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Introduction

The examination was written to assess across the full range of grades from 1 to 9. Consequently,
some questions were written to be challenging whilst others were designed to be more
straightforward and accessible. A range of different question types were included in the
examination such as objective and multiple choice, calculations and both short and long written
responses. Approximately 20% of the marks available in the examination were for the candidates'
demonstration of experimental skills and understanding. Candidates were provided with a full list
of the formulae to be used in this examination. Successful candidates were well-acquainted with
the content of the specification and could recall facts whilst applying their understanding to new
and complex situations. They were competent in performing quantitative work and could
rearrange and substitute data into given formulae to obtain the correct answer. Successful
candidates also showed evidence of undertaking all the required practicals themselves and could
produce detailed, coherent methods whilst recalling the relevant results of these experiments.
Less successful candidates showed gaps in their knowledge of topics and either had limited
experience or could not recall information from the required practical tasks. These candidates
often did not address the demands of the question and overlooked the importance of the
command words being used.
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Question 1(a)(i)

Most candidates scored at least one mark in this question, usually for the reference to electrons
being transferred. Fewer candidates gave a suitable reason for the transfer by referencing the
force of friction or rubbing. The weakest candidates made reference to the transfer of positive
charge, which was not credited.
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Some questions must be answered with a cross in a box [&. If you change your mind about an
answer, put a line through the box £ and then mark your new answer with a cross X,

1 A flour mill is a factory where flour is produced.

The photograph shows some flour moving through metal channels in the flour mill,

flour

metal channels

(Source: © Retan/Shutterstock)

(a) The flour particles can become charged as they move through the
metal channels.

(i) Explain how the flour particles can become charged.

N,

<{ < ResultsPlus
/---. Examiner Comments

This response scored zero marks. The reference to the transfer of positive charge is
incorrect.

’“ lf ResultsPlus
\

) Examiner Tip

Candidates should know that only electrons are transferred in electrostatics.
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Some questions must be answered with a cross in a box . If you change your mind about an
answer, put a line through the box # and then mark your new answer with a cross .

1 A flour mill is a factory where flour is produced.

The photograph shows some flour moving through metal channels in the flour mill.

flour

metal channels

(Source: © Retan/Shutterstock)

(a) The flour particles can become charged as they move through the
metal channels.

(i) Explain how the flour particles can become charged.
(2)

N,

<{ < ResultsPlus
/---. Examiner Comments

This response scored one mark for the clear reference to the transfer of electrons. No
reason is given for this transfer so the second mark is not given.
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Some questions must be answered with a cross in a box [X. If you change your mind about an
answer, put a line through the box # and then mark your new answer with a cross [X.

1 Aflour millis a factory where flour is produced.

The photograph shows some flour moving through metal channels in the flour mill.

flour

metal channels

{Source: © Retan/Shutterstock)

(a) The flour particles can become charged as they move through the
metal channels.

(i) Explain how the flour particles can become charged.
(2)

.............................. flowr gerhcles  Can  gain ee cled@ns YomakRe .
Aegp-h‘&[j jagprloseelegkm;»&m\e@

ﬂ ResultsPlus
Examiner Comments

A comprehensive answer that was awarded full marks.
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Question 1(a)(ii)

Nearly half of all candidates were awarded both marks in this question. Common mistakes were
referring to the charges as "negative" or "positive" for the first word and referring to the forces as
"opposite" for the second word. Some candidates thought the forces between the charged object
were magnetic.

(ii) The charged flour particles move away from each other as they fall from the
end of each channel.

Complete the passage by writing a suitable word or words in each
blank space.

(2)
Flour particles move away from each other because they have
J-LE@O\-J\VE charges. This causes the flour particles
to exert VQPE\\W\UB forces on each other.

IN

) { ResultsPlus
/---. Examiner Comments

This response scored the second mark only. The reference to the objects being negative was
deemed insufficient since there was nothing in the question to arrive at this conclusion.

(i) The charged flour particles move away from each other as they fall from the
end of each channel,

Complete the passage by writing a suitable word or words in each

blank space.
(2)
Flour particles move away from each other because they have
e il charges. This causes the flour particles
to exert ... (EOWSVE.. ... forces on each other,

N

\( { ResultsPlus

b/'----. Examiner Comments

Both marks were awarded in this correct response.
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Question 1(b)

Many candidates scored the first marking point, but fewer scored the second marking point,
which required an understanding of sparks and earthing. Many reiterated the reduced chance of
explosions, which had already been referred to in the question. Teachers are encouraged to
revise the idea of earthing, using practical demonstrations where possible to clarify its purpose
and how charge is discharged safely.

(b) The dust created by producing flour in a flour mill is dangerous because the dust
is flammable. This creates a risk of an explosion.

Explain why connecting the metal channels to earth reduces the risk of an
explosion in a flour mill.
(2)

......... Th g,cbﬁrgeﬁ a0, Yhe Q—iovrpor{:msla ot breostered
___._____bhcn.gg.h _________ the. kel  checonels. ... a0 ok Hwo .

N
\( /i ResultsPlus

Examiner Comments

This response scored the first marking point. The description of earthing is valid, but this is
not linked to why the risk of an explosion is reduced.

‘f‘ \ ResultsPlus
<\

Examiner Tip

Candidates should pay attention to the command word used in each question. "Explain"
means they should give reasons to support the statement being made in the question.
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(b) The dust created by producing flour in a flour mill is dangerous because the dust
is flammable, This creates a risk of an explosion.

Explain why connecting the metal channels to earth reduces the risk of an
explosion in a flour mill.
(2)
A the metel w5 torthed jdhe electrons from
~the  Alowr will _flow into the ijOufM'!
%hfﬂughwew’ta’ﬁnolmtoJc%fgmwa’ﬂ"s
re’cbrﬁ’s{hfﬁiatffEJE:.’I:VMHE?]D*’CSF”&mf)’lf

“qunJlawf’Hchancfofqnc"af}?)ﬂ‘wn

a\ -
ResultsPlus

Examiner Comments

This response also scored one mark. This candidate has attempted to explain why the risk of
an explosion is reduced, but has just reiterated much of the information from the question.
The specific hazard of a spark is not included in the response.

(b) The dust created by producing flour in a flour mill is dangerous because the dust
is flammable. This creates a risk of an explosion.

Explain why connecting the metal channels to earth reduces the risk of an
explosion in a flour mill,

As o redlucRion  \n N

a\ -
ResultsPlus

Examiner Comments

This response scored both marks. The candidate correctly explains that the chance of a
spark is reduced as the objects will become discharged.
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Question 2(a)

Most candidates scored both marks in this question and the idea of isotopes was clearly well
understood. Mistakes were made when referring to the number of electrons being different or,
sometimes, confusing protons and neutrons. Other candidates were not awarded the first mark
as referring to atoms being of the same element was insufficient. Most candidates chose to
compare protons and neutrons, but a minority produced successful answers referring to the
atomic and mass numbers of the nuclei.

2 Uranium-239 is an isotope of the element uranium.

(a) State what is meant by the term isotopes.

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

This response scored the second mark only. References to the element being the same were
not credited.

‘f \ ResultsPlus
\

Examiner Tip

Candidates should revise commonly recalled definitions in preparation for examinations.

2 Uranium-239 is an isotope of the element uranium.

(a) State what is meant by the term isotopes.
(2)

0 topes. . lhawe . M@ . SuME ... protenS bt

N
\( /i ResultsPlus

Examiner Comments

This response scored the first mark only. The reference to the differing number of electrons
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is incorrect.

2 Uranium-239 is an isotope of the element uranium.

(a) State what is meant by the term isotopes.
(2)

Idcﬁop&sqxiqmu&aefmamdmfudh
Maammlgnumbw(smr\mevo@pmbm\
bk o differens . waoass  auuber (difevent  nuutbe

a\ o
ResultsPlus

Examiner Comments

This response scored full marks and gave both versions of the definition correctly.

A
g

- V 2 ResultsPlus
<D

| Examiner Tip

Candidates should be cautious when providing too much detail in their answers. If a
contradiction had been made then marks would have been withheld.

2 Uranium-239 is an isotope of the element uranium,

(a) State what is meant by the term isotopes.

ResultsPlus

Examiner Comments

This concise response was all that was needed to score both marks.

Int GCSE Physics 4PH1 2PR

1"



Question 2(b)(ii)

Surprisingly, nearly a quarter of all candidates answered this question incorrectly. Common
incorrect responses included alpha and beta.
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Question 2(c)(i)

Most candidates answered this half-life calculation competently and scored both marks. The
majority of other candidates did not know how to approach the calculation and scored zero.
However, some scored a single mark for performing a calculation leading to a value of 2 (half-
lives).
(¢) Uranium-239 is radioactive and decays by beta emission.
Uranium-239 has a half-life of 23 minutes.
(i) A sample of uranium-239 has an initial mass of 60g.

Calculate the mass of uranium-239 remaining after 46 minutes.

(2)
Q46 —
Pl
60 =
2 =3
mass = o Qg

\( / ResultsPlus

Examiner Comments

The outcome of this calculation is incorrect, but the first step in the working is sufficient to
award the first mark. However, it is then used incorrectly, showing a lack of understanding of
half-lives.
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(c) Uranium-239 is radioactive and decays by beta emission.

Uranium-239 has a half-life of 23 minutes.

(i) A sample of uranium-239 has an initial mass of 60g.

Calculate the mass of uranium-239 remaining after 46 minutes.

UG mio = 2 half lives
60 = 2= 2¢

30 -2 T 16

AN
ResultsPlus

Examiner Comments

(2)

This calculation is correct and scored both marks. The working is clear and easy to follow.

14
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Question 3(a)

Most candidates scored at least one mark in this question, with over a third of all candidates
securing both marks. The most commonly seen advantages were that tidal is renewable and
produced no greenhouse gases. However, vague references to pollution or toxic gases were
ignored. Some candidates referred to tidal taking up a lot of land, being expensive to build or
being noisy - all of these were ignored.

Int GCSE Physics 4PH1 2PR 15



3 The photograph shows the tidal power station across the estuary of the river Rance
in France,

(Source: © Francois BOIZOT/Shutterstock)

The diagram shows a simplified view of the tidal power station.

tidal barrier

turbine shaft

At high tide, water is trapped behind the tidal barrier.

At low tide, the trapped water is released through the turbine shaft.
This causes a turbine to spin, which generates electricity.

(a) Give two advantages of generating electricity using tidal power.

16 Int GCSE Physics 4PH1 2PR



N { ResultsPlus
/'--.. Examiner Comments

This response scored one mark for the first suggestion. The reference to cost was ignored.

P

k’: \ ResultsPlus
\

| Examiner Tip

Candidates should avoid referring to cost-related factors when describing
advantages/disadvantages of methods of generating electricity since these are rarely given
any credit.

Int GCSE Physics 4PH1 2PR
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3 The photograph shows the tidal power station across the estuary of the river Rance
in France.

(Source: © Francois BOIZOT/Shutterstock)
The diagram shows a simplified view of the tidal power station.

tidal barrier

turbine shaft

At high tide, water is trapped behind the tidal barrier.

At low tide, the trapped water is released through the turbine shaft.
This causes a turbine to spin, which generates electricity.

(a) Give two advantages of generating electricity using tidal power.

(2)
1 14 v & \r'«r\lhauc Sgwv(e G RALY 9N
2 ".\‘ FOlU\QL‘h e ]\-c,_-..,.’t PR R N
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N { ResultsPlus
/'--.. Examiner Comments

This response also scored one mark. It is a better response, but the second suggestion of
not producing toxic gases was deemed too vague to credit.

Int GCSE Physics 4PH1 2PR
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3 The photograph shows the tidal power station across the estuary of the river Rance
in France.

(Source: © Francois BOIZOT/Shutterstock)

The diagram shows a simplified view of the tidal power station.

tidal barrier

turbine shaft

At high tide, water is trapped behind the tidal barrier.

At low tide, the trapped water is released through the turbine shaft.
This causes a turbine to spin, which generates electricity.

(a) Give two advantages of generating electricity using tidal power.
(2)

1. Tder ore pledidmble
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ResultsPlus

Examiner Comments

e

This candidate has a good understanding of tidal power and scored both marks.

Int GCSE Physics 4PH1 2PR
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Question 3(b)

Candidates found describing the disadvantages of tidal power more challenging than describing
the advantages. It was clear from many of the responses that some candidates did not really
know what tidal power is and there was a clear confusion between tidal, wave and hydroelectric
power. Many responses were superficial and not justified, (unreliable, inefficient, expensive, ruins
environment, depends on geography), debatable (causes flooding, visual pollution) or irrelevant
(depends on waves). Popular scoring responses were habitat destruction and tides varying
output.

(b) Give two disadvantages of generating electricity using tidal power.

o Limted sugdle featens.

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

This response scored one mark. The statement relating to cost was ignored, but MP5 was
awarded for the second statement.

(b) Give two disadvantages of generating electricity using tidal power.
(2)

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

This response scored two marks for MP3 and MP5. The reference to it being expensive was
ignored, so did not prevent MP5 from being awarded.
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(b) Give two disadvantages of generating electricity using tidal power.
(2)

2 DG"\V"‘&B'&](OW&V;V‘C»"fﬂ-frﬂf"&l’ﬁ”)-l“
j‘ﬁﬂl]awv’“h—"

a\

ig ResultsPlus
Examiner Comments

This response also scored two marks for MP4 and MP1.

Int GCSE Physics 4PH1 2PR
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Question 3(c)

Most candidates scored full marks in these calculations, but Q03(c)(ii) proved more challenging
than QO03(c)(i) and some candidates did not know how to approach the non-standard calculation.
Surprisingly, some candidates lost marks for incorrectly converting the units of mass from
kilograms into grams. Other candidates did not appreciate that the units of power in Q03(c)ii)
needed to be converted from kilowatts to watts. Weaker candidates did not use g in their
calculations, which was usually treated as a physics error and awarded no marks.

24 Int GCSE Physics 4PH1 2PR



(c) At low tide, water flows through the turbine shaft.

As the height of the trapped water in the river decreases, water falls through a
height of 8.0m to reach the turbine shaft.

(i) Calculate the energy transferred from the gravitational store of the water
when 1.0kg of water flows through the turbine shaft. '

Use the formula

cl_jange in gravitational potential energy = mass x g x height L
x 1009 (2)

energy transferred = 8[),000 -

(i) The tidal power station has a maximum power output of 240000 kW when
water falls through a height of 8.0m,

Calculate the mass of water flowing through the turbine shaft in 1 second
when the power station is operating at maximum power, .

Assume the power station is 100% efficient.

= 1%850001 = 30,000° 000

"3 -

(3)

mass of water= ... 3(.) ........................ kg

Int GCSE Physics 4PH1 2PR
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\( / ResultsPlus
/'--.t Examiner Comments

This candidate scored one mark in Q03(c)(i) and no marks in Q03(c)(ii). The first calculation is
basically correct, but the incorrect conversion of mass from kilograms to grams resulted in a
one mark penalty. The approach in the second calculation shows incorrect physics and a
general lack of understanding.

ResultsPlus
<\

Examiner Tip

Although unusual, candidates should know that the kilogram (kg) is the standard unit of
mass and that values of mass used in calculations should be in kg.

26
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(c) Atlow tide, water flows through the turbine shaft.

As the height of the trapped water in the river decreases, water falls through a
height of 8.0 m to reach the turbine shaft.

(i) Calculate the energy transferred from the gravitational store of the water
when 1.0kg of water flows through the turbine shaft.

Use the formula

change in gravitational potential energy = mass x g x height

s GPE T mX3 XA 4

EDRRES
S P B

energy transferred = 528:"‘

(i) The tidal power station has a maximum power output of 240000 kW when
water falls through a height of 8.0m.

Calculate the mass of water flowing through the turbine shaft in 1 second
when the power station is operating at maximum power.

Assume the power station is 100% efficient.

(3)
ﬂv't r“i'
waeler = ——
rMaSS @ 'f & \‘H;)M‘
b - 290 qag
— TT—
fs
™<= 300e k 9
mass of water= 3999

Int GCSE Physics 4PH1 2PR
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N
\( { ResultsPlus

Examiner Comments

This candidate scored two marks in Q03(c)(i) and two marks in Q03(c)(ii). Both calculations
are basically correct, but the candidate has not converted the units of power from kilowatts
(kW) to watts (W) in QO3(c)ii).

A . ResultsPlus
)

Examiner Tip

Candidates should know that the standard unit of power is the watt (W). Candidates should
also know how to convert from non-standard units to standard units.

28
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(c) At low tide, water flows through the turbine shaft.

As the height of the trapped water in the river decreases, water falls through a
height of 8.0m to reach the turbine shaft.

(i) Calculate the energy transferred from the gravitational store of the water
when 1.0kg of water flows through the turbine shaft.

Use the formula

change in gravitational potential energy = mass x g x height

(2)
GPE = | x\0 w& =Ro

energy transferred = 801

(i) The tidal power station has a maximum power output of 240000kW when
water falls through a height of 8.0m.

Calculate the mass of water flowing through the turbine shaft in 1 second
when the power station is operating at maximum power.

Assume the power station is 100% efficient.
oo kW v 1g = 24ct00 e (3)

- 7-'-4—;&(.083'
2. L4xo® = O A E »xwa
2. 4% 108
lox ¥

= A= D000

mass of water= 3O0000Q kg

a\ -
ResultsPlus

Examiner Comments

This calculation is completely correct and was awarded full marks.
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Question 4(a)

Candidates showed a good understanding of the structure of the step-up transformer and most
candidates scored at least two marks. However, the quality of diagrams varied considerably —
well-drawn diagrams often scored all three marking points. Marks were most often lost for failing
to mention the iron core or for getting the turns ratio the wrong way round. Some candidates
went to great lengths to explain how the transformer worked, despite this not being a
requirement of the question.

4 This question is about transformers.

(a) Describe the structure of a step-up transformer.

You may draw a diagram to help your answer.
(3)

.-""F--:

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

This response scored one mark. It is clear that there are two coils, but the turns ratio is the
wrong way round.

A
e,

M4\ ResultsPlus
\_; Examiner Tip

Candidates should read the question carefully to ensure they describe the correct type of
transformer.
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4 This question is about transformers.
(a) Describe the structure of a step-up transformer.

You may draw a diagram to help your answer.
(3)

.................... Step  up Atgfocoer  vas  trore  doi (fun

Len. M S€concry.  (o\\ At L0y
LXE  NO\fCige e ased  On the  step v
Wawa&fm&

LU

a\ -
ResultsPlus

Examiner Comments

This response scored two marks. The structure of the transformer is correct, but the
inclusion of an iron core is missing.

//-' .\l
AT

\ \ ResultsPlus

Examiner Tip

Candidates should take advantage of opportunities to draw diagrams as marks can be
awarded from these in addition to the written response.
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4 This question is about transformers.
(a) Describe the structure of a step-up transformer.

You may draw a diagram to help your answer.
Ckt icon eofe (3)

At QN'?CV\)r -

. d
T lwn BN | N

NS thawb ed) |
Rimdy @il e coiled omund ene side of sebf @ ce:
Cote is ede of ia as it isa sk wagnehc wotesol wich
is @asily wegneh v csil- i ootted amund ot 8¢

41[’9&@({’.9&;@@050*[ L Waole bums i Conl

This is an excellent response, which scored full marks. The diagram is good enough that all
three marks can be awarded from it.
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Question 4(b)

Most candidates completed this calculation correctly. Common errors included selecting an
incorrect formula (despite a full formulae sheet being provided in the examination) and
experiencing difficulties rearranging the formula.

(b) A step-up transformer has an input voltage of 230V and an input current of 45 A.
The output current of the transformer is 0.21 A,

(i) State the formula linking input power and output power for a transformer that
is 100% efficient.

(1)

L 4 AT L\Sﬂ‘-ﬁ&ll C"‘E"BQ e - ){_—M

OO enengg s ~
Ve lp= Ve s,
(i) Calculate the output voltage of the transformer.

(3)

L/P \?x lﬁ: L'_,

2.7_':0? qb? = l\/:, 0-1\;

[/_-_:;; 230,44 5 « 0.2\
= output voltage = ... T\, B% v

.aﬂ"'-:l;\

N { ResultsPlus
/--.. Examiner Comments

This candidate has selected the correct formula and substituted the data correctly. However,
the rearrangement is then incorrect, which prevents any further marks from being awarded.

<4\ ResultsPhus
<)

| Examiner Tip

If candidates find rearranging formulae difficult then they should always substitute the data
as the first step in their working.
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Y
(b) A step-up transformer has an input voltage of 230V and an input current of 4.5A.

The output current of the transformer is 0.21 A,

(i) State the formula linking input power and output power for a transformer that

WW’.: WM?

is 100% efficient.

(i) Calculate the output voltage of the transformer.

220 ¥ S = st O 2l

Vi = (220 x4.5)
o] e 21

Vs = L4900 Cjﬁ)

outputvoltage = ...

a\ -
ResultsPlus

Examiner Comments

A fully correct calculation.

(3)

34
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Question 5(a)

Candidates performed well in this question and the majority could name the force correctly in
addition to drawing it acting downwards through the ball's centre of gravity. The most common
mistake was drawing the downward arrow to the side of the ball, which showed a
misunderstanding as to how forces should be drawn on a diagram. Weaker candidates also lost
the mark for labelling the arrow inappropriately. Although additional arrows were ignored in this
question, it was surprising to see a significant number of candidates include upward arrows for
air resistance.

Int GCSE Physics 4PH1 2PR 35



A tennis ball is dropped from a height above the ground.
(a) Diagram 1 shows the tennis ball at the instant it is released.

Diagram 1

On diagram 1, draw a labelled arrow to show the force acting on the tennis ball at
the instant it is released.

ResultsPlus

Examiner Comments

This response scored zero marks. The force arrow is labelled inappropriately and is not
drawn acting through the ball's centre of gravity.

ResultsPlus

Examiner Tip

Candidates should draw weight arrows acting through an object’s centre of gravity as this is
the point of origin for this force.

36
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5 Atennis ball is dropped from a height above the ground.

(a) Diagram 1 shows the tennis ball at the instant it is released.

Tw-rw%ﬂu

I ¥
J orom/

Diagram 1

On diagram 1, draw a labelled arrow to show the force acting on the tennis ball at
the instant it is released.

ResultsPlus

Examiner Comments

This response scored one mark. The line of action of the downwards arrow passes through
the centre of gravity of the ball, so this mark is given. However, "gravity" is not acceptable as
the name of this force.

Note that, despite it being incorrect, the upwards air resistance arrow was ignored.
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A tennis ball is dropped from a height above the ground.

(a) Diagram 1 shows the tennis ball at the instant it is released.

M

Diagram 1

On diagram 1, draw a labelled arrow to show the force acting on the tennis ball at
the instant it is released.

ResultsPlus

Examiner Comments

This response scored both marks. Both marking points are clearly seen.

38
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Question 5(b)

The calculations in these questions performed as expected and offered an excellent
differentiation opportunity. In general, candidates performed well, achieving a mode score of six
marks. The most common error was not factoring in the vector nature of the momentum of the
ball before and after its impact with the ground. This led to candidates obtaining a much lower
value for the change in the ball's momentum than the correct value. Other candidates made
mistakes when quoting a suitable unit for momentum. In Q05(b)(ii), most candidates performed
the calculation successfully, although some candidates did not convert the time into seconds (or
tried to, but did so incorrectly), whilst others gave an incorrect (or unclear) direction for the force.

Just before hitting the ground, the tennis ball is moving downwards at a velocity
of 2.5m/s.

Just after hitting the ground, the tennis ball is moving upwards at a speed
of 1.9m/s.

(i) The mass of the tennis ball is 0.057 kg.

Calculate the change in momentum of the tennis ball when it hits the ground.

Give the unit.
(4)
0.057x=-2.5= -0.142
[Can s
O' lgg "’(“"'O|14'1) - 0-15
change in momentum = 0‘15 unit=..LY. L
(i) The ball is in contact with the ground for a time of 6.0 ms.
Calculate the force exerted on the ball by the ground.
Give the direction of this force.
£.0x 1000z 000 (3)

0.15
£000

=0.00004] ¢

direction = J-‘wuw'vféti
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%

\'/ / ResultsPlus

Examiner Comments

This response scored three marks in Q05(b)(i) and one mark in Q05(b)(ii).

The candidate has appreciated the vector nature of the ball's momentum and calculated the
change in momentum correctly. However, the unit for this quantity is incorrect.

The attempt at the force calculation involves a dimensionally correct substitution (change in
momentum divided by time), but the candidate has not converted the time into seconds
correctly. In addition, the direction of the force is also incorrect.

4\ ResultsPlus
\ Examiner Tip
Candidates should be familiar with the SI units of all the quantities listed in the specification.

Candidates should know that seconds is the S| unit of time and also be able to convert from
non-Sl units into seconds.
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Just before hitting the ground, the tennis ball is moving downwards at a velocity
of 2.5m/s,

Just after hitting the ground, the tennis ball is moving upwards at a speed
of 1.9m/s.

(i) The mass of the tennis ball is 0.057 kg.
- o,Pier = Change
u

Calculate the change in momentun?of the tennls ball when it hits the gfound.
Give the unit.
Mmomentum = mass x veloc) t:j “
betore
downuwowad = 6.667Tx 2.5 = 0\uzeyw
M-;GJU-Q.-(-GH-
Upyword = C-OBFxi1.0q = 0-1083
@ 0. .1L25-0.1033 = 0.C>uU
change in momentum= .. ©-C34z2 unit= R a’s
(i) The ball is in contact with the ground for a time of 6.0ms.
Calculate the force exerted on the ball by the ground.
Give the direction of this force.
tovce = chomge v momentum (3)
_ ©mMs > s
Twe Yaken 2 Exe
= 0.03y z 1000 ~
Bxro=2" =6x1073
G x10°%
=Z6.IN
force= ... 6-? ............................ N
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Examiner Comments

This response scored two marks in Q05(b)(i) and two marks in Q05(b)(ii).

The candidate has not appreciated the vector nature of the ball's momentum and calculated
the change in momentum incorrectly. However, marks were awarded for calculating the
initial momentum and final momentum correctly. The unit for the change in momentum is
also incorrect.

The attempt at the force calculation is correct and error carried forward (ECF) has been
applied. However, the direction of the force is incorrect.

42
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Just before hitting the ground, the tennis ball is moving downwards at a velocity
of 2.5m/s.

Just after hitting the ground, the tennis ball is moving upwards at a speed
of 1.9m/s.

() The mass of the tennis ball is 0.057 kg.

Calculate the change in momentum of the tennis ball when it hits the ground.
——

Give the unit.
(4)
Y= pri—=—~05 T+ 275
Clﬂﬁ“f' M wgnartn, = My -mu

= 0,057 - 1q = (0,057 «-(=2.5))

= 0.25]
-1

change in momentum = 0.,25' unit=... kjl ms. ..

(i) The ball is in contact with the ground for a time of 6.0 ms.

Calculate the force exerted on the ball by the ground.

Give the direction of this force.

(3)
0. 251
F b == loow
= 418N

force = ‘HJ
direction = ufwmh

.'\ -
ResultsPlus

Examiner Comments

This response scored four marks in Q05(b)(i) and three marks in Q05(b)(ii).

All parts of these questions have been completed correctly. This candidate is clearly working
near the top of the grade range.
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Question 5(c)

The marking of this question was split into three sections (variables, accuracy and reliability) to

m

atch the scaffolding incorporated into the question.

+ Variables: Some candidates got these marks by clearly identifying the variables, whilst many
candidates talked about the processes of getting the materials or required equipment but did
not identify the types of balls as the independent variable. The lack of clarity in responses
meant that sometimes these marks could not be awarded.

+ Accuracy: The use of a diagram allowed a lot of candidates to identify that the ruler should be
held or kept vertical, but the majority of candidates that did not have a mark missed out at
least one mark by not talking about the setup properly. The most common marks given here
were for the use of a camera or measuring at eye level (identification of a vertical rule without
a photo was uncommon).

* Reliability: Most candidates got both marks by talking about repeating the process or
experiment and finding the average OR identifying anomalies. Some candidates talked about
repeating the process with the other balls and missed this mark, but this was not common.

44
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() The coefficient of restitution can be used to determine how high a ball will
bounce. The higher the value of the coefficient of restitution, the higher the ball
will bounce.

Diagram 3 shows a ball being dropped from a height (h,) above the ground.
The ball hits the ground and bounces.
At the top of its bounce, the ball reaches a height (h,) above the ground.

.dropposltion
e I Shbt

position at top of

g 7

\ ib ground

The coefficient of restitution can be determined using the formula

coefficient of restitution = J::

A student decides to do an investigation to compare the coefficient of restitution
for different types of ball.

Design a method for the student’s investigation.
Your answer should include details of

+ the variables in the investigation

» how to obtain accurate measurements

+ how to obtain reliable results

You may add to diagram 3 or draw an additional diagram to help your answer.
(6)
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ig ResultsPlus
Examiner Comments

This response scored two marks.

MP6 and MP8 were both awarded. The diagram was not clear enough to award MP4.

/f.\

\) \ ResultsPlus

Examiner Tip

Candidates should take care when drawing diagrams to do so neatly. Had this ruler been
drawn more vertically then MP4 would have been awarded.
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(c) The coefficient of restitution can be used to determine how high a ball will
bounce. The higher the value of the coefficient of restitution, the higher the ball
will bounce.

Diagram 3 shows a ball being dropped from a height (h,) above the ground.
The ball hits the ground and bounces.

At the top of its bounce, the ball reaches a height (h,) above the ground.

. drop position

N

position at top of
bounce

A~

ground
Diagram 3

The coefficient of restitution can be determined using the formula

h,

coefficient of restitution = h_
1

A student decides to do an investigation to compare the coefficient of restitution
for different types of ball.

Design a method for the student’s investigation.
Your answer should include details of

- the variables in the investigation

« how to obtain accurate measurements

« how to obtain reliable results

You may add to diagram 3 or draw an additional diagram to help your answer.

(6)
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% ResultsPlus
Examiner Comments

This response also scored two marks.

MP8 and MP10 were both awarded. Only the weakest candidates did not mention these
marking points.
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(c) The coefficient of restitution can be used to determine how high a ball will
bounce. The higher the value of the coefficient of restitution, the higher the ball
will bounce.

Diagram 3 shows a ball being dropped from a height (h,) above the ground.
The ball hits the ground and bounces.

At the top of its bounce, the ball reaches a height (h,) above the ground.

. drop position

N

position at top of
bounce
-
h'l
h2
ground
Diagram 3

The coefficient of restitution can be determined using the formula

=2

2

coefficient of restitution = h_
1

A student decides to do an investigation to compare the coefficient of restitution
for different types of ball.

Design a method for the student’s investigation.
Your answer should include details of

+ the variables in the investigation

+ how to obtain accurate measurements

+ how to obtain reliable results

You may add to diagram 3 or draw an additional diagram to help your answer.
(6)
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W < ResultsPlus
/'--.. Examiner Comments

This response scored four marks.

The diagram was sufficient to award both MP4 and MP6. MP5 is also mentioned in the
written response, but only two marks maximum could be awarded from each section of the

mark scheme.
MP8 and MP10 were also both awarded.

The candidate has not made a clear enough reference to the variables in the investigation to
be awarded marks from the first section.
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(c) The coefficient of restitution can be used to determine how high a ball will
bounce. The higher the value of the coefficient of restitution, the higher the ball
will bounce.

Diagram 3 shows a ball being dropped from a height (h,) above the ground.
The ball hits the ground and bounces.

At the top of its bounce, the ball reaches a height (h,) above the ground.

‘;c~"" . drop position
L

F

& o
position at top of
3 bounce
L TTTRT
hl
- hi
ground
Diagram 3

The coefficient of restitution can be determined using the formula

coefficient of restitution =

o |_J:r

A student decides to do an investigation to compare the coefficient of restitution
for different types of ball.

Design a method for the student’s investigation.
Your answer should include details of

« the variables in the investigation

+ how to obtain accurate measurements

« how to obtain reliable results

You may add to diagram 3 or draw an additional diagram to help your answer.
(6)
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_ ResultsPlus

Examiner Comments

This excellent response scored six marks.

The addition to the diagram was sufficient to award MP4. MP6 and MP7 are also mentioned
in the written response, but only two marks maximum could be awarded from each section
of the mark scheme.

MP8 and MP10 were also both awarded.

The candidate then gives a clear account of the independent, dependent and control
variables in the investigation, scoring MP1, MP2 and MP3 (but only two marks maximum).
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Question 6(a)

Most candidates scored at least three marks in this question. The most common error was not

showing the conversion to millimetres at the end of the calculation.

6 This question is about cosmic microwave background radiation (CMBR) and
the Big Bang.

(a) CMBR has a mean frequency of 1.6 x 10" Hz,

() State the formula linking wave speed, frequency and wavelength.
(1)

vE £ e

(ii) Show that the mean wavelength of CMBR is about 2mm.

[speed of light = 3.0 x 10*m/s]
(3)

(
roxi08= Lexo'' x A~

) -
3-0’“;” - 1.8 o™
t-& ¥

¥ { ResultsPlus
/--.. Examiner Comments

This candidate scored only two marks in Q06(a)(ii). Their calculation gives the correct answer
in metres, but the question asks candidates to show that the wavelength is approximately
2mm. The absence of the conversion to millimetres results in a one mark penalty.

Int GCSE Physics 4PH1 2PR
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6 This question is about cosmic microwave background radiation (CMBR) and
the Big Bang.

(a) CMBR has a mean frequency of 1.6 x 10" Hz.

(i) State the formula linking wave speed, frequency and wavelength.
(1)

LIoNe af;ccd : ‘Frzq/mcﬁ x mwelmg%h

(ii) Show that the mean wavelength of CMBR is about 2 mm.

[speed of light = 3.0 x 10°m/s]
(3)

3.0 <10 . [.6cl0" x wovelength

uwe.{msﬂm - 3.0 r\‘.Os
1.6 <10 f

1,875 <10 m
1,875 mm

it

4

AN
ResultsPlus

Examiner Comments

This candidate shows the essential final step in the working to score full marks.
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Question 6(b)

Many candidates gave general comments about CMBR, such as its universal detection and its
relation to the cooling of the universe. However, fewer candidates focused on how the increase in
wavelength supports the Big Bang theory by demonstrating the expansion of the universe. This
suggests candidates need clearer guidance on how to interpret data and explain its connection to
the Big Bang theory.

(b) CMBR was first released after the Big Bang.

When CMBR was first released it had a wavelength of about 9 x 10-* mm, but now
it has a wavelength of about 2mm. -

Using this information, explain how CMBR supports the Big Bang theory.
(2)

w 68 CMBR W oW dwnaddigwy
* Wao addasnsd dus ko big bang  predindeg dadiadion .

« CMRR m&aonuxduw Q.a..x.q_gw.\hmg Yo oo
MLAWBLQ _______________ i

bang e

AN
y { ResultsPlus
/---. Examiner Comments

This candidate has given lots of information about CMBR without properly reading the
question. The candidate has not used the information in the question in their response, so
only scored one mark for the idea that the universe has expanded.

V \ ResultsPlus
\

| Examiner Tip

Candidates need to read questions carefully to ensure they answer questions appropriately.
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(b) CMBR was first released after the Big Bang.

When CMBR was first released it had a wavelength of about 9 x 10-* mm, but now
it has a wavelength of about 2mm.

Using this information, explain how CMBR supports the Big Bang theory.
(2)

........................ The watleogth of CMBR_has Mereased  since it we fret rdeased ,

Examiner Comments

This response scored two marks. The candidate has correctly interpreted the information in
the question and used it to explain the expansion of the universe.
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Question 6(c)

This question proved to be very good at differentiating between candidates working towards the
top of the grade range. Some candidates gave very good explanations linking cosmological
redshift to the Big Bang theory. However, many responses stated that more distant galaxies move
faster without clearly connecting this to the observation of greater redshift. Additionally, some
candidates only described what redshift and blueshift are, without explaining how this evidence
supports the Big Bang theory. This suggests that candidates would benefit from clearer guidance
on linking observed redshift to the expansion of the universe as key evidence for the Big Bang.
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(c) Explain how the cosmological red-shift of galaxies also supports the
Big Bang theory.
(4)

_KadSaixx s e doreae in fiwteaney obsend
S agbiyies,. LMoo, m; Lo

e doplec oot T Shones k.

e cnhese o eﬂem)% o el ek Kl

a\ o
ResultsPlus

Examiner Comments

This response scored one mark. The candidate has identified that red-shift means the
galaxies are moving away from Earth, but not given the additional observations and their
explanation to properly support the Big Bang theory.

(c) Explain how the cosmological red-shift of galaxies also supports the
Big Bang theory.

(4)

%—‘rnmmﬁtrﬁ[gpnfn'}-
Cdue do. "“&“ emgeardve. . @nd..gmvidiors ) poll o

C.&ubenc\n-%fsa.n-hc,ehpms;m ...........
Twhich. | ee wCauded. dra unfvevSe 4o

........... %arlamn-s pnova... & Puetheys.. n-ma Hram...eochathar. ..

a\ o
ResultsPlus

Examiner Comments

This response scored two marks. The candidate was awarded MP4 in addition to MP1, but
has not given the additional observations and their explanation in support of the Big Bang
theory (MP2 and MP3).
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(c) Explain how the cosmological red-shift of galaxies also supports the
Big Bang theory.

Galaxies that are furher away have a greater red-shift. They
) afs'-o g FasFer “when f"e:j are_Jucther—away have a 3red4er
__M'Shl# TJ‘NS Means a/( ‘H’!& ga!dz:es are m”’"ﬂ Mj
'B'D'f” one. aﬂﬂ‘ﬂTer Meqnmg fh& universe.is. @rpandmg MJ
mpm* | Hime (209 ago th—we M the  galaies were

(4)

Qfamasmg"ﬁ'ﬂ*

a\ -
ResultsPlus

Examiner Comments

This response scores all four marks. The candidate has demonstrated a comprehensive
understanding of how the red-shift of galaxies supports the Big Bang theory.
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Question 7(a)

Most candidates knew that the silver surface of the cup would be a good reflector or poor
absorber. However, very few candidates linked this property to infrared to score a second mark.
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7 The photograph shows a cup that is designed to keep a drink hot.

shiny silver-coloured surface

plastic lid

(@) The inside surface of the cup is shiny and silver-coloured.

Explain how the shiny silver-coloured surface helps to keep a drink hot.
(2)

i MEL Y SNRACE . does. Nt alsesl. heat, it reRects it

Dmmﬂnrhzat-uh{mjrrﬂmﬂdmhmdml%q{-

AL e S ) RSB0 COAVKEELON...Oh D AN AN, RECPING

T <o " ox. S e

N { ResultsPlus
/'--.. Examiner Comments

This response scored one mark. The candidate has correctly identified that the silver surface
does not absorb, but reflects. However, the link to "heat" is too weak in terms of physics to
be awarded an additional mark.

P
P

2\ ResultsPlus
\ Examiner Tip

The term "heat" should be used to refer to a process, eg heating. It should not be used as a
noun in a scientific context.
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7 The photograph shows a cup that is designed to keep a drink hot.

shiny silver-coloured surface

plastic lid

(a) The inside surface of the cup is shiny and silver-coloured.

Explain how the shiny silver-coloured surface helps to keep a drink hot.
(2)

5})11'1 ;hverca}ar’f>0~}7’ae/’a}75¢de/
a}mo}reélecbaro'zgjnffa ....... fgref

A

¢ { ResultsPlus
/--.. Examiner Comments

This is a better response, which scored both marks.

62 Int GCSE Physics 4PH1 2PR



Question 7(b)

Many candidates stated that the lid would be a poor conductor due to its plastic construction, but
this was not credited since the air between the hot liquid and the lid is already a poor conductor.
Most candidates who scored, did so for a reference to the lid preventing or reducing convection.
Only the most able candidates linked this to the lid's ability to trap air between the hot liquid and

the lid.

(b) Explain why a drink in the cup will stay hot for longer when the lid is placed on
the cup.

()

By pdiing Abe L4 oo He Cbp kot omd

\( / ResultsPlus

Examiner Comments

This response scored one mark for the reference to the lid reducing convection.
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(b) Explain why a drink in the cup will stay hot for longer when the lid is placed on
the cup.

ResultsPlus

Examiner Comments

This response scored both marks. The candidate has a good understanding of how the lid is
keeping the drink hot.

M4\ ResultsPlus
<

) Examiner Tip

Many scenarios involving conduction, convection and radiation can be explained using the
same ideas. Candidates should be shown as many examples as possible of reducing energy
transfers by heating and radiation so that they can practise applying their knowledge and
understanding.

64
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Question 7(c)

This question proved to be challenging, but accessible and delivered an equal distribution of
scores across its mark range. Tangents were generally drawn well in Q07(c)(i), where attempted.
Some candidates drew tangents at the wrong time, and some did not attempt this part of the
question.

Many candidates chose a single point on the graph and did temperature/time, therefore not
achieving any marks in QO7(c)(ii). Where a successful attempt at calculating gradients was
completed, many candidates did not include a negative sign in their answer, therefore
unfortunately missing out on MP3.

Curves were generally drawn well in Q07(c)(iii) again, where attempted. Some candidates missed
this part of the question, whilst some went below 20 degrees, therefore missing MP2. Some
candidates drew lines which did not begin at 80 degrees, or met the original curve at the end,
therefore missing out on both marks. <<<

(¢) A student investigates how the temperature of a drink in the cup varies with time.
This is the student’s method.
« pour some hot water into the cup and place the lid on the cup
«  wait for the water to cool to 80°C and then start a stopwatch
+ measure the temperature of the water in the cup every 10 minutes

The graph shows the student’s results.

80
60 : H
Temperature N i
in°C 40 ]
- - . .;.—=E-
20 H——1 1
0 i EEEEEE
0 50 100 150 200 250

Time in minutes
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() On the graph, draw a tangent to the curve when the temperature is 40°C.
(1)

(i) Calculate the gradient of the tangent to find the rate of temperature change
of the water when the temperature is 40°C.

Give your answer in °C/minute.

(3)
Rt £ = 0.178°C miuls
rate of temperature change = ............ O 17? °C/minute

(ili) The student is working in a laboratory with a room temperature of 20°C.

Draw a line on the graph to show how the temperature of the water in the
cup would change if there was no lid on the cup.
(2)

.-""'----lI

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

This response scored one mark in QO7(c)i), two marks in QO7(c)(ii) and one mark in
QO7(c)(iii).

The tangent has been drawn successfully and has been used correctly to determine its
gradient. However, the candidate has overlooked the importance of the negative gradient
and so has lost a mark. The curve drawn shows a lack of understanding that the
temperature would not decrease below room temperature.
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(c) A student investigates how the temperature of a drink in the cup varies with time.
This is the student’s method.
« pour some hot water into the cup and place the lid on the cup
«  wait for the water to cool to 80°C and then start a stopwatch
. measure the temperature of the water in the cup every 10 minutes

The graph shows the student’s results,

80

Temperature
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() On the graph, draw a tangent to the curve when the temperature is 40 °C.
(1)

(i) Calculate the gradient of the tangent to find the rate of temperature change
of the water when the temperature is 40°C.

Give your answer in °C/minute.

(3)
1775 -0 = 1175 G the
W R0 =20 e, (S
-
20
s
=0. |02l 2106
rate of temperature change = O'HO‘LD’T“’ °C/minute
(ili) The student is working in a laboratory with a room temperature of 20°C.
Draw a line on the graph to show how the temperature of the water in the
cup would change if there was no lid on the cup.
(21

N,

<{ < ResultsPlus
b/----.. Examiner Comments

This response scored one mark in QO07(c)(i), two marks in QO7(c)(ii) and two marks in

QO7(c)iii).

The tangent has been drawn successfully and has been used correctly to determine its
gradient. However, the candidate has, again, overlooked the importance of the negative
gradient and so has lost a mark. This time, the curve has been drawn to demonstrate the
candidate’s understanding of how cooling curves behave.
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(c) A student investigates how the temperature of a drink in the cup varies with time.
This is the student’s method.
+  pour some hot water into the cup and place the lid on the cup
«  wait for the water to cool to 80°C and then start a stopwatch
+ measure the temperature of the water in the cup every 10 minutes

The graph shows the student's results.
80 ¢
60
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(i) On the graph, draw a tangent to the curve when the temperature is 40°C,
(1)

(i) Calculate the gradient of the tangent to find the rate of temperature change
of the water when the temperature is 40°C.

EXL

Give your answer in °C/minute.
(3)

=lotbe-
w-b _F
235 -0 'ﬂ
-o-|
rate of temperature change = ............ o °C/minute

(iif) The student is working in a laboratory with a room temperature of 20°C,

Draw a line on the graph to show how the temperature of the water in the
cup would change if there was no lid on the cup.
(2)

a\ o
ResultsPlus

Examiner Comments

This response scored one mark in QO7(c)(i), three marks in QO7(c)(ii) and two marks in

QO7(c)iii).

All elements of this question have been completed correctly by the candidate.
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Question 8(a)(b)

In Q08(a), many candidates gave a wide range of answers for the maximum frequency humans
can hear, showing some uncertainty. In Q08(b), several candidates obtained the “time period”
incorrectly from the oscilloscope trace, leading to wrong answers. Some mistakenly used 10mV as
the wavelength in the equation v = fA, showing confusion about the terms. Many also gave yes/no
answers without explaining their reasoning, which limited their marks. Candidates would benefit
from more practice in reading oscilloscope traces and explaining their answers clearly.
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8 A high-frequency sound wave is detected by a microphone and displayed on
an oscilloscope.

The diagram shows the oscilloscope screen when the sound wave is detected. It also |
shows the oscilloscope settings. '

oscilloscope settings:

x direction: 1 square = 20 x 10~°s
y direction: 1 square = 10mV

(a) Give the maximum frequency of sound that can be heard by humans.

1S000 Hr

(b) Determine if the sound wave displayed on the oscilloscope could be heard
by humans.

w x 20w
- grelof

Frequeény =

(1)

~ (4)

X 10“‘“
(2500

The. Sowwe  \ere awww/f be W __________
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/'--.t Examiner Comments

The candidate has given an incorrect upper limit of human hearing in Q08(a), but has
correctly calculated the frequency of the sound in QO8(b). Surprisingly, they have then
concluded that the sound wave cannot be heard, which is incorrect.
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8 Ahigh-frequency sound wave is detected by a microphone and displayed on
an oscilloscope. '

The diagram shows the oscilloscope screen when the sound wave is detected. It also
shows the oscilloscope settings.

oscilloscope settings:

x direction: 1 square = 20 x 107¢s
y direction: 1 square = 10mV

(a) Give the maximum frequency of sound that can be heard by humans.
(1)

20000 ha

(b) Determine if the sound wave displayed on the oscilloscope could be heard
by humans.
(4)
-3

Peclsd Zﬂwa"‘? x¢ = xll S

f [
-7 - . Z oo H
1(..~ f,'l 3)‘”_5 !15 O 2

1)
T
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N / ResultsPlus
/'--.'. Examiner Comments

This time, the candidate has given the correct upper limit of human hearing in QO08(a).
However, despite calculating the correct frequency in QO08(b), the final conclusion lacks
substance and is insufficient to gain the final mark. A comparison between the frequency
and the answer to Q08(a) was expected.
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8 A high-frequency sound wave is detected by a microphone and displayed on
an oscilloscope.

The diagram shows the oscilloscope screen when the sound wave is detected. It also
shows the oscilloscope settings.

[ ]
A N

oscilloscope settings:

x direction: 1 square =20 x 10°%s
y direction: 1 square = 10mV

K/ N AN

(@) Give th@equency of sound that can be heard by humans.
(1)

2¢ oue H!- or 2o kHz _

(b) Determine if the sound wave displayed on the oscilloscope could be heard

by humans.
(4)

- "b -
Fnerewwf = bx 2050 = Ex:os

Fvc?-enc.e = —I_
Time pertec|
-2
Sslﬂ—s = 2500 (Hz)

12500 Ha s ..(gz:aer Than . 20 Hz awd  smallev than 2o ooelg

E'E-GSNG {'t', QM_ wale. d[yf{q_?go/{ en. 'ﬁ‘( "SCIHOSCOFZ Cowled be
lémﬂA— LH huw-ﬂn..g
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Examiner Comments

This candidate has completed all elements of these questions correctly. The conclusion gives
a clear comparison between the frequency calculated in Q08(b) and the value quoted in
QO08(a).
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Paper Summary

Based on their performance on this paper, candidates should:

Take note of the number of marks available for each question and use this as a guide for the
amount of detail expected in the answer.

Take note of the command word used in each question to determine how the examiner
expects the question to be answered, for example, whether to give a description or an
explanation.

Be able to use the formulae listed in the specification confidently in terms of substitution,
rearrangement and evaluation.

Know the Sl units for physical quantities and be able to convert from non-SI units to S| units
when required.

Show all working so that some credit can still be given for answers that are only partly correct.

Take advantage of opportunities to draw labelled diagrams as well as, or instead of, written
answers.
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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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