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Introduction

This examination paper, 9PH0_01 tests about half of the Physics A level specification. The
topics examined are mechanics, electric circuits, electric and magnetic fields, nuclear and
particle physics.

The paper was completed fully by almost all candidates in the allotted time, and most
candidates attempted every question.

All candidates should be made aware of the following general points when answering the
questions:

e A'"show that" question (eg Q16a) should have the answer given to one extra significant
figure compared to that given in the question. The numerical substitutions into an
equation should be made clear

e A numerical answer (eg Q11b) should have a unit

e A'"deduce" question (eg Q18bii) usually requires the comparison of the candidate's answer
with a piece of data given in the question plus a conclusion.

The requirements for this paper included a ruler in order to add to the diagram in Q15ai.
Many candidates attempted this without a rule and would consequently struggle to gain MP1
and MP2.

Most questions appeared to elicit the right kinds of response from the candidates. Reading a
question carefully can alert candidates to the topic being tested. In Q15 a power supply with
a large internal resistance is described. This was to direct candidates to think about the effect
of internal resistance on the terminal potential difference. Many candidates did not pick up
on this clue.

Certain topics have proved less accessible in past papers. Q18a examined the application of
Faraday's and Lenz's laws. It was very pleasing to see a marked improvement in the standard
of the answers on this topic.

In general, the numerical questions proved significantly more accessible than the
"explanation" questions.
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Question 11 (a)

This question asked candidates to explain what is meant by moment of a force. This is the
product of force and perpendicular distance from the line of action of the force to the point
about which the moment is being calculated. The requirement was simplified for this
examination paper to requiring perpendicular as appropriate in the answer.

r 3\

11 A film involves a gang of bank robbers making a getaway on a bus loaded with gold
bars. The bus spins out of control and ends up balancing on the edge of a cliff, as shown.

A LA R L

M - FJ (Source: © maforche/Shutterstock)

(a) State what is meant by the moment of a force about a point,
(1)
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ﬁ( &{ ResultsPlus
/--.. Examiner Comments

This answer does not include "perpendicular” therefore there is no
mark.
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11 A film involves a gang of bank robbers making a getaway on a bus loaded with gold
L/\) . The bus spins out of control and ends up balancing on the edge of a cliff, as shown.

(Source: © maforche/Shutterstock)

(a) State what is meant by the moment of a force about a point,

pnseed a
....... };a((a.. B /hxatl

ResultsPlus

Examiner Comments

This answer included "perpendicular" but incorrectly substitutes mass
for force.
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11 A film involves a gang of bank robbers making a getaway on a bus loaded with gold
bars. The bus spins out of control and ends up balancing on the edge of a cliff, as shown.

(Source: © maforche/Shutterstock)

(a) State what is meant by the moment of a force about a point,

(1)

CThe Faw i) by b e
M«, g b bl A fuk.

\(/{ ResultsPlus
Examiner Comments

This answer includes "perpendicular" so is credited.

A~

CMA ResultsPlus
\ Examiner Tip

The distance would have been better defined as distance from the line
of action of the force to the pivot, however this is a good answer.
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Question 11 (b)

The best point to take moments around is the pivot. This means that the reaction force at the
pivot will not have a moment.

The centre of gravity of the bus is midway or 5.5 m from either end.
The distance between the pivot and the gold willbe 5.5-1.5-y=4-y
The distance from the pivot to the robbers 5.5-1.0+y=45+y

These will be perpendicular distances to the respective weight forces.
So the moment of the gold around the pivot = 31000 x (4 - y)

The most common mistake was to work out these distances incorrectly.

(b) The bus is balanced on a ph‘:nt thﬁt _is a distance y from the centre of the bus.

The centre of mass of the gold is 1.5m from one end of the bus. The centre of mass

of the bank robbers is 1.0m from the other end of the bus, as shown.
",

15m q s 1.0m |

-
i S

pivot  centre of bus

-

i
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y ResultsPlus
/--.. Examiner Comments

This answer forgets the weight of the bus which does have a moment
around the pivot.

A clockwise moment is shown equal to an anticlockwise moment so
gains MP1 and 2.

It does not have correct expressions for distance to the gold or to the
robbers so does not gain MP3.
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1.5m L 1.0m
< ;Ii Ll — < >

e,

241 000N pivot |centre of bus

“‘j’
200N

£I0N

...... @) . 300y §g100 (s51y)° W 31000 (4-w)
.......................... 30004+ MBSO tEFO0OW = 114000 - R000W.. .

<g£ ResultsPlus
Examiner Comments

This has the correct moment of weight and the gold around the pivot
(distance 4 - y) but has the incorrect distance to the robbers. It loses
the last mark.

9 GCE Physics 9PHO 01



Examiner Tip
Although this candidate got one of the distances incorrect it was
sensible to mark the distances on the diagram. Questions on moments
are usually helped by a well-annotated diagram.

)
S | ResultsPlus

(i:} The bus'is balanced on a iJi-vn.t-that is a distance y from the centre of the bus.

The centre of mass of the gold is 1.5m from one end of the bus. The centre of mass
of the bank robbers is 1.0m from the other end of the bus, as shown.

1.5m 1.0m
R i <«
(ﬂ;@m Y ygm
N/ pwnt centre of bus
,cdi) Y. ‘s#oo
< (
S6m S -Sm =
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<g< ResultsPlus
Examiner Comments

This gains all four marks.
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Question 12

Part of this answer required candidates to use the resistivity equation, and this was well-
answered. The equation P = [V and then /2R should be used to calculate the power loss. A

significant number of answers used V2/R. This is incorrect as the V in this equation is
potential difference from one end of the length of a cable to the other, which is not given.
The transmission voltage is potential difference between one cable and the other.

R'—‘,f-ti-— LRz - 7xl0™® x P20 x10°

=26.9264.x0°

C'(;Flc.uf.(h(_,z) 7‘5;‘7_ ,(DO 53 2’6 LT oloum.
_. -33 2 05 NG{"TU/\__

\(/gResuits’F’lus
Examiner Comments

This answer was commonly seen. The resistivity equation is used for
MP2 and3. The power equation is incorrect.
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| Examiner Tip

The formulas for power P = IV, P=I°R and P = /R tend to be taught as if
each quantity is always the same. In this case there are two different
powers. Power to be transmitted and power lost by the cables.

R A rr‘r(f‘-)"“

R fm“?_, 0.0011
AT
P:\é ' l:i?;go BB 8 b5 R NS SEAY - % VAN LRV T BRI TR

mogf oo GH ‘M % Q”"""D e

y &{ ResultsPlus

/---. Examiner Comments

This answer gains MP2 and 3 for the use of resistivity equation. It
calculates the power loss incorrectly. It then uses the power loss in the
efficiency equation correctly to gain MP5.
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ig ResultsPlus
Examiner Comments

This calculates the current using P = [V for MP1. It uses the resistivity
equation correctly, although the cross-sectional area is incorrectly
calculated from the diameter. It still gains MP2 and 3 for dimensionally
correct substitutions. Hence gains 3 marks.
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This answer is a really good attempt. It gains MP1 and 4 for calculating
the power loss. It gains MP2 and 3 for using the resistivity equation. It
gains MP5 for correctly calculating the % power loss for the
transmission system. It should then have calculated the efficiency of
the system which is:

100 - 0.08 =99.92 % and the conclusion would now be that this is close
to 100% efficient.
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Question 13 (a)

This conversion is now correctly carried out by a significant majority of candidates. One
common error was to look up the mass of a proton incorrectly. A few candidates are still
getting the conversion inverted.

(sn"\ L\ 1) \ ": “\UU Hel /c. .ﬁ,@

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

A "show that" question should have the answer written to one extra
significant figure to that in the question (900). The answer rounds to

940 MeV/c2. This answer also shows an incorrect mass of the proton
(1.6 x ..) rather than 1.67 x 10 27 kg.

It gains MP2 and 3.

4 \ ResultsPlus
\

| Examiner Tip
In "show that" questions ensure you write the formula and show the
numerical substitutions.
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mass. of pf—n*-m and. ﬂlnf‘: Fm{-r.m oAre .. -Hq, ML,
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LA l0f

ﬂ ResultsPlus
Examiner Comments

This answer has MP1 for realising that the antiproton has the same
mass as the proton. It has an unusual second line, but the third line
shows a conversion with some credit but forgets to square c.

It gains MP3 for a conversion from | to eV.
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i( Examiner Comments

This gains MP1 as the substitution shows that the candidate correctly
assumes the mass of an antiproton is the same as that of a proton.
The conversion is inverted so scores no further credit.
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Question 13 (b)

This question examined how the conservation laws applied to this particular situation.

Most candidates correctly explained that the conservation of charge and baryon number
applied.

Fewer candidates went on to explain whether the laws of momentum conservation and
mass-energy would apply.

-S.\GQL\thm@\Mm\\m\ﬁ\\mwggdr

MhM'ﬂ.ﬂ.&ﬂ%vm\[\“ﬂW&kﬂl
Mmb\w\i\\de—m‘ﬁ.m&.%kh ______________

KM%@J&MMO\M\!\PWEWLQ\\\M\&H

N
\( { ResultsPlus

Examiner Comments

This gains MP4 for correct consideration of mass-energy conservation.
The answer states that the initial protons would need enough energy
to create the extra two particles.

To gain the conservation of baryon number more detail was required.
It was expected that the answer would spell out the baryon number of
each particle.
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This question nicely explains how charge and baryon number are
conserved. It shows the charge and baryon number of each particle
involved. It was not sufficient to simply say "the charge on each side is
+2|l.
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(Total for Question 13 = 8 marks)

a\___

ﬂ ResultsPlus
Examiner Comments

This is a good answer. Both MP1 and 2 are gained.

MP3 is quite well explained. The total initial momenta will be 0 as the
two protons move in opposite directions so it must be 0 after the
collision.

Both MP4 and 5 are present. The Ek of the protons must be equal to
1800 MeV/c? to create the extra particles.

The question has a maximum of 4 marks.
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Question 14 (a)

Many candidates collected 2 marks. The mark scheme looked for positive attributes eg

Leptons have a non-zero lepton number. In general, negative comments were not awarded a
mark eg Leptons do not have a baryon number.

1-Tee g ant wlSunderenral YaXtic\es

22 T ert il muh S Malel thaw BAYTors and.. ¢ 04S

N

.--""'---'I

&{ ResultsPlus

Y/'--. Examiner Comments

MP3 for fundamental. A common misconception was to suggest
leptons are "small" or "have little/no mass".

G0\ fudenentol particleS gt
£ o lopkan. numker

0/1

N

)
e
"

&{ ResultsPlus

y/r--. Examiner Comments

This was awarded both marks. Note that leptons can have a lepton
number of + or - 1.
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ig ResultsPlus
Examiner Comments

Neutrinos are leptons. They are not a "version" of a lepton. This gained
MP3 only.

ig Examiner Comments

Leptons do not have a lepton number of 0. So the second sentence is
incomplete.
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Question 14 (b)

The symbols for obscure particles would be given within the question. It was felt that the
particles involved in this interaction should be known. The majority of candidates did know
the relevant symbols.

Y ‘{ ResultsPlus
/--._ Examiner Comments

The positive muon should have a + sign.

The positron is written e*

An antineutrino should have a bar above its symbol.

el e Vet gy

l-—-—?-"‘l t‘li‘l-

Y ‘{ ResultsPlus
/--._ Examiner Comments

The antineutrino is missing the bar.
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g ResultsPlus

Examiner Comments

A good answer
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Question 14 (¢)

The purpose of the magnetic field is to curve the track. The direction of curvature indicates
the sign of the charge of the particle. Note the answer has to spell out direction of curvature.
Two particles, created at the same point, with the same sign of charge but different momenta
will have paths following different directions but will be curving the same way.

The radius of curvature can be used to calculate the momentum of the particle, using r = p/
Bqg.

A maguetic field & used fo dofleck portiles
2o Mo Lof. parhcln;s n oo doducad (as
_a™ore Yo be exerted on.
) Ve rodiu B'P Hao o particles

=2 fon...Can.. be Mmsumd Yo dkerane
_momentum ef thak parbicle wng p=RQRr .

N\

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

This answer gains MP1 and 3. It is not sufficient to say the deflection
will give the charge for MP2.

(A ResultsPlus

\ Examiner Tip

When moving particles of the opposite charge are in a magnetic field
they will curve in opposite directions. It would also be correct to say
one particle will curve in a clockwise direction and one with the
opposite charge in an anticlockwise direction.

It is not sufficient to say curve in different directions as particles with
the same charge, but different momenta will move in different
directions.
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ﬂ ResultsPlus
Examiner Comments

The magnetic field is not there to make the particles "move". It is there
to curve their paths. This answer was given MP1.

e, <l

’Yfg ResultsPlus
Examiner Comments

The phrase "direction of the circle" is a sufficient description for the
direction of curvature for MP2. The answer was given the benefit of
doubt as it should have more correctly said the "sign of the charge".
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Question 14 (d)

The direction of the path of the muon is different to the direction of the path of the positron
at the point of decay. This indicates that the momenta of the two particles is different at that
point. This gives MP1 and 2.

This idea can easily be mis-communicated. Answers such as "the direction of the particles is
changing". This answer confuses the idea that the particles will be slowing down inside the
detector, so their momenta are continuously changing with the abrupt change at the point of
decay.

It was also acceptable to point out the different radii of curvature at the point of decay and
this indicates different values of momenta for MP1 and 2.

Again, a poorly expressed answer such as "the radius of the track changes" is not clear
whether this is describing one of the particles as they slow down.

;M ‘&l (;Mtrol w?. 7/ £$ ﬂ:- Mlen. .
'{WL l Q z,f Ir&[wo ﬁlm'HL ,QﬁSﬂIM Ffdofuaa!
/f

L ﬁﬂ Samd . Mo M{L 1. 50 e muen 5"5 o
[t-.h.f watuﬂ - wd ﬁwf}:d F }5 Yo mu‘?‘} n@ 4: ”‘7“’
/@ won el i“ fume V& &}nfu
W[ﬁ’/’ .!IL ofﬂwﬂ& . manunfm“ a&\l 'b
ﬂmn& urlu a8 'ﬂme . mc#w f.rM st
lwrt bon ﬂ(ba{dpﬂ oy (Total for Question 14 = 11 marks)
ﬂumjf’um /m.df’ b conswedl ®  mort mmﬁﬁn:é 3
M@{i v/ l% OﬁLCﬂ ara} LMC@ anofhlv e O
weuld [ﬁ fmwf- N f
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’Y/ﬁﬂesuﬁs@iﬁ
Examiner Comments

This gains all four marks but does have an incorrect statement. The
four-mark points are all present in the answer. However, the statement
that the mass of a muon is similar to that of a positron is incorrect.
This doesn't detract from the key points of the argument which are
well made for full credit.

4)

ﬂ ResultsPlus
Examiner Comments

This answer gains MP3 and 4. It does suggest that momentum is only
conserved if other particle(s) are present at the decay.
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ig ResultsPlus
Examiner Comments

This answer was given MP1 and 2. The track changes direction and

there is enough context to suggest "at the point of decay" gains MP1.

There is enough description to suggest that the momenta are different
before and after decay. But there is no reference to momentum
needing to be conserved etc.
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i( ResultsPlus
Examiner Comments

This answer reveals a number of mistakes. The two curves are in the
same direction because the two particles (the positron and the muon)
have the same charge - positive. The radii of curvature are different
and the momenta of the two particles is different. This collects MP1
and 2. There is no further credit as this answer does not continue to
discuss conservation of momentum.
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N,

ﬁ/ ‘{ ResultsPlus
/--._ Examiner Comments

This answer has misinterpreted the diagram. The candidate thinks that

the two particles (the muon and the positron) are moving along the
curved paths and collide at the point where the muon decays. No
mention of conservation of momentum.
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Question 15 (a)(i)
This question examined the ability to draw lines to represent a uniform electric field.

The lines should be drawn with a ruler. The requirements on the front of the examination
paper stated ruler but a significant number of candidates did not appear to use one.

The lines should be straight, parallel and equally spaced.

An arrow representing the direction of the force on a positive charge ie left to right was
required for MP3.

parallel plates

N
\( 2{ ResultsPlus

_‘/'--.. Examiner Comments

The lines in this diagram are equipotential lines.
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parallel plates

.-""'d---lI

Y { ResultsPlus
/---.. Examiner Comments

The lines in this diagram have not been drawn with a ruler.

They are reasonably parallel (MP1) but they are not equally spaced.

The arrow is in the wrong direction.
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parallel plates

N,

~ < ResultsPlus
/--.. Examiner Comments
These lines are drawn with a ruler and are parallel (MP1).

Most of the gaps between lines are equal (MP2) although a harsher
view would be that the bottom gap is smaller than the others.

The arrow is correct (MP3)
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parallel plates

[\l

A4+ A4 LN

y/gResuits?Ius
Examiner Comments
These lines were not drawn with a ruler, and they are not parallel.

They are not equally spaced, and they have little gaps at either end.

The arrow was correct (MP3).

< ResultsPlus

| Examiner Tip

Ensure you have a ruler to complete electric field diagrams.
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Examiner Comments

These lines were not drawn with a ruler and are not parallel.

They are not equally spaced.

The arrow is correct (MP3).
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Question 15 (a)(ii)

The clue to this question was in the information given at the start of the question. It states
that the power supply had a large internal resistance.

When a question refers to power supplies with (large) internal resistance it is likely that there
will be a discussion about emf, terminal potential difference, "lost volts" etc.

In this case there is no current in this "circuit" as there is a gap between two plates.

In which case there will be no potential difference across the internal resistance of the power
supply so the terminal potential difference will equal the emf.

\.

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

This answer comes close to gaining credit but needed to use the
correct terminology.

The "actual voltage of the power supply" is technically called the
terminal potential difference. The use of the correct terms would gain
credit.

GCE Physics 9PHO 01 38



~PONLT. SAPR WA NS, e anYoal. TSiSkoang S0
SR IAMNL QLGLDL.. AL AU, QONTA SARRIAY.
$0..00. VAN, £ YLk S0... RAMUA..0x. NI J0Sk. Vol Xs....

o, Voumexer..ad. EMFl WAL AR ALY ...
ﬂqﬂff

|

ig ResultsPlus
Examiner Comments

This gains MP1 for recognising there is no current.

It gains MP2 for recognising there is "minimal" lost volts.

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

|

iﬁ ResultsPlus
Examiner Comments

This answer suggests a partial knowledge of the appropriate technical
terms and how they apply. It does not appreciate that the voltmeter
measures the terminal potential difference. This will equal E if the "lost
volts" are 0.
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N { ResultsPlus
/'---. Examiner Comments

This answer illustrates a nice way to answer this question using the
formula.

The equation is rearranged to recognise that the relevant symbol V is
the voltmeter reading.

By referring to the equation the answer conveys the full argument for
full credit.
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Question 15 (b)(i)
A straightforward use of the equation E = V/d which the vast majority of candidates

completed successfully.

distance between parallel plates = 2.0mm
(2)
S d‘-‘- ...... S3m £ 32/0%. /o3 ..... 2.boooll
2 bl

Minimum potential difference =

AN
iﬁ ResultsPlus
Examiner Comments
A few candidates gave their answer in kV which is fine but ensure the

unit is included.

ﬂ.—l Ch —_ O, Onea 1

L Wl Bl

distance between parallel plates = 2.0 mm_

an

Minimum potential difference = 52V

N
ig ResultsPlus
Examiner Comments
A few candidates did not convert mm correctly into m. This lost MP2.
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distance between parallel plates = 2.0mm Ve W —
(2)
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% ResultsPlus
Examiner Comments

A few candidates tried to use the equations for radial electric fields.
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Question 15 (b)(ii)

This question examined the consequences of the power supply having a large internal
resistance. An efficient way to answer this question was to referto V=E - Ir.

The first mark was to point out that a current flows in the circuit when there is a spark.

The current will produce a potential difference across the internal resistance (sometimes
called lost volts). The Ir in the equation above.

The terminal potential difference (V in the equation above) will decrease or be less than the
emf of the power supply.

HSJI'L‘?-anHT —po—entrgjtadtssqu'}'ed
Yhe  focm... . of . Sound _and heat.

Tkerafore'“ﬂ’.\fol*&gem?d' is...reduced  significantly.

N
\/ / ResultsPlus
/‘--‘L Examiner Comments

A significant number of candidates tried, unsuccessfully, to answer the
question in terms of energy.
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Examiner Comments

Many candidates conveyed the idea of a current flowing for MP1.

paredia) i pemnce ek san Wl b

................ M s o et decrmoses,

<g< ResultsPlus
Examiner Comments

A flow of charge or electrons could also gain MP1.
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This is a very good answer which conveys all three-mark points
succinctly.
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Question 16 (a)

This "show that" question was completed successfully by almost all the candidates. In a
"show that" question you must present the answer to one further significant figure than the
value given in the question. You must also show your substitutions into an equation.

(2)

50 Y S Ve o S
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V 1{ ResultsPlus
/---. Examiner Comments

This method of calculating the current then using V = IR is fine.
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b/----._ Examiner Comments

Most candidates used P = V2/R and showed their substituted values for
full credit.
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Question 16 (b)

This is the indicative content question. It examined a potential dividing circuit called a
potentiometer. A potentiometer is usually a length of wire (a resistance) along which a slider
makes contact and can be moved from one end to the other. A bulb is connected to the
output (the slider) of the potentiometer.

When both terminals of the bulb are connected at end A there will be zero potential
difference across the bulb, and it will be unlit or off. IC1.

When one terminal of the bulb is at A and the other end is at B there will be 1.5V across the
bulb, and it will be on and lit normally. IC2 and 3.

As the slider is moved from A to B the brightness of the bulb will increase because the
potential difference across the bulb increases. IC4 and 5.

The bulb is in parallel with the section of the potentiometer between end A and the slider.
The resistance of this section of the potentiometer is high compared with the bulb. When
two unequal resistors are connected in parallel the overall resistance tends towards the
resistor with the lowest value, in this case the bulb. The other part of the potentiometer
between the slider and end B can be thought of as in series with the bulb. This section has a
high resistance compared to the bulb and so will have a high potential difference across it
compared to the bulb.

This means that for much of the movement of the slider from A to B the bulb would be off
and only come on as the slider moves close to A.

IC6 was given for any sensible explanation that referred to part of the circuit's resistance and
how it would change as the slider moves.
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Examiner Comments

This candidate needed to be more specific. The resistance of the
potentiometer is constant. The section between end A and the slider
will increase as the slider moves to B. "The current is shared between
them" is not clear. The brightness of the bulb will increase as the slider
moves to B.
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Examiner Comments

This a good attempt at IC6. The candidate describes the nature of the
circuit and how it will change as the slider moves.

The answer gains 1C4,5 and 6.

However, the answer doesn't explicitly state what happens at A and B.
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Examiner Comments

Many candidates used phrases like "at A the bulb will be dim". This is
incorrect the bulb will be off. This answer does get IC2,3 and 4.
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| Examiner Tip
There is difference between a potential divider (or potentiometer)
circuit which just shows an output arrow between A and B and this one
which has a connection to a bulb.

When the arrow (or output) only is shown the explanation is
straightforward. The potential increases linearly from A to B as the
length of wire between A and the slider increases.

When a bulb is added the circuit is more complex. It should now be
thought of as two series resistors either side of the slider (the
potentiometer) with the bulb in parallel with the resistor to the left of
the slider. The potential will no longer increase linearly.
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This type of answer was commonly seen. IC4 and 5 given.
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Examiner Comments

This answer gains IC1 for the potential difference across the bulb is 0
when the slider is at A. It then gains IC4 and 5 as the slider moves to B
the bulb gets brighter etc. It also gains IC2 and 3 for describing the
bulb having maximum brightness at B because it will be at 1.5 V.

It didn't get IC6 because it doesn't describe any specific aspect of the
circuit's resistance and how it will change.
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Examiner Comments

This gains all six IC points.
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Question 16 (¢)

This question is about charging a capacitor connected in series with a bulb. When the switch
is closed there will be 0 V across the uncharged capacitor and therefore 1.5V across the bulb
as they are in series.

The bulb will be initially at normal brightness.

As the capacitor charges the potential difference across it increases. Therefore, the potential
difference across the bulb decreases as does its brightness.

This will be an exponential decrease, or candidates could calculate the time constant for
MP4.
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Examiner Comments

This galned MP3 as the answer states that the capacitor is charging,
and the brightness of the bulb will decrease.
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Examiner Comments

This answer is a good explanation of the circuit once the switch is
closed. However, it doesn't answer the question clearly, which was
about the brightness of the bulb.

However, it gained MP1,3 and 4.
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Examiner Comments

This answer concentrates on the capacitor rather than the brightness
of the bulb.

This answer still gains MP3 and 4.
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%ﬁ Examiner Comments

This answer does concentrate on the brightness of the bulb. It gained
MP1,2 and 3.
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Question 17 (a)

This question asked for the model of the atom that Rutherford proposed not the results of
the scattering experiment.

There are three marks:
The atom is mainly empty space.
There is a dense centre (the nucleus) which is charged.

This centre (nucleus) is very small compared to the atom.

- r
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i{ ResultsPlus
/--.. Examiner Comments

This answer gained MP2 for dense, charged nucleus.

To gain Mp3 it needs to say small compared to the size of an atom.
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g < ResultsPlus
/--.. Examiner Comments

This answer gains MP1.
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This gains MP1 and 2
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Examiner Comments

This answer tells us about the experimental results so wastes time.

It gains MP1 and 2.
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i( ResultsPlus
Examiner Comments

This gains MP1 and 2.

It is not sufficient to say the nucleus is very small. An atom is very
small.

N\

ig ResultsPlus
Examiner Comments

This gains all three marks. Note that the ratio 1/1000 times smaller is
actually incorrect. It is 1/10000. However, the answer conveys the
comparison of the nucleus being much smaller than an atom for MP3.

GCE Physics 9PHO 01 60



Question 17 (b)(i)
This question examines the use of the electrical potential equation.

It asked you to check whether the closest distance of approach of an alpha particle to a
nucleus of gold was a particular distance.

The charge on an alpha particle is 2e and the charge on the gold nucleus is 79e.

LICUUVC WIIICLIIGL IS 3LalCLirciit 1s WII. L ; §W

- fl ) QQXIO -------------------------------------------------

V = Q—'x\ X .
\5 T %x:o Xx79 x\. E;x\

\( { ResultsPlus
/'--. Examiner Comments

This answer illustrates a correct method.

The candidate calculates the potential at the point where the alpha
particle would be brought to rest.

The candidate then calculates the distance from the gold nucleus for
this potential. This then gives the value of distance given in the
question.

Many candidates combined the two equations into one: V=kQ1Q,/ r
which was equally correct.
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| Examiner Tip

Some candidates made a simple arithmetic error with their calculator
so that the answer was incorrect.

To gain mark point 1 the substitutions need to all be shown ie
including 8.99 x 10 or the value of .

V€K 2 73x1073 = g 4o g s,

L (ZxVexie ™)

.-'II:\ —
V 1{ ResultsPlus
/--.. Examiner Comments

This answer looks as if it should gain MP2 (correct charge on the alpha
particle) and MP3, the use of W= qV.

However, this candidate thinks Vis a velocity so loses MP3 but still
gains MP2.
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A number of candidates used the equation for kinetic energy rather
than substituting the value given in the question.

This will, if used correctly, predict the velocity of the alpha particle
when it was outside the gold atom. However there is no value of this
given in the question.

There is also an error in the mass substituted in this answer.
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N\

The force between two point charges varies with distance so applying
the equation work = force x distance is incorrect physics.

This answer still gains MP2 for correct charge on either gold or the
alpha particle.
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Question 17 (b)(ii)
The most straightforward way to do this question was to use the equation £, = p2/2m

The mass of an alpha particle can be approximated to 4 x amu or 4 x mass of a proton.

It was not uncommon to see the omission of the unit to this answer.

(3)
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Examiner Comments

Omission of the unit.
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Examiner Comments

A fully correct method and answer with unit.

GCE Physics 9PHO 01 66



Question 17 (c)(i-ii)

In (i) the candidates had to recall that an elastic collision means that the total kinetic energy
is conserved.

In c(ii) the candidates had to offer a sensible possibility.

(1)
Momentum Wil _be  consesved oftes the
L TR 7Ty

(ii) State what happens to the atoms in the gold foil as a result of these interactions.
(1)

T"Mbjomﬁed i

N,

ﬂ/ /S ResultsPlus

Examiner Comments

(i) No mention of kinetic energy conservation.

(i) Acommon error.
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(i) An elastic interaction occurs and the alpha particle recoils. fe® m o ™y, N

State what is meant by an elastic interaction.
(1)
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(i) State what happens to the atoms in the gold foil as a result of these interactions.
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Examiner Comments

(i) Correct

(ii) Idea that the gold atoms or nuclei would move.
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State what is meant by an elastic interaction.

)

(ii) State what happens to the atoms in the gold foil as a result of these interactions.
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ResultsPlus

Examiner Comments

(i) Correct

(ii) Idea that they would move gains MP1.
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Question 18 (a)

This question examined the use of Faraday's and Lenz's laws.
MP1 and 2 are about applying Faraday's laws to this situation.
MP3 (and 4) was about applying Lenz's law to this situation which proved more challenging.

Lenz's law tends to be learnt rather than understood. A lot of answers didn't make sense,
many candidates saying things like "direction of emf opposed the direction of motion".
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b/‘----. Examiner Comments

This candidate has misinterpreted the diagram. It is not about a motor
effect - it is about the dynamo effect.
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(a) Describe how this arrangement can be used as a regenerative brake. ot
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Examiner Comments

This gains MP1 and 2 for a good application of Faraday's law.

A force cannot act in the opposite direction to a potential difference.
They are two different quantities.
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Examiner Comments
This is a good answer. It gains MP1 and 2 for applying Faraday's law.

It gains MP3 for correctly quoting Lenz's law to this situation: "its
motion is such to oppose the change in flux linkage".

This explains why the coil (and wheels) will slow down.
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MP1 and 2 given for applying Faraday's law.
MP3 given for a good attempt to apply Lenz's law to this situation.

"The emf induced will oppose the change that created it....to conserve
energy"....is a very decent attempt to articulate Lenz's law to this
situation.

It would have been improved by "The direction of the induced
current...."and would then have flowed naturally from the previous
sentence.
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Question 18 (b)(i)

This question was primarily aimed at interpreting a velocity time graph to determine
acceleration.

Most candidates determined the gradient, but some forgot to convert either the units of
velocity to m s™! or time to hours.

JDUKIN NOour -.

(3)

(‘zso,fzoo)tleso’béo)

Acceleration of train= . M ™ ...

,--*'I;\ -
\( i{ ResultsPlus
/'--.. Examiner Comments

This correctly determines the gradient but does not convert either unit.
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Examiner Comments

A few candidates drew a tangent that determined the instantaneous
acceleration at a particular time. This answer could still gain the
conversion of units MP2.

Pt
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“"\Vj ResultsPlus

| Examiner Tip
Watch out for different units on each axis of a graph. This has velocity

in km h™! but time in s.

One of these needs changing either to present the answer to (k)m s2

or to (k)m h™2
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Examiner Comments

This answer is unusual. The candidate determines the gradient for
MP1.

The units are incorrectly converted so loses MP2.

Because the units were incorrectly converted the units for the answer
are incorrect.
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This answer correctly converts the time to hours and determines the
gradient.

The units for acceleration are correctly stated within the answer space
so even though they are incorrect on the answer line it still gains MP3.
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Examiner Comments

A fully correct answer for all 3 marks.

Note that the candidate uses a fraction on the answer line. This would
normally lose the MP3 mark. In physics answers should be calculated
to 2 or 3 significant figures depending on the data given in the
question.

This did not lose MP3 because the value is given within the answer 0.2
recurring.
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Question 18 (b)(ii)

This is a "deduce.." question. The candidates have to use the data in the graph to decide
whether this train meets a specification.

There are many different approaches.

The most common was to determine the area under the graph up to a velocity of 360 km h""’
which is the actual distance moved by the train. This is about 22.5 km and is less than 40km,
so the specification is met. Note that it is important to compare the figures when drawing a
conclusion.

Another method was to use an equation of motion to determine either the distance, time or
acceleration and compare.

= ":2}'_)‘0-?.2 xus9 = 22.-49% hkm

S0 dakes 272 .Shkm  to accelsale

rd

™,
\ n

N { ResultsPlus

/‘-—-.". Examiner Comments
This answer uses the equation of motion s = 1/2 at? to correctly
calculate the distance moved by the train. The candidate does not
compare the answer to 40 km so loses MP3.
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Examiner Comments

This candidate uses an equation of motion to correctly calculate the
acceleration required to cover 40 km.

Their answer to the previous question bi was an acceleration of 0.184
which is larger than that required so the candidate correctly states that
it will meet the specification for full credit.
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GCE Physics 9PHO 01 80



/

ig ResultsPlus
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This candidate uses an equation of motion to calculate the distance
moved by the train for 2 marks. However, they draw the wrong
conclusion.
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Examiner Comments

This candidate incorrectly calculates a distance using speed =
distance/time. The train is accelerating so this equation doesn't apply.

However, they draw the correct conclusion for their value with a
comparison so gain MP3.
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This candidate uses an equation of motion to predict the distance
covered. They add a comparison and draw the appropriate conclusion
for full credit.

§
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Question 18 (c)(i-ii)

This question examined candidates' understanding of circular motion.

(i) They are asked why there is a safe limit to the speed of a train on a curved track.

On a curved track there must be a centripetal force if the train is to continue on the track.

This force is provided by the reaction from the track on the wheels of the train.

As F=mVv?/r as v increases the centripetal force required increases but the reaction force will
have a limit and at this point the train will leave the track.

In (i) the candidates have to recognise that as F = mv2/r the relationship between maximum

safe speed and radius of curvature is v2 proportional to r. This assumes that the limiting
value of force between the track and wheels is constant.
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il
(ii)) When the tl!a'vels Ql hour”!, the minimum safe radius of curvature of
the track is 1800m,

Calculate the minimum safe radius of curvature for a speed of 360 km hour™'.

(2)
VAVVE @ Vowr
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Minimum safe radius of curvature = '%9—'4'0‘”7

<g§ ResultsPlus
Examiner Comments

(i) This answer suggests there are two forces. A "centripetal force" and
"friction".

This type of answer gained MP1 only.

(ii) The candidate has assumed a proportional relationship between v
andr.
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(ii) When the train travels at 200 km hour™', the minimum safe radius of curvature of
the track is 1800 m.

Calculate the minimum safe radius of curvature for a speed of 360 km hour™'.

\ (2)
1OD000wm.
.......... 100km!hr=—m‘§‘-"55%mls\’°°ﬂfs
w mg
____________________ L
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vt oo™ o
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c
= o= (Total for Question 18 = 16 marks)

ResultsPlus

Examiner Comments

(i) A good answer. The candidate makes it clear that the "friction" is the
centripetal force. Friction was allowed as an alternative to reaction

force.

(ii) v2 proportional to r is used correctly.

85 GCE Physics 9PHO 01



(4)
mv™

‘lﬁ'*'?m.te;s O 00Q X VAN LSog .speech....
bﬂ.wwbrmaumjmq e ALd L bmUa
S owhan M{:{Ml&l‘bﬁ%ﬁ&l‘ Lon. o Hute k.
o (mduu,m%nm _OWARONNLE  Hna  religaae
ok Qoae  laekuatan  tha  bmus end  Hee ol
It M bogeant ths k@in coukd  dam ond emgh..

(i1) When the train travels at 200km hour™, the minimum safe radius of curvature of
the track is 1800m.

Calculate the minimum safe radius of curvature for a speed of 360 km hour™'.
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Minimum safe radius of curvature = S?:%Lm B
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(i) This answer gains MP1 and 3. The equation and centripetal force are
stated. The candidate then describes a resistive frictional force, and it
could be interpreted that there are two forces rather than the frictional
force is the centripetal force.

(ii) The relationship between v2 and ris correctly applied.
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iﬁ Examiner Comments

(i) This answer gains MP1 for centripetal force.
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(i) When the train travels at 200km hour™', the minimum safe radius of curvature of
the track is 1800 m.

Calculate the minimum safe radius of curvature for a speed of 360 km hour™'. o
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iz ResultsPlus
Examiner Comments

(i) This has the equation and mentions centripetal force. It doesn't
explain what causes the centripetal force so gains 2 marks.

Minimum safe radius of curvature = . . 2§00m ... ...

(i) fully correct.
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Paper Summary

Based on their performance on this paper, candidates should:

show numerical substitutions in an equation, including any constants

"deduce" questions require the comparison of a candidate's numerical answer with a piece
of data given in the question

reading the question should reveal the topic that is being subsequently examined

check that you have all the items that the "requirements section" on the front cover states:
eg ruler

if a diagram is supplied with a question, it can be useful to annotate the diagram to add to
any explanations

if an "explain" question has four marks it is likely that there are four relevant separate
points that can be made in the answer.
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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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