blbﬂcau‘l&rfmo(djl’&(d&arm4f¢f
mtx{tmljSwwﬂgucm.o_rfuanfj.:m*ub'lﬁ'l-oc,lmc..

p’v}eﬁhwkme,ﬂw Inewrae in ean _q_(gq-_(____(aaﬂfﬁbﬂ ..... - 1;fw3c.cm«7h
foo o velid caletetion | -
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This response refers to the change in angular position rather than the parallax angle, but
that is fine and MP1 is awarded. The reference to a great percentage uncertainty for object
far from the Earth is good enough for MP2, so the response scores both marks.

14 Astronomers use a variety of methods to determine the distances to astronomical objects.

(a) Explain why trigonometric parallax can only be used to determine the distance to
objects that are relatively close to the Earth.

@)
AWM e obice o ke
maﬂer L*s povallox ongle  hente X e
asove (A Herfore jAs onw{mwly_
 hente  ton B‘ _%5_ s ymoch

noYe. d;‘#wlé 40 be use,d. sin® A Wi\ e qLJ‘ﬂwU_

10 Voo Wacecguved .
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MP1 is seen in the first two lines of the response. In lines 3 and 5 the reference to "more
difficult to measure" would not be sufficient for MP2. However, the reference to uncertainty
increasing is just about enough for MP2.

14 Astronomers use a variety of methods to determine the distances to astronomical objects.

(a) Explain why trigonometric parallax can only be used to determine the distance to
objects that are relatively close to the Earth.
(2)

Int Advanced Level Physics WPH15 01
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This response scores zero. There is no reference to the parallax angle being small for distant
stars, so MP1 is not given. "Hard to measure" is insufficient for MP2 and the reference to
background stars interfering with the measurement of the angle is not enough either.

22
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Question 14(b)i

Almost three quarters of responses gained the mark for this item. Some responses gave
unnecessary detail relating to the way in which the luminosity of the standard candle was known.
Some identified ‘standard candle’ as the method, rather than stating what a 'standard candle' is. A
wide range of astronomical objects are used as standard candles, but references to planets and

satellites were not accepted.

(b) For objects that are not close to the Earth, the method of standard candles is used.

(i) State what is meant by g standard candle.
(1)

ﬁﬁ//ﬂvwaﬁméﬁ/qu/wm#fy
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This succinct response scores the mark.

(b) For objects that are not close to the Earth, the method of standard candles is used.

(i) State what is meant by a standard candle.
(1)

"ﬂ'iﬂmc#aa’al‘nufm"g%aﬁ/mvajﬁ/mc/
J@IM'F)Jymvmﬂbema/&ﬁ.
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In each series a small number of responses describe "standard candle" as a method of
determining the distances to astronomical objects. This does not state what a standard
candle is. Note that the wording of the question refers to the "method of standard candles"
but requires candidates to state "what is meant by a standard candle". This response scores
zero.

Int Advanced Level Physics WPH15 01
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Question 14(b)ii

Only one third of the responses seen gained full marks for this question. Common errors see
included omitting to state that a standard candle had to be located in the cluster, or to give the

intensity equation without stating what the symbols represented.

(ii) Describe how the method of standard candles is used to determine the distance

to a distant star cluster.
3)

T -

bo j& bhe dictarce d- o
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This response scores full marks. The luminosity equation is quoted, but symbols are
defined.

This response scores all 3 marks. It is clear that a standard candle is located in the cluster for MP1
and that the intensity of this standard candle is measured for MP2. The equation quoted does

not have symbols defined, but there is also a reference to the inverse square law and so MP3 is
awarded.

Note that the use of technical vocabulary is important in this question. The intensity must be
measured, and not just observed, or found, or calculated.

(ii) Describe how the method of standard candles is used to determine the distance
to a distant star cluster.

(3)

= A SNt anlie ey cegke‘it vatwple | ppe 1)

SsPeveNa 1S | acakeed Atistont. skr

...... C\sel & e TR %MM@— chosel stal
f_\'-’SH" The \jﬁm <.;~H of The stel\dol{ atdte

romi\.Tee v o of wdi obon. Srom.

- SN L cmxh\a s «\euswed pand

5 wseL fo ce\\cv\ote ﬁ\e | Amﬁams ...... \e—a'(‘ws
_____ GC\“S*Q‘F
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Use correct technical vocabularly in a response to a descriptive question.

(ii) Describe how the method of standard candles is used to determine the distance

to a distant star cluster. T _%-
AL

M;;i,[.;;;A_zgﬂfﬁfﬁf
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This response scores 1 mark. There is no reference to locating a standard candle, so not
MP1. The sentences that refer to a star of known luminosity being chosen comes close to
this, but this is crossed out anyway. The first two lines of the response gain MP2, but the
equation isn't enough for MP3 as symbols are not defined.

< ResultsPlus
<

Examiner Tip

If you use an equation as part of an explanation, always state what the symbols in the
equation represent.

Int Advanced Level Physics WPH15 01
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Question 15(a)

This question has been asked many times in various contexts, but it still elicits a mixed response.
Candidates sometimes referred to displacement but not where the displacement is measured
from. Similarly, reference is sometimes made to acceleration (or resultant force) toward
equilibrium, and not toward the equilibrium position. For this reason it was common for
responses to score just 1 mark. Candidates need to remember that the displacement must be
from the equilibrium position, and that the acceleration (or resultant force) is always towards the

equilibrium position.

15 The body of a racing car is connected to the wheels of the racing car by a suspension
system, as shown.

wheels

suspension system

racing car body

(Source: © Jana Vostal / Alamy Stock Vector)

When the body of the racing car is displaced vertically from its equilibrium position, the
suspension system causes the car to oscillate with simple harmonic motion.

(a) State the conditions for an object to oscillate with simple harmonic motion.
)

0 soliod eree Qoddh . de dwedbs . Jombattiond o A
_ dishlacement ol obieck . from . Aplibriam ... st . ‘A0a svautbant ...
e gvowld  aluans. . ke ading . bowavda . equilibiiana..... ositiow..
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This response has all the key elements of the conditions for simple harmonic motion and

scores both marks.

15 The body of a racing car is connected to the wheels of the racing car by a suspension
system, as shown.

wheels

racing car body

(Source: © Jana Vostal / Alamy Stock Vector)

When the body of the racing car is displaced vertically from its equilibrium position, the
suspension system causes the car to oscillate with simple harmonic motion.

(a) State the conditions for an object to oscillate with simple harmonic motion.
(2)

suspension system

Aol 0L RIANON. MUST e QOESIIONAL Yo disp\ACRn . ...
ama\w&\ﬁsommg'\wnms ._.m.__eqpmhi.bf{fmm QOSKON..
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This response does not say enough for MP1, as the displacement must be from the
equilibrium position. However, there is enough for MP2 and so the response scores 1 mark.

.-"'. \-
-

zlf/-' "_: I-_..

\ :jl;/ ResunSﬁus

\_; Examiner Tip

Learn standard definitions in preparation for the examination.

15 The body of a racing car is connected to the wheels of the racing car by a suspension
system, as shown.

wheels

suspension system

racing car body

(Source: © Jana Vostal / Alamy Stock Vector)

When the body of the racing car is displaced vertically from its equilibrium position, the
suspension system causes the car to oscillate with simple harmonic motion.

(a) State the conditions for an object to oscillate with simple harmonic motion.
(2)

accelerobion  is  preortional o displacenent
iw-ﬂav’éf ver  Pescien. oaccelplion ack  in

] opposte  directon "0 Hisplacemedd .
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This response gives the conditions in terms of acceleration rather than force. Note that
"acceleration acts in opposite direction to displacement” is a valid alternative to
"acceleration is always acting towards the equilibrium position". The response scores both
marks.

Int Advanced Level Physics WPH15 01
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Question 15(b)

Candidates performed well on this question with almost one third of the responses seen scoring
full marks. Most candidates read two values from the graph and used s.h.m. equations to
calculate the velocity. A common error seen with this method was not realising that sin wt = 1 at
maximum amplitude. An alternative approach involved drawing a tangent to the graph at a time
at which y = 0. A small range was allowed for answers derived via this method, but some
candidates still obtained a velocity outside of this range. In either method there was the
possibility of getting units mixed up. Once again, fractions were seen in candidate’s final answers.

Determine the maximum velocity of the car body.
4)

2 A
= 0ol STx P x|

Eees

Maximum velocity of car body = ... D#N’E/E’ S
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This response has correct values read from the graph and appropriate equations used to
obtain the correct answer. The units are required here, and m/s is acceptable. The response
scores 4 marks.

(b) The graph shows how the vertical displacement y of the car body varies with time 7.

y/em T
3.0 {
2.0 \ / 508
1.0

e-2f

0.0 +

1
1]
-
[
—
=
-
=
o
T
!
I
Il
p=]
o0
—_—
o]
!
|
w

-1.0

-2.0 -

Tt
-
-

-3.0

fir==

Determine the maximum velocity of the car body. 2

vmw____ ......... (j,’_,-tg' ......................... R 2 Ym'-?-__ ........ 3‘“(5-1) ....... S -

Maximum velocity of car body = ..... OSm,s ...............
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This response draws a tangent to the curve at an appropriate point to obtain a correct
answer. Again, m/s for units of velocity is acceptable. The response scores full marks.

(b) The graph shows how the vertical displacement y of the car body varies with time 7.

ylem
3.0
2.0 =3
= LTl "'
1.0 w
¥ = Ln
0.2 k0.4 0.6 081078
o T=04
_2.0 -1 |
-3.0
Determine the maximum velocity of the car body.
1G]

D SN O

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

. I - 5 1 B 7- 1 R e o

Maximum velocity of car body = .2 88 .cms ' .
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This response includes correct readings from the graph and these values are used to
calculate the angular frequency. Hence MP1 and MP2 are awarded. The final answer is
incorrect, as sin(wt) hasn't been put equal to 1. Hence there is no further credit, and the
response scores 2 marks.

4  ResultsPlus
\

Examiner Tip

When reading values from a graph, use annotations on the graph to help you.
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Question 15(c)

About half the responses seen gained MP1.

When resistive forces were mentioned, candidates often did not specify how this related to
energy, so did not go on to talk about work done. In some cases candidates misunderstood what
work was done on, saying work was done on the car body rather than by it.

When work is done on a body, this means energy is transferred to it; when work is done by a
body, energy is transferred away from it.

Some responses tried to link the question with resonance, but this did not gain credit.

(c) Explain how damping causes the amplitude of oscillation of the car body
to decrease.

o There. W) be enrfy. trester. 1o e .Mrmdh?s.s.._ e
Tt Wok fs dore  agavst The  rovstive }nvm-. o
i S .ﬁ,o...awrkﬁd.e._.wt.“..d?.m}f.._ .
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Examiner Comments

This responses scores MP1 and MP2 as given in the mark scheme, so the response scores
full marks.

/"’. \'
Py

A\ ResultsPlus
\__; Examiner Tip

When referring to work done, be clear if it is ‘work done on’ or ‘work done by'.
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Question 16(a)

Two thirds of the responses seen gained full marks for this question. In responses that did not
score full marks errors such as not converting lengths into metres, or confusing the specific heat
capacity and latent heat in the formulas. Less common was to substitute only one temperature
value (converted to Kelvin). Some responses did not score MP5 because the energies were
subtracted instead of added.
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16 A food delivery company uses ice packs to keep food cold during delivery. Each ice
pack consists of a block of ice in a waterproof bag.

Each block of ice is initially rec_tf_n_gular, as shown.

15.0cm

€m¢93 kieduce. femy + frecre o+

(a) Water frozen to form the block of ice. The block is cooled to a
temperature of —7.5 °C. The block is then sealed in the waterproof bag.

Determine the energy transferred to @ e ice block and reduce its temperature
to -7.5°C.

density of ice = 920kgm "

specific latent heat of fusion of water = 3.4 x 10° Jkg™'
specific heat capacity of ice = 2100Jkg 'K
capacity of ic

()

mass o = densi g xvolume volume = Ly K

Energy transferred = l'gqﬂﬂorj
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This response sets out the solution clearly. A correct answer with units is obtained and so
the response scores all 5 marks.

42
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16 A food delivery company uses ice packs to keep food cold during delivery. Each ice
pack consists of a block of ice in a waterproof bag.

Each block of ice is initially rectangular, as shown.

(a) Water at 0.0°C is frozen to form the block of ice. The block is cooled to a
temperature of —7.5°C. The block is then sealed in the waterproof bag.

Determine the energy transferred to form the ice block and reduce its temperature
to -7.5°C.

density of ice = 920kgm™
specific latent heat of fusion of water = 3.4 x 10°Jkg™'
specific heat capacity of ice = 2100 kg K’

(5)
-3
\= L L S NG

..................................... | OO‘um

.................. E._csmuoux(qs)_,.bm“m&;

........................................................................................................ T L L T T T T T T T T e R P TP P TIPS TR PYP
.......................................................................................................................................................................................................................................
.......................................................................................................................................................................................................................................
.......................................................................................................................................................................................................................................
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The final answer is correct with units and so this response scores full marks. Note that a
number of steps are combined together in this response. This isn't a problem if the final
answer is correct, but if an arithmetic error occurs, then it may be that some process marks
would not be awarded if clear "use of" equations is not seen.

< ResultsPlus
<

Examiner Tip

In an extended calculation, show all the steps in your working.
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16 A food delivery company uses ice packs to keep food cold during delivery. Each ice
pack consists of a block of ice in a waterproof bag.

Each block of ice is initially rectangular, as shown.

15.0cm

(a) Water at 0.0°C is frozen to form the block of ice. The block is cooled to a
temperature of =7.5 °C._The block is then sealed in the waterproof bag.

Determine the energy transferred to form the ice block and reduce its temperature
AE= LA™

density of ice = 920kgm™ AE> mAT
specific latent heat of fusion of water = 3.4 x 10°Jkg'

specific heat capacity of ice = 2100J kg™ K’

to -7.5°C.
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All the steps in the calculation are carried out correctly apart from the last step in which
energies are combined. This response scores all 4 process marks, but does not gain MP5.

o \-
e

\V':: \ ResultsPlus
\

| Examiner Tip

Write an energy balance equation to keep track of energy transfers.
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Question 16(b)

Surprisingly, there were quite a few incorrect responses on this question, giving the item a mean
mark of 1. A significant number of candidates forgot the rule that energy transfer is from hot to
cold, seeming to think that either the ice was using its own energy to melt, or that energy was

given to the surroundings by the ice.

(b) The website of the delivery company includes the following statement.

If the ice has melted by the time you receive your delivery, this

means that energy Em the ice has been used to keep the food cold.

Explain why the statement made by the company is not correct.

ewz% /'/?)fw/é; M L1Ce. &?Mﬁ%m%

gy«-(/t?wcl&js 0\{4. 44 }'l& - M#Lp ........... / M .Dl
CJ M (e .. %"h- e -4/‘5{(‘// To medt. ite. M,vﬂhfw

2

e o
_________ S Nk;ﬁ‘ W ‘W’f‘a. Soarce .. %v%«

(Total for Question 16 = 7 marks)

Mg/%m ‘vth?ﬁ&' Comay, %;Swmmn&).ﬁ:m

v

(s foke, ;, by ice wet e, ol
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Examiner Comments

This response demonstrates a correct understanding of the energy transfers occurring as
the ice melts. It scores 2 marks.

(b) The website of the delivery company includes the following statement.

If the ice has melted by the time you receive your delivery, this -
means that energy from the ice has been used to keep the food cold.

Explain why the statement made by the company is not correct.
(2)

l‘“l}tsmmgosmsnmuy,

...... Whymﬂ%bwﬁu vea
59 e Don i Y @ARTS . fOE€5. he PE ot
.......... PO et e
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Examiner Comments

This response is typical of those candidates who thought that the statement in the question
was correct and the ice supplies energy to keep the food cold. The response scored zero.

(b) The website of the delivery company includes the following statement.

If the ice has melted by the time you receive your delivery, this
means that energy from the ice has been used to keep the food cold.

Explain why the statement made by the company is not correct.
2)

=.The temperalire of ibe sunounding is gredler thar be

Lemperalure of Jhe ice block

* Therelore dhermal . energy is dransiered from dhe sumounding
Ao Jbe ice block zme ;#hispiovides 1be lateot heat

ok melting and Jhe ice mels

s The slalemend  is incotfeCy .
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Examiner Comments

The key features of the energy transfer processes are described clearly in this response, with
correct use of technical language.

(b) The website of the delivery company includes the following statement.

If the ice has melted by the time you receive your delivery, this
means that energy from the ice has been used to keep the food cold.

Explain why the statement made by the company is mot correct.
2)

.......... e Slaterent & tacomect  Yecuvse  the
____________ (I  Rowm te e s uced o beealc
intemolacdlor foce between  paddices o
.................. de k2 mels 8t adwiwe. dermal
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There are some correct ideas in this response, but they are applied incorrectly to the
situation and so no credit is given.
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Question 17(a)

Only a minority of wrong answers were seen, with three quarters of the responses scoring full
marks. The equation for the volume of a sphere caused the most problems, as it was clear that
some candidates had not learnt this.
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17 The Gaia globe is a three-dimensional model of the Earth, as shown. The inflated globe
is suspended from above and is able to rotate.

The globe is filled with nitrogen gas. When fully inflated the globe has a radius
of 3.50m.

(a) Calculate the mass of nitrogen gas needed to exert a pressure of 1.12 x 10° Pa inside
the globe, at a temperature of 22.0°C.

mass of a nitrogen molecule = 4.67 x 10 kg
(5)

o PLENET ey

CWRAF R SN 68

I L 1 L

Mass of nitrogen gas = 2'30'7’@
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This response sets out the solution clearly and succinctly. The response scored all 5 marks.

54
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17 The Gaia globe is a three-dimensional model of the Earth, as shown. The inflated globe
is suspended from above and is able to rotate.

The globe is filled with nitrogen gas. When fully inflated the globe has a radius
of 3.50m.

(a) Calculate the mass of nitrogen gas needed to exert a pressure of 1.12 x 10° Pa inside
the globe, at a temperature of 22.0°C.

mass of a nitrogen molecule = 4.67 x 10™°kg
)

(5
28 (2242)
Nz 6 LR xw0* b )1%xio?txY - b6Fxp®.

Mass of nitrogen gas = 2/8'.3%5
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In this response the radius has been halved before being substituted into the expression for
the volume. This was seen in a number of scripts and possibly indicates that some
candidates were reading the question too quickly and assuming that they had been
provided with a value for the diameter. This response scores 3 marks for MP2, MP3 and
MP4.

ResultsPlus
<\

Examiner Tip

Read the information given in the question carefully before starting to substitute into
equations.

56
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17 The Gaia globe is a three-dimensional model of the Earth, as shown. The inflated globe
is suspended from above and is able to rotate.

The globe is filled with nitrogen gas. When fully inflated the globe has a radius
of 3.50m,

(a) Calculate the mass of nitrogen gas needed to exert a pressure of 1.12 x 10°Pa inside
the globe, at a temperature of 22.0°C.

mass of a nitrogen molecule = 4.67 x 10”°kg

Bt

N Toere B 0. 4,46 2900*” ey ol mbeesn

GGk 4™ Y BT

Mass of nitrogen gas = q"”fq.lf;j
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The first error in this response is the use of an incorrect expression for the volume of a
sphere. In general the vast majority of responses did attempt a substitution into a correct
expression for the volume in this series. A second problem with the response is the failure
to convert the temperature from Celsius into Kelvin. The response scored 2 marks for MP2
and MP4.

ResultsPlus
<\

Examiner Tip

Mathematical expressions for area, volume, etc, are not provided for this examination and
so these need to be learnt.
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Question 17(b)

The vast majority of candidates were able to use the angular velocity expression, with 90% of
responses scoring full marks.

(b) The globe rotates with an angular velocity of 2.76 x 10 rads™".

Calculate the time taken for the globe to make one complete rotation.

(2)

P4 Zh z ™
Wq—ﬂ o | T gz'-'_-r—‘;r}», . :237,5& N

Time taken for one rotation = . .Z.Z-Ir..l?.s.&-......_. e
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Examiner Comments

This response scored both marks. The answer is given to 5 significant figures, but that is not
a problem for a calculation carried out in a theoretical context.

o/
(b) The globe rotates with an angular velocity of 2.76 x 10 rads™'.

—_—

Calculate the time taken for the globe to make one complete rotation.

(2)
B
................. T . TAA2,6S Jecwr
............................. P S
- Time taken for one rotation = .. A4 ?Jf""""}-l .........
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This response scored 2 marks. The substitution on values into the equation is not shown,
but the answer is correct with units and so both MPs are met.
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Question 17(c)

Most responses gained the ‘use of’ the equation mark, but arithmetic errors meant that only
three quarters of the responses seen gained both marks. Common reasons for not scoring MP2
included forgetting to square r when inputting numbers into the calculator, using the wrong value

for r, omitting units or getting a power of 10 error.

(c) A solid sphere has the same diameter as the Gaia globe.

Calculate the mass of the sphere that would give a value of g, at its surface,

of 9.8Nkg ™.
(2)

(qa_)(, r)"rj ?”P ,onk\_?
ey N

P
Mass of sphere = '{Jaw.b
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Examiner Comments

This response scored both marks. The value substituted for g is 9.8 N kg -1, which is fine.
The value given in the data list is 9.81 N kg -1. A value of 10 N kg -1 would not score MP1.

T
/’_.---\. \
- AN

\

\

Q ResultsPlus

Examiner Tip

Be sure to use the values for data that are supplied in the data list provided with the
question paper.

(c) A solid sphere has the same diameter as the Gaia globe.

Calculate the mass of the sphere that would give a value of g, at its surface,
of 9.8 Nkg ™.

(2)
............................................................. 9 —
.......................................................................... 6 G-J_xfo"ll D 3 s e
_______________________________________________________ r= .= 1335—
W
Mass of sphere = 5““"0 ........ l‘:ﬁ ........
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This response has rearranged the field strength equation correctly, but omitted the square
root when values are substituted. Hence MP1 is not given. The answer is wrong and so MP2
is not given either. The response scored zero.

Py
Ay

W4\ ResultsPlus
\-‘

| Examiner Tip

The "use of" mark is awarded when appropriate values are substituted into a correct
physical equation. Rearranging an equation does not count as "use of".

(c) A solid sphere has the same @ffametgr as the Gaia globe.

Calculate the mass of the sphere thal would give a value of g, at 1ts surface,
of 9.8Nkg™. -

6673‘ =l (2)
9.8= - ‘3;{; M M= IQxZO‘ZR

= 1.9x%] 0. 3

Mass of sphere = 1‘8)‘/9!1—%
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For some reason the final answer has been given in g rather than kg in this response. The
value is correct in these units (and the correct answer in kg is also given) so the response
scored both marks.

!
s

lf: \ ResultsPlus
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| Examiner Tip

Do not convert values into alternative units unless the question requires this.
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Question 18(a)

This was well answered, with two thirds of responses gaining full marks. The Sun was usually
marked within the accepted region, although some showed it randomly elsewhere on the main
sequence. S ome candidates drew lines from 6000 K and 1 to locate the Sun accurately without
issue. The evolution red giant to white dwarf was usually clearly shown, although in some
responses the position of the Sun was incorrectly shown as moving up the main sequence before
moving across to the red giant region.

18 The Hertzsprung-Russell diagram shows the relationship between the luminosity and the
surface temperature of a range of stars.

106_

. l. :.' . * . o ' "
104— .. I' .
107

Luminosity/L,,

102 - Qﬁ‘“\%
9,

10 T T T
24000 12000 6000 3000

Surface temperature/K
(a) The Sun is a main sequence star.

(i) Label the position of the Sun on the diagram with the letter S.
(1)

(ii) In the final stages of the Sun’s evolution, it will become a white dwarf star,

Draw on the diagram a possible path of the Sun as it evolves to a white
ibsitded s

dwarf star.
(2)
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Examiner Comments

This response shows the Sun in a correct position, with the subsequent evolutionary path
also correct and so full marks are scored for both parts of the question.

18 The Hertzsprung-Russell diagram shows the relationship between the luminosity and the
surface temperature of a range of stars.

10°
o . :-. . : PR
10* St
107 -
Luminosity /L
1 - — —— —
102 - '
10+ T T T
24000 12000 6000 3000

Surface temperature /K

The Sun is a main sequence star.

(i) Label the position of the Sun on the diagram with the letter S.

(1)
(ii) In the final stages of the Sun’s evolution, it will become a white dwarf star,
Draw on the diagram a possible path of the Sun as it evolves to a white
dwarf star.
(2)
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This response scores full marks for each part. A variety of paths were shown for the
evolutionary path as the Sun evolves. The key feature of a correct path would be that it
starts on the main sequence and ends in the red giant region for the evolution to a red
giant, and that it starts on the red giant region and ends on the white dwarf region for the
final stage of its evolution. Note that any variation added to the path, such as the position
moving up or down the main sequence before moving to the red giant region, would mean
that the mark would not be awarded.

18 The Hertzsprung-Russell diagram shows the relationship between the luminosity and the
surface temperature of a range of stars.

106_
e :' ’ ' * ' .. . v
.
104 St
]02 -
Luminosity /L,
1 -
102 - ‘
1'0"l T I I
24000 12000 6000 3000

Surface temperature/K

(a) The Sun is a main sequence star.

(i) Label the position of the Sun on the diagram with the letter S.
(1

(ii) In the final stages of the Sun’s evolution, it will become a white dwarf star.

Draw on the diagram a possible path of the Sun as it evolves to a white
dwarf star.
(2)
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Examiner Comments
The Sun is in the wrong position, so (i) scores zero. The path of the Sun as it evolves to a

white dwarf is fine and (ii) scores 2 marks.

18 The Hertzsprung-Russell diagram shows the relationship between the luminosity and the
surface temperature of a range of stars.

10°
e l. :-. . ¢ ‘ : . .
10" l' .c .
- ™ .
. .
10%
Luminosity /L,
l—
102 )
104 T
24000 12000

Surface temperature /K

(a) The Sun is a main sequence star.

(i) Label the position of the Sun on the diagram with the letter S.

(1)
(ii) In the final stages of the Sun’s evolution, it will become a white dwarf star.
Draw on the diagram a possible path of the Sun as it evolves to a white
dwarf star.
(2)
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The Sun is marked in a correct position, so (i) scores 1 mark. The evolutionary path indicates
that the Sun would move down the main sequence before becoming a red giant. This is
incorrect. The path from red giant to white dwarf is correct and so (ii) scores 1 mark.
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Question 18(b)

Although the mean mark for this question was only 2, some excellent responses were seen, and
most candidates who knew the sequence were able to score marks.

Many candidates correctly mentioned the fusion of hydrogen but often neglected to specify that
this process occurs in the core of the star. While most noted that hydrogen runs out, few
explained that the fusion rate decreases or stops as a result. Some candidates incorrectly stated
that the entire Sun collapses rather than the core. There were also misconceptions about helium
fusion. Several candidates said the temperature was high enough for helium fusion without
mentioning that the temperature rises first, or they incorrectly claimed that helium fusion causes
the temperature to rise. The majority correctly stated that the Sun expands into a red giant, but
many did not explain that once helium fusion ceases, the core contracts into a white dwarf.

IC1 and IC4 were most frequently seen in responses. Many responses included detailed
descriptions of the energy changes, gravitational forces but missed the point of the question.

IC1 was usually seen.

IC2 was usually only partly seen as most said either hydrogen ran out or fusion ceased but not
both.

IC3 was not often see, as most responses stated that the Sun contracted but did not specify the
core.

IC4 scored occasionally, although was normally as a part of more detailed information about
density and pressure. References to the temperature being high enough for fusion often omitted
that the temperature was rising at this point.

IC5 was usually seen.

IC6 was usually only partly seen as references to fusion ceasing or core/star collapsing were
omitted.
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*(b) Describe the stages in the evolution of the Sun from a main sequence star to a white
dwarf star.

(6)
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Examiner Comments

This response is clearly expressed and includes all the necessary detail. All IC points are
seen, giving 4 content marks. Ideas are linked together logically, giving 2 linkage marks.
Response scores 6 marks in total.

-~

Q ResultsPlus

Examiner Tip

Plan your response to an extended open response question so that you are clear which
points you are going to make before you start writing your response.

*(b) Describe the stages in the evolution of the Sun from a main sequence star to a white
dwarf star.

(6)

dn the main  gegueace Sun ndhe core
hydrogen  Fussion  Hahes place  so  at Ahe
point bhodvege fussien comes to end i cortreacts
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This response includes the necessary stages of evolution, but lacks essential detail in places.
There is reference to hydrogen fusion coming to an end but without the statement that
hydrogen has been used up, so not IC2. Rather than the temperature rising to a point where
helium fusion can start there is reference to "sufficient energy", so not IC4. Rather than
expanding into a red giant the "Sun becomes a red giant", so not IC5. The response has 3 IC
points, so 2 marks for content. There is reasonable linkage of ideas, so 1 linkage mark. This
gives a total of 3 marks for this response.

A ResultsPlus
\ Examiner Tip

Make sure that sufficient detail is included, and use technical vocabulary where appropriate.
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Question 18(c)

About half of the responses seen scored zero, with only a proportion of candidates stating that
there is a higher core temperature in massive stars.

This may indicate that many candidates are unaware of the variation in the mass of stars on the
main sequence.

However, many candidates correctly stated that massive stars have a greater rate of fusion for
MP2.

(¢) Explain why the Sun will stay on the main sequence for a much greater time than
the most massive main sequence stars.

nos) @)
'The.,\msmm main 5€1thﬂb Shors. . }\'W €. .o }\ A

9m¢/ﬂ°\ﬂ°ha\\{‘om,hmm‘ﬁﬂkﬂ hove. .. h h a(enS[
b The core, ond the Yole  of  fusen. . Ts.. }l j}' Sa.. ﬂ\y
B prdaces hi her femperatre. and  luminos it j ond

kum. howe. o SJ’DVTer ain sepen. Sl IT‘&S}OMM@

CDMPD\I"eo\ 15 lﬂw Mass STO\V‘S |Ike_(Total for Question 18 = 11 marks)
Sun.
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This response almost scores full marks. The ideas are a little jumbled, but the idea of a
higher temperature in massive main sequence stars is included for MP1. MP2 requires the
rate of fusion to be higher in these stars than in the Sun, but in this response the rate of
fusion is simply "high". For this reason MP2 is not awarded, and the response scores 1 mark.

(c) Explain why the Sun will stay on the main sequence for a much greater time than
the most massive main sequence stars.

(2)
lower ) )
Beamm-mg Iunbmﬁmw'fhmﬂf.mmmmmamseqmm

..Star ﬁcqm#bﬂﬁlfm;&[uw‘ﬁnhnpumawmrshmr .
S0 the orte  OF fusion.. wf“bcafom.-qﬂdhﬂnjnnmmum
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This response gives the converse argument, that the lower temperature and rate of fusion in
the Sun means that it stays on the main sequence for a longer time. This is correct
alternative physics for this situation and scores both marks.

(c) Explain why the Sun will stay on the main sequence for a much greater time than
the most massive main sequence stars.

More wessve Sow o\ comae quicies e oproo
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There is no reference to temperature in this response, so MP1 is not met. However, the
statement that hydrogen will fuse at a higher rate in the more massive stars is good for

MP2.

(c) Explain why the Sun will stay on the main sequence for a much greater time than

the most massive main sequence stars.
(2)

Tae Sun Nas o Wi move nydiogem vewmoaiwwna al

will inoveone re hme taktes o exhawnt all in
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This response states that the temperature is lower in the Sun, and so MP1 is met. MP2 is not
given, as the response gives a commonly seen incorrect idea, that there is more hydrogen in
the Sun to fuse. The response scores 1 mark.
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Question 19

(a)(i) was generally well answered. Although a common mistake was to substitute frequency
instead of wavelength into Wien's law. As this was a ‘show that’ question, some working is
expected for the calculation even if full substitutions are not given. In addition, the units are
required for MP3 to be awarded.

(a)(ii) This was generally well answered, although some candidates did not fully understand the
relationship between average kinetic energy and the absolute temperature.

(b) In most responses a value for the intensity was calculated correctly. However, a common
mistake included using the wrong formula, such as calculating the volume or the area of a circle
instead of the surface area of a sphere. Another error was to make an incorrect substitution of
the distance in the relevant formulas. For MP5 to be awarded a comparison of values had to be
included in the calculation.

19 Tau Ceti is a main sequence star sifpilar to the Sun/ Several planets orbit Tau Ceti.

(a) (i) The spectrum of electromagnetic radiation emitted by Tau Ceti has a maximum
intensity at a frequency of 5.50 x 10" Hz.

Show that the surface temperature of Tau Ceti is about 5300 K.
(3)

(’_5.g><|c,"">m

S\wax T: QSQJFV'O%—*T‘j————'—_l“‘hT:S SISl
2.¢9

_—

(ii) Calculate the average kinetic energy of gas atoms at the surface of Tau Ceti.
2)

2 e
21097 Xl

19
Average kinetic energy of gas atoms = HOX"Q:)
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(b) Aita is a planet in orbit around Tau Ceti.
i receives the same intensity of light from Tau Ceti as

radius of Tau Ceti = 5.52 x 10°m
; distance between Aita and Tau Ceti = 8.05 x 10"'m
| intensity of light received at the surface of Aita = 1360 Wm™
®)

4
s AT (AT V(5 6 1ei0? YERLD)

"‘1_: B & P, S & ..
e 1 = Swg9oshgn inaccurate

(uv‘l—t"l«wﬁ‘\"b s lower Aw to olueh

(Total for Question 19 = 10 marks)
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Examiner Comments

The responses to (a)(i) and (a)(ii) are as per the mark scheme and so score full marks. The
temperature is given to 4 significant figures (this is a 'show that' question, and so at least 3
significant figures are required - one more than the value given in the question). The unit is
given for the temperature, although this is not necessary in a 'show that' question. The
response to (b) uses a method not commonly seen - the surface temperature of the star is
calculated and compared with the value given in the question. This is a valid method, and all
5 marks are scored. Note that the reasons given for the difference is not required by the
guestion and so this can be ignored in the response.

\ Examiner Tip

In a 'show that' question, the answer must be calculated to one more significant figure than
the value given in the question.

82
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19 Tau Ceti is a main sequence star similar to the Sun. Several planets orbit Tau Ceti.
(a) (i) The spectrum of ic radiation emitted by Tau Ceti has a maximum
intensity ataﬁ'eqlmcyofs.sox 10" Hz.
Showtbntthesurﬁcﬂempuﬁn’eofTwCeﬁisabomﬁOOK

o N - 3

-3
T- 2.-%4¢§ %0

a3oxet A

»

s xto‘“

As eTRME susm -

2 PRV B0

(ii) Calculate the average kinetic energy of gas atoms at the surface of Tau Ceti.

2)

¢ uxlo"}@sn) R lxto 1

-
b

Hlu P‘”

TSI PO N T,

Average kinetic energy of gas atoms = "’“6“3
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ol
(b) Aita is a planet in orbit around Tau Ceti. ®

A scientist suggests that Aita receives the same intensity of light from Tau Ceti as
the Earth receives from the Sun.

Evaluate the accuracy of this suggestion.

radius of Tau Ceti = 5.52 x 10°m
distance between Aita and Tau Ceti = 8.05 x 10'°m
intensity of light received at the surface of Aita = 1360 Wm™

1.0 xiot

............................... [TTT TP STPNTITPIN BTN ey rps T e et peesd R T e T T T TP TP TIPS

5.67X10" % 4r(s.smct)

¥ Pita receives the same lo1ensity oF 1ighy (oM TauCeti as We Earth
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Examiner Comments

Both parts of (a) score full marks. The response to (b) attempts to make a comparison of
temperatures. The value calculated for the surface temperature of Tau Ceti is correct.
However, instead of comparing this with the value given in the question the comparison
with the surface temperature of the Sun is made. This is invalid on two counts. Firstly, the
distance from star to planet are different for each case, and so a comparison of
temperatures of the two stars is not valid. Secondly, the surface temperature of the Sun is
not given in the question. The comparison must be made between values provided. The
response scores the first 4 marking points.

\ Examiner Tip

In an 'evaluate' question you should make a comparison in your conclusion between two
values given or derived from data in the question.
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19 Tau Ceti is a main sequence star similar to the Sun. Several planets orbit Tau Ceti.

(a) (i) The spectrum of electromagnetic radiation emitted by Tau Ceti has a maximum
_intensity at a frequency of 5. SOXIO"HL ,

ShowthatthesurfwetemperatureoanuCeﬂ:sabmﬂSSOOK.

T 29818 xp? e
o g-z‘i%xw} o V'fq s
S 4% XIP o : :_' T 5-5 x;i“‘

amk R

(i) Calculmmemgckineﬁccﬂergyofgasﬁmmktthe surfice of Tau Ceti. -

U e

5' - 9/,""7'
.......................... :;9 . X ] 38X I’
............. A D‘HQ

:_"‘“lixu "l%

- Average kinetic energy of gas atoms = ..IT0.% 00 . S

s

'”x 5313
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(b) Aita is a planet in orbit around Tau Ceti.

A scientist suggests that Aita receives the same intensity of light from Tau Ceti as
the Earth receives from the Sun.

Evaluate the accuracy of this suggestion.

radius of Tau Ceti = 5.52 x 10°'m
distance between Aita and Tau Ceti = 8.05 x 10”m
intensity of light received at the surfaee-of-Atta= 1360 Wm™

eavi» from the Sun (5)
L ‘ -
................ F‘*T‘L=6A'Tq:_1
R - sovnir S ory 3
........ g IR

T v(;::ﬁam";-os u-'?” x(s310) ¥
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Examiner Comments

The responses to (a)(i) and (a)(ii) are correct and score full marks. There is an arithmetic
error in (b) and so MP4 is not given. However, the calculated value is compared with an
appropriate value given in the question and a conclusion made and so MP5 is awarded.
Hence (b) scores 4 marks.

Examiner Tip

Check calculations carefully for arithmetic errors.

19 Tau Ceti is a main sequence star similar to the Sun, Several planets orbit Tau Ceti.

(a) (i) The spectrum of electromagnetic radiation emitted by Tau Ceti has a maximum
intensity at a frequency of 5.50 x 10" Hz.

Show that the surface temperature of Tau Ceti is about 5300 K.

2o BAS QY™

B0 B N N S
....... TSI QPN 2V (G T B O > 1 U B

=\
Average kinetic energy of gas atoms = l,\\/\{hqj
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(b) Aita is a planet in orbit around Tau Ceti.

A scientist suggests that Aita receives the same intensity of light from Tau Ceti as
the Earth receives from the Sun.

Evaluate the accuracy of this suggestion.

radius of Tau Ceti = 5.52 x 10°'m
distance between Aita and Tau Ceti = 8.05 x 10""m
intensity of light received at-the-surface-of Aita = 1360 Wm™
ok Th oo e Brovn R 30N 5)

...................................................................................................................................................................................................................................................
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[ G " & - 3E  Uoh s W

AR AR AR KR AR AANIN RO Rl R
BN O TN =S = S E U X W o (o M +10 6 o U VAU <8 T RV, NN o= (N W

Int Advanced Level Physics WPH15 01

89



N
\( { ResultsPlus

Examiner Comments

This response scores full marks for each part. Note that in (a)(i) the steps in the solution are
a little unclear. However, the steps can be seen, and the calculated value is correct and to an
appropriate number of significant figures, so all marks are awarded.

4  ResultsPlus
\

Examiner Tip

In a 'show that' question the method of working must be seen, so show the steps in your
method clearly.

920
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Question 20(a)

Most candidates knew the nucleon number and proton number of an alpha particle and could
balance both the top and the bottom lines of the nuclear equation. About 90% of responses seen
scored both marks.
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Question 20(b)

(i) This question was generally well answered. The correct values were used in most responses,
but a common mistake was to calculate the mass difference incorrectly, which led to errors in the
final answer.

Some candidates tried to scale the masses of the nucleons up to the entire nucleus using nucleon
numbers, or did not quote the final answer to enough significant figures.

As this was a ‘show that’ question, some working is expected for the calculation even if full
substitutions are not given. In addition, the units are required for MP3 to be awarded.

(ii) Candidates struggled with this question as many had no real understanding of the relationship
between power and energy/activity as presented in this question. Most managed to find a decay
constant or a number of atoms but it was clear they didn't understand why. Nearly all followed
with some attempt to use these numbers, typically in the exponential equation, which resulted in
them arriving back at the same number. The final solution, realising that the activity needed to be
calculated and used to find the power output, was only seen in the very best responses. The main
challenge was in making the connection between activity and power, which prevented candidates
from reaching the correct final answer.

(iii) Many candidates did not use the correct formula to calculate the power, which led to incorrect
answers.
(b) The space probe was powered by the energy released in the decay of plutonium-238.

(i) Show that the energy released in the decay of one nucleus of plutonium-238 is
about 5,7MeV.

mass of plutonium nucleus = 3.9516 x 10 kg
mass of uranium nucleus = 3.8851 x 10 kg
mass of alpha particle = 6.6399 x 10" kg

L E=ame® 7Mmmmmwmmmmm
i xe b u‘i‘(w x4 = otprrtda

E" E]l b !
il 1] \

388500 b b‘ﬁ?ﬂ PT= 34500 ka
e leo %g X L;xlo )z
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(ii) When the space probe was launched, the decay of plutonium-238 produced a
power of 550W.

A website states that there was 1.00kg of plutonium-238 when the space probe
was launched.

Deduce whether the website statement is accurate.

number of atoms in 0.238 kg of plutonium = 6.00 x 10%
half-life of plutonium-238 = 87.7 years
1 year =3.15x 10"s

(5
tage 81 Teasxes 2 Joxi0'e  BEL e TxobronatT g s

e
................... Mo b PR s e TR
— = 2.b6lx0° s =Lk xigts

................................................................. }_)J_nxl.o-minx"bbtlnml‘r;

N= boixlo* x ¢
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...................................................................................................................................................................................................................................................

(iii) The space probe took 74 months to travel to Jupiter.

Calculate the _EEE# when the space probe arrived at Jupiter, due to the
decay of plutonium-238.
1 month = 2.63 x 10°s

&)

]
w
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/'--.. Examiner Comments

In the response to (b)(i) the mass difference is calculated incorrectly. In common with many
responses seen, the masses provided in the question are multiplied by nucleon numbers.
However, there is use of the Einstein equation to calculate an energy, so MP2 can be given.
There is no evidence of a conversion from J to eV and the final answer is incorrect, so the
response scores 1 mark. In the response to (b)(ii) the decay constant is calculated correctly,
but this is used with the exponential decay equation rather than the activity equation. This
error was seen in a number of responses to this question. The response to (b)(ii) scores 1
mark. For (b)(iii) there is a conversion from months to seconds but nothing else, and so this
scores zero.

(b) The space probe was powered by the energy released in the decay of plutonium-238.
/'__-*_-‘__-'_-"""———'———-_--"‘"-—
(i) Show that the energy released in the decay of one nucleus of plutonium-238 is
about 5.7 MeV.

mass of plutonium nucleus = 3.9516 x 10 kg
mass of uranium nucleus = 3.8851 x 10 kg
mass of alpha particle = 6.6399 x 10" kg
)
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(i) When the space probe was launched, the decay of plutonium-238 produced a
power of 550 W. ~> §503/sec

A website states that there was 1.00kg of plutonium-238 when the space probe
was launched.

Deduce whether the website statement is accurate.

number of atoms in 0.238 kg of plutonium = 6.00 x 10™
half-life of plutonium-238 = 87.7 years
1 year = 3.15x 10s

A Jn1 N
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(iii) The space probe took 74 months to travel to Jupiter.

Calculate the power produced when the space probe arrived at Jupiter, due to the
decay of plutonium-238.

1 month = 2.63 x 10°s
2)

............................................... SCrod in TE mabhe. s TEX D L3016 = (416Kt o

= ML&KIQBXS?‘“H&

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

Power produced = . [l R X"

96 Int Advanced Level Physics WPH15 01



a\ o
ResultsPlus

Examiner Comments

The response to (b)(i) and (b)(ii) are correct and so score full marks. In (b)(iii) the number of
seconds in 74 months is calculated, but this needs to be used in the exponential equation
with the value of the decay constant calculated in (ii). In common with many responses seen,
this was not understood. Hence (b)(iii) scored zero.

P
/".-- = '-

\ \ ResultsPlus

Examiner Tip

In linked parts to a question, values calculated in one part may be needed for use in
subsequent parts.

(b) The space probe was powered by the energy released in the decay of plutonium-238,

(i) Show that the energy released in the decay of one nucleus of plutonium-238 is
about 5.7 MeV.

mass of plutonium nucleus = 3.9516 x 10’ kg
mass of uranium nucleus = 3.8851 x 10*°kg
mass of alpha particle = 6.6399 x 10" kg
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(ii) When the space probe was launched, the decay of plutonium-238 produced a
power of 550 W.

A website states that there was 1.00kg of plutonium-238 when the space probe
was launched.

Deduce whether the website statement is accurate.
number of atoms in 0.238 kg of plutonium = 6.00 x 10*
half-life of plutonium-238 = 87.7 years
1 year=3.15x10"s
(5)
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(iii) The space probe took 74'months to travel to Jupiter.

Calculate the power produced when the space probe arrived at Jupiter, due to the
decay of plutonium-238.

- ¢ ~Inl

1 th=2.63 %10

mon s o ){ 7].’
Q/

(2)

Power produced = 52-Ll
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Examiner Comments

Responses to each part of this question are correct and so the response gains full marks.
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Question 20(c)

(c) Responses to this question were generally poor, with about three quarters of the responses
seen scoring zero. While there was a small number of good responses that gained full marks, the
majority of candidates failed to mention the inverse square law, which was essential to answering

the question correctly.

(c) Jupiter is much further away from the Sun than Mars is. A space probe to Mars was
powered by solar cells.

Suggest why solar cells were not suitable for a space probe travelling to Jupiter.
(2)

The Space prabe is traveling oway €rom the suh, Ligit obeys inverse
5quwave \aw g Sine Xhe probe need Ko go very fax dway F1om the up
“ it Wil vedeve very low Intendity oF lighk ank generate Insuéficiert power,
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Examiner Comments

This response scored 2 marks. There is a reference to the inverse square law for MP1, and
the reference to a very low intensity and insufficient power gives two ways of awarding MP2.

(c) Jupiter is much further away from the Sun than Mars is. A space probe to Mars was
powered by solar cells.

Suggest why solar cells were not suitable for a space probe travelling to Jupiter.

(2)

ﬂ&5r‘!€e—(ﬂl=¢wfﬂé¢t°°‘lq¢f%7"fmm&3m, ...... and the
diathe_emittd L th Sur onldit read tle sdor cells to produc
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/'--.t Examiner Comments

This response scored zero. There is no reference to the inverse square law and rather than
making it clear that the intensity of radiation would be too low the ambiguous statement
"radiation emitted by the Sun couldn’t reach the solar cells" is made.

Int Advanced Level Physics WPH15 01 103



Paper Summary

Based on their performance on this paper, candidates should:

+ Ensure they have a thorough knowledge of the physics for this unit.
* Read the question carefully and answer what is asked.
+ Formulate a response that is consistent with the command word used in the question.

* Be particularly careful to use appropriate scientific terminology in questions which ask for a
description or explanation.

* Include all substitutions and all stages in the working in ‘show that’ questions.
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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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