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Introduction

This is the eighth time that unit 4 of the specification has been examined. The assessment
structure mirrors that of other units in the specification, consisting of 10 multiple

choice questions, a humber of short answer questions and some longer, less structured
questions. As an A2 assessment unit synoptic elements are incorporated into this paper.
There is a significant link to the mechanics of unit 1 and that is where the synoptic elements
tend to come from.

Candidates again found this paper more accessible and were able to attempt all of the
guestions knowing the topic of physics that was being examined. Even where candidates
failed to score marks due to lack of detail or the use of imprecise language, their answers
were still relevant to the question being asked. Candidates were able to apply their
knowledge to a variety of styles of examination questions. Since this is an A2 paper,
candidates should show progression from AS and this is shown in the more difficult content
of the A2 specification and also in the demands of the questions. In this paper, candidates
were required to add to diagrams or draw circuits in several questions. Marks were often
lost due to poorly drawn diagrams. Candidates should be encouraged to use a ruler
whenever possible such as in drawing the electric field between parallel plates (Question
15). Full marks could be obtained for a free-hand drawing but candidates who used a ruler
were more likely to draw straight, parallel and equispaced lines. In Question 13(c) many
of the candidates realised that because of the increased proton number the force acting

on the alpha particle would be greater and so the paths would be different. After an initial
separation of the particle paths, some candidates then went on to draw the ends of the
particle paths as parallel lines which is incorrect.

We often ask candidates to interpret the paths of particles but this paper showed that
they need more practise in drawing the paths. There is still a need for candidates to make
more effort to learn definitions, in this case conservation of momentum. Candidates need
to read the questions carefully and think about the context and also remind themselves of
the context as they work through the question. In the main, calculations were well done
although many struggled with the current calculation in Question 14(c)(ii). Candidates
need to remember that at A2 level, some of the questions can have a synoptic element
and in this unit that is most likely to be from the AS mechanics. Question 15 required the
candidates to realise that there were two equal and opposite forces, and in Question 17 to
calculate an initial speed using a given stopping distance and time.

The multiple choice questions in Section A were on the whole more straightforward than in
previous papers with A grade candidates often scoring 10 marks and E grade candidates
scoring about 7 marks.

Question |Topic %0 correct |Most common
incorrect response
1 Nuclear structure 94 -
2 Magnetic force on a charged particle 77 A
3 Graphical variation of electric field 82 D
strength and plate separation.
4 Angular velocity 94 -
5 Energy equations 89 C
6 Conversion of MeV/c? to kg 82 D
7 Identification of particle tracks 75 D
8 Centripetal force 87 D
9 Cyclotron 61 B
10 Use of de Broglie wavelength 88 D
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Question 11

This question was fairly straightforward with the most common marks being 2 and 3. Most
candidates got the direction correct but only about half drew a larger radius. The most common
error in explaining the direction was to say that the anti-helium was negative without making
the comparison to the proton being positive. A fair number of candidates quoted the formula r

= p/BQ but few went on to calculate the factor of two. There were several errors in reading the
question such as assuming that the path of an anti-proton was asked for or not starting the path
at X. Others assumed that the particles arrive together and annihilated since they were matter

and antimatter.

4
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The diagram represents the path of a proton through a magnetic field starting at point X,

e

X

Add to the diagram the path of an anti-helium 4 nucleus also starting at point X and
initially travelling at the same velocity as the proton.

Explain any differences between the paths.
(5)
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ﬁ ResultsPlus

Examiner Comments

This candidate has drawn the path correctly, scoring both
diagram marks, also identifying that the charges are opposite
hence the direction. Although the mass is identified as being
4 times bigger the candidate had not referred to the equation
which determines the radius of a particle in a magnetic field.

A

Examiner Tip

This is a descriptive type question where an explanation is
needed in terms of an equation. Always think if there is an
equation that might help to answer the question.

The diagram represents the path of a proton through a magnetic field starting at point X.
———

Add to the diagram the path of an anti-helium 4 nucleus also starting at point X and
initially travelling at the same velocity as the proton,
Explain any differences between the paths.
(5)
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Tt wl LY — — Aifferent dicgclion.. Cawpere.. To
Pton.. .y @@ ey heve A Sabe s 5 bt fey

hoe. o opette. he  Se Tt @ gos. Mo opposte
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ﬁ ResultsPlus

Examiner Comments

A common answer that scored 2 marks for the direction of the
path and opposite charge. This candidate acknowledged that the
drawing is an anti-proton.
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The diagram represents the path of a proton through a magnetic field starting at point X.

X

Add to the diagram the path of an anti-helium 4 nucleus also starting at point X and
initially travelling at the same velocity as the proton.

Explain any differences between the paths.

(3)
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ﬁ ResultsPlus

Examiner Comments

This candidate came so close to scoring all 5 marks. All of the
detail is there but instead of saying the radius is twice as big,
merely says that it is greater and so does not get the 5th mark.
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Question 12 (a)

Most candidates correctly identified at least 3 of the strange mesons. The catch was not to
include the strange anti-strange meson and quite a few candidates did include it. However,
many candidates scored well on this question with over 60% of candidates scoring 4 or 5
marks. The most common error was not in the selection of the mesons but in working out
the charge and strangeness of these mesons. The properties of the quarks will always be
given to candidates but they are expected to be able to work out, from the data given, the
properties of an antiparticle. The other common mistakes were to include e in the charge
boxes when it is provided in the heading and to omit the + sign from positive values of

charge and strangeness.

(a) From the list select the four strange mesons and state the charge and strangeness of

each of them.
4)

Meson Chargele Strangeness
Us +3 +]
a5 &, +)

SS O O
L O -

ﬁ ResultsPlus

Examiner Comments

The strange anti-strange meson has been included and there is an error
in finding the charge of the up antistrange quark. This scored 2 marks.

Meson Charge/e Strangeness
ds 0 /

v I l

s -) -1

sd O — |

A
ﬁ ResultsPlus Q ResultsPlus

Examiner Comments Examiner Tip
In particle physics all non zero values

I, iors naye becn omies BUE @4erYInS | | should have efther a + or a - sign n fron
. ' of them. It is not assumed that 1 means
only so this scored 3 marks. 1
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(a) From the list select the four strange mesons and state the charge and strangeness of
each of them.

Meson Chargele Strangeness
w § 4 A\
(ﬁdg J) _ I
sa -\ - |

y & Y -\

—

ResultsPlus

Examiner Comments

An example of a 4 mark answer.

GCE Physics 6PHO04 01
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Question 12 (b)

50% of candidates scored the mark with the most popular response being mass followed
by lifetime and then decay products. Because this was an unusual question we did allow
candidates who gave more than one option, some of which were wrong but which did
include a correct response, to score the mark. This is not usual policy and candidates should
be discouraged from writing a list when only one factor is required. Quite a few candidates
missed the point of the question and wrote at length about how the particle could not be
detected in a bubble chamber.

(b) Some of the mesons in the list have zero charge and zero strangeness.

Suggest what might distinguish these mesons from each other.
(N

T 0 Clowd  thamakor. or.  bublole. chavvper the niahmol

parhicded il net. Leane. o trofic a3 oy are. net. charged

ResultsPlus

Examiner Comments

A common response which doesn't answer the question.

(b) Some of the mesons in the list have zero charge and zero strangeness. _ ﬁ‘* Q" ’\i) -0

(1)
B Mo nwvagen. semdoavs. a dmmqwkmdq M’Inr\%%m .

Suggest what might distinguish these mesons from each other.

ResultsPlus

Examiner Comments

Another wrong answer that doesn't answer the question but
explains why there is zero charge.

A

ResultsP

Examiner Tip

us

Don't waste time writing an answer that doesn't answer
the question.

GCE Physics 6PH04 01
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Question 13 (a)

Considering how many times this has been examined in the past, it is always surprising
how many candidates do not score well with only 56% scoring both marks. In (i) we were
looking for an answer which told us that the particle were undeflected or went straight
through. There were many imprecise answers such as ‘the other side of the foil” or ‘in

a straight line’. Others tried to use angles e.g. 0 -10° without defining where they were
measuring the angles from. Poor answers in (ii) were ‘the atom has a lot of free space’ or
‘there is a lot of space in an atom".

Question 13 (b)

Only 23% of candidates scored both marks; the most common error was to say that all

of the charge is in the nucleus. Also, although the nucleus does have a high density, just
saying that the nucleus is dense is not the same as saying that all of the mass of the atom
is in the nucleus.

(b) Some a-particles are scattered through 180°,

State what this suggests about the structure of the atoms in the metal foil.

.TL"’: ‘J'w\lj;.“C?b k\m‘ M ‘I..va‘ﬂb {'m“nﬂ? e S_-_vla_-dlj ' pL;n_«,._L
amd [f%-l’nwlu‘.\ L-.Lm-juf centers .

ResultsPlus

Examiner Comments

Saying that the nucleus is small and dense does not tell us that
most of the mass of the atom is in the nucleus.

(b) Some a-particles are scattered through 180°.

State what this suggests about the structure of the atoms in the metal foil.
(2)

TLL Mass 4 e nuchs.. sy be Concentented mbo o w‘:j small
clans.. k. alsa .. Ok e pesifivdy Cracgd . dor.. crdac.. be.. Supfly.

F'“"‘“"""f? C{«up( L

G f&fN{SWQ ‘gg,ru. {,G\f)?.. mzk ‘t, Sgna—c_( f‘m,wc.\'.f;k, Pc.fthu- ﬂrtyl (’(?C)h.

<d\ A\
ResultsPlus ResultsPlus

Examiner Comments Examiner Tip

A slip which lost a mark. I am sure the

Read your answer!
candidate meant to say that the mass of the Y

atom is concentrated into......... This scored 1
mark for the nucleus being charged.
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(b) Some a-particles are scattered through 180°,

State what this suggests about the structure of the atoms in the metal foil.
(2)

* Nocleos 18 positive.  as it deflected  some posifive.alpha
poctices ,  posihve. ol fepel . poutive . Lo even heogh o
Nedy. Small .p;m.a.f?,.e. .fome.  cefle c’ﬂﬂécltfﬁl backuatdy.

ﬁ ResultsPlus

Examiner Comments

This scored no marks. Rutherford's experiment established that
the nucleus was charged not that it was positive. He repeated
the experiment with beta particles and got similar results. We
treat as neutral references to positive but the word charge/
charged must be used to score the mark.
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Question 13 (c)

Most candidates scored reasonably well in this section with 55% scoring 4 or 5 marks but
careless errors and poor diagrams lost marks.

(i) Although many did score the mark for naming the force, the most common wrong
answer was ‘repulsion/repulsive’ followed by strong nuclear force (which is not on the
specification).

(ii) Too often the force was drawn acting on the nucleus and not on the alpha particle.

(iii) Again, candidates need to read the question which asked them to draw a path of an
alpha particle starting at the same place as the one in the diagram. Many didn’t do this.
Many candidates did not think about the overall result and that a metal with a greater
proton number would result in a greater deflection. Many candidates started their deflection
too late and ended up with paths that did not diverge.

(c) The diagram shows the path of an a-particle passing near to a single nucleus in the
metal foil.
nucleus
@
path of
a-particle
£

(i) Name the force that causes the deflection of the a-particle.

(ii) On the diagram, draw an arrow to show the direction of the force acting on the
a-particle at the point where the force is a maximum. Label the force F,

(1)

(iii) The foil is replaced by a metal of greater proton number.

Draw the path of an a-particle that has the same initial starting point and velocity
as the one drawn in the diagram.

(2)

ResultsPlus
Examiner Comments

This scored the marks for the force arrow but the paths of the particles
are parallel instead of diverging so a mark was lost here.
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(c) The diagram shows the path of an a-particle passing near to a single nucleus in the
metal foil.

nucleus

path o_f &
a-particle

(1) Name the force that causes the deflection of the a-particle.

8/€céros€av(?<~ R

(i) On the diagram, draw an arrow to show the direction of the force acting on the
a-particle at the point where the force is a maximum. Label the force F.

(1)

(iii) The foil is replaced by a metal of greater proton number.

Draw the path of an g-particle that has the same initial starting point and velocity
as the one drawn in the diagram.
(2)

ResultsPlus

Examiner Comments

This scores the marks for the path but the force is acting on the
nucleus so a mark is lost here.

GCE Physics 6PH04 01
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Question 14 (a) (i)

There were some very good circuits, with clear standard symbols, using rulers. However,
there were also a lot of sloppily drawn diagrams with components, often the switch, missing
despite the question telling them which components to use. A common error was to draw a
charging /discharging circuit with a two way switch where the capacitor charged without the
resistor being included. It is expected that at A2 candidates know the standard symbols but
we did accept some non-standard symbols if they were labelled. A circle with a Q in it is a
symbol for an ohmmeter and so this is not acceptable as a symbol for a resistor.

(a) (i) Draw a diagram of the circuit he should use.

rd

(

Plus

Examiner Comments

There is an expectation that at A2 candidates know that voltmeters are connected in parallel.

(a) (i) Draw a diagram of the circuit he should use.

suoteN

50 ﬁ i
a.C f—-}J Teagacies

T

5 S\STF
(e ol Lonere s

Plus

Examiner Comments

A common wrong answer. A circuit
which many candidates are familiar with
but not appropriate for this question.

It did score the mark for the voltmeter
being in parallel.

14 GCE Physics 6PHO04 01

ResultsP

Examiner Tip

A
Q us
The question was about how the potential
difference across the capacitor varied as it was

charging. The circuit drawn would have led to
the capacitor being instantly charged.




(a) (i) Draw a diagram of the circtit he should use.

Plus

Examiner Comments

An example of a circuit scoring both marks.

GCE Physics 6PH04 01 15



Question 14 (a) (ii)

A very large number of candidates scored nothing here because they think dataloggers
are more accurate or precise and many thought they were useful in this case because
they eliminate human reaction time when stopping and starting a stopwatch, which is not
the case in this type of experiment. A common given advantage was that it would plot
the graph which somehow implies that humans can’t plot a graph. Credit was given for it
plots the graph automatically. Some candidates seem to think that a datalogger records
readings continuously rather than at short time intervals. Many of the candidates have
misconceptions about dataloggers.

Question 14 (b) (c)

Although only 10% of candidates scored all 9 marks, over 70% of candidates scored 4 or
more marks.

(b) Generally well done; there were issues with powers of ten for some candidates, and a
few candidates could not rearrange the equation.

(c)(i) This was more straightforward than some candidates realised. Having been asked

to find the total charge, the use of the word average should have triggered that this was

a charge/time calculation. Apart from the power of ten errors again the common wrong
answer was to find the area under the graph. It is to be assumed that they did this without
thinking that potential difference x time does not equal current.

(c)(ii) The question clearly asked candidates to estimate the initial rate of increase of
potential difference, i.e. draw a tangent at t= 0. Many did not draw a tangent or drew one
at about t= 3 s. Because it is difficult to draw a tangent at t= 0 a wide range of possible
gradients was accepted. Some candidates also failed to convert the ms to s. Quite a few
candidates who did get a gradient within range, just could not work out how to get a current
and so left their answer as the gradient. It was this part of the question where most marks
were lost.

(c)(iii) Candidates could score both marks if they used their answer to (ii) with 5 V. Quite a
few candidates who did not score well in (ii) gained both marks in this section.

(b) Calculate the maximum charge stored on the capacitor.

—xf e  — cyT y
(m- oy \/ e e 0o w G Syt C
0¥

Charge F=5= e
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(¢) The graph shows how the potential difference across the capacitor varies with time as
the capacitor is charging.
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l T : T . e PN EmEEmmEE sma: . =
T - = Sl -
S i aRiE o REEEiESamsEENEASEES
IS FeREY SEa 1 T T THTITTY
5 S W BN NERN  INEEE SNSRN ERRE VENS
AN DN P Rsan e
4 s 1 L I
T THHH T is ESEEaREa! | T
> i i 1 1 10T 1T ot 18 o 1 i !
— 1 31X - Ef AN . T { 3 1
i - 1 : Mt 1 HH T =veal + =t
3 i i 1 L L . A S *li I1| L
H | L am 1 H = Ly {
. i s HHH : r t
I RS } s 1 . N B [ I i RassRinl aan i
: na) IR B i min ;']’_ | -l— Tt ,'_I'
o JEtH oA RRRE Sl n e ans F rhH RS maS 0
' AR T T 3118
BN N g IR I 4 d I ENE N naw
=] Hk j i ; -
a 4L /i R R SPAEE SR NN TR
4 1 - doltat . T
| s : Eas i o 4 e bR
I 1l ) L }
y & WL hrrrn r 1 Ft e
! H (B3 NS N I i b S
i 1 + HHH- HHT H T +H
J/ARSERaRd ISREISas m R R SRR AaEuE sRaaEiEas
1 I {l I I R . I I 1T . Il
0 L i 1 | o= a a =

Time / ms

(i) Estimate the average charging current over the first 10 ms.

I— Q T'- _C'_-\L I WU!‘W +95 (2)

- ~05

OOZSf*

Average charging current = 0. QZgA

(i) Use the graph to estimate the initial rate of increase of potential difference across
the capacitor and hence find the initial charging current.

GCE Physics 6PH04 01
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(iii) Use the value of the initial charging current to find the resistance of the resistor.

R- %L R g

(2)

3 @_wuﬂ”'

2.05°W e :
S5
R 1400

Resistance =

ﬁ ResultsPlus

Examiner Comments

(b) correct: 2 marks.

(c)(i) This was often seen, where the answer was divided by 2.
The candidate presumably thought that the maximum current
has been found because the maximum charge had been used. 1
mark.

(c)(ii) No gradient drawn, candidate has assumed the initial part
of the graph is straight. This allowed 1 mark for the gradient
but the range for the value of resistor was based on candidates
drawing a tangent and not assuming it was straight. 1 mark.

(c)(iii) This candidate has used 5 - 1.4 V. The 1.4 V is the
potential difference used in (ii) so candidate has used a
potential difference and scores 1 mark for 'use of ' the equation
but not the answer mark.

5 marks scored in total.
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(b) Calculate the maximum charge stored on the capacitor.
2)

(c) The graph shows how the potential difference across the capacitor varies with time as
the capacitor is charging.

5
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Time / ms

(i) Estimate the average charging current over the first 10 ms.

(2)

Average charging current = OO A.L
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R=%F = 6w =202

(ii) Use the graph to estimate the initial rate of increase of potential difference across
the capacitor and hence find the initial charging current.
(3)

Gm&mni%ﬁ«&kmkﬁ’o N

Initial charging current =OZI)’F\,
(iii) Use the value of the initial charging current to find the resistance of the resistor.
2)

Resistance = %IZ R

ResultsPlus

Examiner Comments

A model answer, gradient drawn, all calculations correct and all
units included. This scored the full 9 marks.
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Question 15 (a)

This was generally well answered with 63% of candidates scoring 3 marks and 26% scoring
2 marks. Where a mark was lost it was because the spacings were not even or because the
candidate had only drawn the field over part of the region, usually one side or other of the

drop.

For a particular experiment, a p.d. of 5100 V was required to hold a drop of

mass 1.20 x 10" kg stationary.

2.00 cm

Y\

)

+5100 V

4

foi] drop

(a) Add to the diagram to show the electric field lines between the plates.

ov

(3)

A model answer scoring all 3 marks.

Resung

Examiner Comments

us

This candidate has used a ruler which ensures that the
lines are straight, parallel and evenly spaced.

ResultsP

Examiner Ti

For a particular experiment, a p.d. of 5100V was requiréd to hold a dI.'IO]) of

mass 1.20 x 10" kg statiomary.

© 2,00 cm|

+5100 V

oil drop |

(a} Add to the diagram to show the electric ﬁeld‘lineé between the plates,

ov

3

the field.

ResultsPlus

Examiner Comments

Not seen often but some candidates thought that the oil drop
would affect the field. This scored 1 mark for the direction of

GCE Physics 6PH04 01
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mass 1.20 x 10" kg stationary.

For a particular experiment, a p.d. of 5100 V was required to hold a drop of

2.00 cm

8

+5100 V

Y @————————— oil drop

d

ov

(3)

Examiner Comments

Common answer, still scored 2 marks.

GCE Physics 6PHO04 01




Question 15 (b)

819% scored the mark.

Question 15 (c)

Most candidates correctly identified weight/W/mg. Many lost the second mark by failing to
identify the type of upward force. Many referred to it as an attractive force. Interestingly
hardly any referred to it as a repulsive force. Some candidates labelled it as EQ without
defining the symbols.

! (¢) Complete the free-body force diagram to show the forces acting on the oil drop. You
should ignore upthrust.
(2)

ta

| ('w}:\i )

ﬁ ResultsPlus
Examiner Comments

In free body force diagrams there is always a weight force so
we do accept mg or W as a label. However for other forces it is
necessary to use words or, if symbols are used, to define the
symbols.

GCE Physics 6PH04 01 23
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(c) Complete the free-body force diagram to show the forces acting on the oil drop. You
should ignore upthrust.

Atbadtion 5 +ve. plets.

(2)

ﬁ ResultsPlus

Examiner Comments

A common wrong labelling for the electric force. At A2
candidates have studied fields and should appreciate that the

effect of both plates is to create a field which exerts a force on
the oil drop.

GCE Physics 6PH04 01




Question 15 (d)

(i) Nearly all candidates converted the 2 cm to 0,02 m and the majority obtained the correct
value for E the electric field strength. Those who did not get the value of E were those who
used 1 cm as the value of d presumably assuming it was the distance of the drop to a plate
rather than the plate separation.

Strong answers then proceeded to find the force on the drop due to this field in terms of Q
and equate it to the weight of the drop. Weaker responses, where candidates perhaps did
not understand the need to use two equations, chose to use E= kQ/r? which is incorrect.
The formula which had to be used was EQ = mg but that does not appear on the formula
sheet. The key was in the question where they were told that the p.d. is adjusted until the
drop is stationary i.e. balanced forces.

(ii) Most candidates scored 1 mark for realising that they had to divide their answer to (i)
by 1.6 x 10*°C. However, some failed to realise that electrons are quantised and left their
answer as 2.9 electrons. Where mistakes had been made in (i) they often arrived at a
minute fraction of an electron or millions of electrons. Candidates did not seem bothered by
this and made no effort to recheck their earlier work

(d) (i) Calculate the magnitude of the charge on the oil drop.

{4)
— e e
= 5.0 = 455000 . F=onO . F=1sc™ . 9.8)

. R F= |- .\.8...-.'.\.0-‘?.‘1\1 o
LA S

Co
Lo Q-7 Qi

-\9
Charge =t4 . CLx\O ¢
(1i) Calculate the number of electrons that would have to be removed or added to a
neutral oil drop for it to acquire this charge.

(2)

Orev B0 s Lesot') = 2.%9

Number of electrons = 3

ResultsPlus

Examiner Comments

A model answer, well laid out with equations written in symbols
and numbers.
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(d) (i) Calculate the magnitude of the charge on the oil drop.

2 mgy s 120 "x9 8= 11772 X0 3N

E-V-890 - 28Sec0Vm”
o ooz

E-"q. Q- ESF OO0 X1 FF2x 1073
RO x (O7FC

(ii) Calculate the number of electrons that would have to be removed or added to a
neutral oil drop for it to acquire this charge.

______________ Rx0") =+ (Lox (O D
= 1182 % (0" elections added.

ﬁ Plus
Examiner Comments

This candidate has understood the physics and is using the
correct equations but fails to rearrange £ = F/Q correctly
losing two marks. This answer then leads to a ridiculously

high number of electrons which is not queried and so only the
'use of’ mark is awarded.

(2)

Number of electrons = 1' SBX, l O"
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Question 16 (a)

This question provided excellent discrimination with marks 1, 2 and 3 each being achieved
by about 30% of the candidates. Virtually all candidates realised that this question was
about electromagnetic induction but candidates continue to have many misconceptions
about this topic such as the current being induced in the iron core. Very few candidates
identified that the iron core would become magnetised and/or would increase the magnitude
of the magnetic field that the coil was in. This meant that very few candidates scored the
full 4 marks. Although many candidates had an idea about how this was working, they were
often not specific enough in their language or in the basic physics principles involved. Some
candidates were just regurgitating their notes without addressing the context. For this sort
of question a logical flow of steps is important which is why candidates need to think about
the context and not just write down key words or phrases. We did accept references to flux
cutting but since this was a static situation, candidates should have written about the coil
being in a continuously changing magnetic field.

T N e rodess o allermabg . wiagucke Jnu e )
WA paked \~\rwjb\ Qe o0 for  onad  mdles Banam dhcko;%ﬁnk

The A\w- ks Y ol -,! W wasale  Ha \’W‘ pned . becorsd
Yo  Garreab 18 mum‘d@j LM 8 e c‘tm,,:.]{ M He mjm,:u
g\w an«\j\: .

Tha (,\/w\-rljt ™ Mﬁm JW uges o c‘.'--mi. P T L

| . .4t
ww’sww;\.m.j ks cmj EBel TR

ﬁ ResultsPlus

Examiner Comments

An example that scores all four marks. Since so few candidates
referred to the magnetic effects of the iron core, it was decided
to accept the reference to the core becoming an electromagnet
as sufficient for this paper.
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<Eﬁ ResultsPlus

Examiner Comments

This scored 2 marks and was a typical answer. There was a
stand-alone mark for using the phrase 'induced e.m.f." which
was awarded, even as in this case, where the induced e.m.f is
in the wrong place.

Thare (5. onC.. Cfvenk  in 8re wire B’mai-rf‘sb.dﬁﬂ Lested., .
S6..0n aUﬂMbng Wé{a Pﬂzﬁi s present cdeund_the wur,
The. . magnebic Culd (s cat cjéh ol of ke and
05 o pesully  on emf (s aducd i G wirne. The
ows host@ e cloed g erdr per  the asup - Clap
0 e o complefR. cucudl .

ResultsPlus

Examiner Comments

Another common answer where everything the candidate has
said is correct; there is just no mention of the iron core.
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Question 16 (b)

54% of candidates scored this mark. Common errors were to say that a direct current does
not produce a magnetic field or to refer to the initial change in magnetic field as the current
is turned on/off. Some candidates merely stated that an e.m.f. needs an alternating field
(true) but did not state that the direct current produces a constant field.

(b) State why the amp-clamp cannot be used with a steady direct current.
(1)

/Zoméa!wa}p%_é’aéa;e

ResultsPlus

Examiner Comments

The mark is awarded for the first line.

(b) State why the amp-clamp cannot be used with a steady direct current.

A dueck ot
MZ&?{@%? /zxf?“m ‘

ResultsPlus

Examiner Comments

A common Wwrong answer.

A
Q ResultsPlus
Examiner Tip

Think of the physics. (a) was about an induced e.m.f.
which requires a changing magnetic field. All currents
produce a magnetic field but the field of a direct
current is constant which is why the amp-clamp does
not work.
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Question 16 (c)

This was very poorly answered with only 10% of candidates scoring any marks. Most
candidates seem to believe that mains appliances run on DC and that insulation stops
magnetic fields. Currents being too small was another favoured option.

(¢) The amp-clamp cannot be used with a cable that is used to'plug a domestic appliance
like a lamp into the mains supply.

Explain why not.
(2)

Ml cable  eabming o e  ard  neob| wire Eady heve ha
_Same.  cosrear bk in oppesite  direckiens o  Yuelr aamebe

Foalds  weold  coacel  eagh oMer  od¥ s flese_ g nde(*'--@. kA

ResultsPlus
Examiner Comments

Not often seen but this is a model answer scoring both marks.

(c) The amp-clamp cannot be used with a cable that is used to plug a domestic appliance
like a lamp into the mains supply.

Explain why not.

- (harembs. U» haomd o hal ressbmee. VTR o Toak ), T small

Plus

Examiner Comments

A typical incorrect response.
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(¢) The amp-clamp cannot be used with a cable that is used to plug a domestic appliance
like a lamp into the mains supply.

Explain why not.
(2)

“The. Mans Sumlgj o &z Orect Qurent, Which
Coutde. .on Non.- choaguy Magﬂdfcﬁ'dd,hﬁnm, no.&.MF
Con  be  cluced.

ResultsPlus

Examiner Comments

It was rather concerning how many candidates wrote that mains
electricity is DC.
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Question 16 (d)

Candidates found this section very hard, reinforcing the idea that candidates find this topic
difficult. They managed reasonably well in section (a) because it fitted the pattern of similar
questions that have been set in the past and the use of a few key words/phrases meant
that at least some marks were gained. When candidates get to the last part of a question
they should go back and just remind themselves what the question is about. In this case it
is using the amp-clamp to measure the current in a live wire. For (d)(i) we were looking for
the link between measured e.m.f. in coil and current in live wire. Some candidates who did
understand what was being asked did not gain credit because they simply said the current
affects the flux/e.m.f. Faraday’s law was often quoted but not related to the current that
produces the flux. In (d)(ii) we did accept just the idea that a different frequency would
affect the e.m.f. but candidates really did struggle here and were unable to separate out
ideas of current/field/e.m.f. to give logical answers.

(d) (i) Explain why the amp-clamp can be used to determine the magnitude of different
alternating currents with the same frequency.
(2)
' U o) ; 'c L‘ o
My OB AN ST c»\\wgw T T B A T VT

(

(eidd s ® t‘.\.-wk«ll. k.. 0. \m,yu- vl . Lo \ee
enoal S R \ovop Veuday . Gasa. 9 oty

(ii) The amp-clamp may not be reliable when comparing alternating currents of
different frequencies.

Suggest why not.

a [&\(ﬂ\, Qv%umb WA Oerale o \u\-gev
ant ... Oxs bl e ike.n \u\.ge v Ok
possiwy . neodn .\ oy Ve Vol A
[N \ecuise Qae taxuhd \oe a. Sl W [w

(—; (1) fiw\';r z Rﬂ
pa

A
R D
ﬁ Resultslus Q Eisuuﬁ, us

Examiner Comments

The stem at the start of a question is

Very few candidates scored all four marks important. As you work through a question,
but this one did with a clear |Ogica| answer keep going back and remind yourse|f of what
showing an excellent understanding of the the question is about.

physics.
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(d) (i) Explain why the amp-clamp can be used to determine the magnitude 01 different
alternating currents with the same frequency.

L)

(

’,ff Pt 15 o g et , M jdoted e/:/

)

D de grel yod s M vilige reuding uili de Ao

(i) The amp-clamp may not be reliable when comparing alternating currents of”
different frequencies.

Suggust why not.

¥ ﬁ A‘- abhb. ) {Z). ‘s

_"F?!&__’.Z.'Acmwg. ﬁ-.- fra?mc ol 1a0ene /L

m_f 540 Gt s _‘2 ln-,oamb& 6 &Efﬂt(«g ﬂp /'anfmlv
o e wmsd

ﬁ ResultsPlus

Examiner Comments

This response scored 1 mark in each section. In (i) there is no
mention of flux which is what links the current and the e.m.f.
but at least there is understanding of the relationship between
the current and e.m.f.

In (ii) there is realisation that changing the frequency affects
the e.m.f. but there is not enough about the two variables which
affect the e.m.f.
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Question 17 (a)

Only 16% of candidates managed to score both marks for the explanation of conservation
of momentum. A common error was to omit the requirement to have no external forces.
However, for the first marking point a common answer was to say ‘the momentum before
a collision is the same as the momentum after a collision’, with no reference to total/sum
or a system. Candidates should realise that since they have been asked to explain what
conserved means, they should not use it in their answer. ‘Conservation of momentum
means that total momentum is conserved’ does not gain any marks.

17 (a) Explain what is meant by the principle of conservation of momentum.

Tk rMions “‘vr\L !'Lli_ At.vé 1,1. ""Li-‘r“li‘./bll W™ E’:ejnrf Moy <¢)W\L !i\‘i
kobol.. roewsbim,. adber. .. Prodd.. bk, te. ekl bories
Al Ml?»‘\b

ﬁ ResultsPlus

Examiner Comments

This scores 2 marks. Although the use of the word collision/
explosion was not insisted on, there did need to be a sense of
an event happening so the use of the words before and after
were sufficient.

17 (a) Explain what is meant by the principle of conservation of momentum.,

}Z: e W/m.

& ResultsPlus
Examiner Comments

This scored no marks. There is no sense of an event; this
answer imples that momentum just randomly moves form one
object to another.

A
ResultsPlus
Examiner Tip
This is a definition that can be learnt.
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17 (a) Explain what is meant by the principle of conservation of momentum.

o T3

Examiner Comments

A common answer that scores 1 mark.
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Question 17 (b)

This section with a total of 6 marks provided excellent discrimination with a good spread of
candidates over the mark range.

(i) This was the most difficult part of this section with only about half finding the correct
speed. The difficulty was in finding a suvat equation that did not have acceleration in it.
Able candidates used v = s/t to calculate an average speed and then doubled it to get
the initial speed. However, the common wrong answer was to give the average speed
(0.53 m s71) as the answer.

(ii) Again about half of the candidates got this mark. Some wrote that they assumed the
acceleration was zero which was justification for their answer to (i) but completely wrong in
the context of what was actually happening.

(iii) The majority of candidates scored three marks here. A common mistake was to omit
to add the mass of the pellet to the mass of the car for the momentum after collision. The
majority of candidates who found the speed in (i) to be 0.53 m s~! used the ‘show that’
value of 1 m s7!, which was sensible. Some candidates did use the 0.53 m st value in their
calculation and this led to a pellet speed of 62 m s™!. If they had left that as their answer
they would have gained 3 marks for an error carried forward. However, having been happy
to get about half the ‘show that’ value for (i), they did not like getting half the ‘show that’
value for (iii) and randomly doubled their answer, thus losing a mark.

(b) The picture shows a toy car initially at rest with a piece of modelling clay attached to
it.

A student carries out an experiment to find the speed of a pellet fired from an air
rifle. The pellet is fired horizontally into the modelling clay. The pellet remains in
the modelling clay as the car moves forward. The motion of the car is filmed for
analysis. '

The car travels a distance of 69 cm before coming to rest after a time of 1.3 s.

(i) Show that the speed of the car immediately after being struck by the pellet was
about 1 m s,

(2)

e\

\J:O

(11) State an assumption you made in order to apply the equation you used.
(1)
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(iii) Show that the speed of the pellet just before it/éollides with the car is about
120 m s*!

mass of car and modelling clay = 97.31g

mass of pellet = 0.84 g \
3)
L 08l (o))
o s ) - g ) (Loe)
v, = 0A0RC  =[\TU mg
o_wvlm.o"‘
ResultsPlus
Examiner Comments
A model answer, well laid out, scoring all 6 marks.
(b) The picture shows a toy car initially at rest with a piece of modelling clay attached to
it,
A student carries out an experiment to find the speed of a pellet fired from an air
rifle. The pellet is fired horizontally into the modelling clay. The pellet remains in
the modelling clay as the car moves forward. The motion of the car is filmed for
analysis,
The car travels a distance of 69 ¢cm before coming to rest after a time of 1.3 s.
(i) Show that the speed of the car immediately after being struck by the pellet was
~about I ms™.
(2)

(ii) State an assumption you made in order to apply the equation you used.

Vele ok 73 Constad

(1)
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(iii) Show that the speed of the pellet just before it collides with the car is about
120m s’

mass of car and modelling clay = 97.31g
mass of pellet = 0.84 g

ﬁ ResultsPlus

Examiner Comments

(i) A common incorrect answer.

(iii) The candidate has added the mass of the pellet and has
used the 'show that' value, scoring 3 marks. It would have
been better to show the addition of the 2 masses in case of an
arithmetic error.
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Question 17 (c)

(i) Not many candidates really understood why the speed of the car would now be greater.
Most realised that it was to do with momentum and so scored at least one mark. Many
focused on the fact that the pellet was no longer imbedded in the clay and so said that
because the mass was less, the speed was greater. Since the question told candidates that
the car was moving faster, there was not a mark for saying that the momentum of the

car was greater. Even those candidates who realised that the pellet now had a negative
momentum were unable to explain that the pellet had undergone a greater change in
momentum. Some candidates wrongly thought that the second collision was inelastic and
answered this part in terms of energy, scoring no marks.

(i) This was difficult to explain concisely and although candidates perhaps had an
understanding of why the car would move faster, few were able to express themselves well
enough to gain the mark.

(c) The modelling clay is removed and is replaced by a metal plate of the same mass.
The metal plate is fixed to the back of the car. The experiment is repeated but this
time the pellet bounces backwards.

*(i) Explain why the speed of the toy car will now be greater than in the original
experiment.
(3)

—"Snmz‘éafy/éf&m@r tbacbwand) oo
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(ii) The film of this experiment shows that the pellet bounces back at an angle of 72° 22°
to the horizontal. ,

Explain why the car would move even faster if the pellet bounced directly

backwards at the same speed.  _ L o o,‘un{?fb'ﬂfa’%@t[(@/ "
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ﬁ ResultsPlus

Examiner Comments
(i) A rare example of an answer that scored all 3 marks.

(ii) The idea of horizontal and vertical is there but refers to velocity whereas the answer should
have been in terms of momentum or force so the mark is not awarded.
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(¢) The modelling clay is removed and is replaced by a metal plate of the same mass.
The metal plate is fixed to the back of the car. The experiment is repeated but this

time the pellet bounces backwards,

*(i) Explain why the speed of the toy car will now be greater than in the original

experiment.
3)
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(ii) The film of this experiment shows that the pellet bounces bac
to the horizontal.

Explain why the car would move even faster if the pellet bounced directly
backwards at the same speed. a
)

Examiner Comments

Bouncing backwards is not sufficient evidence to determine
that a collison is elastic (this was not). This response scores no

marks for (i)
(ii) Angular momentum is not on the specification.
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(¢) The modelling clay is removed and is replaced by a metal plate of the same mass.
The metal plate is fixed to the back of the car. The experiment is repeated but this
time the pellet bounces backwards.

*(i) Explain why the speed of the toy car will now be greater than in the original
experiment,

3)
e PUL wm.g}{\ub‘ow/\c\n&loac&ww A

Nmms‘rlr{. MmoveAluas. OF W8 Cor mnUSN
e ANCLRASR. XS noAn oA OO S
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(ii) The film of this experiment shows that the pellet bounces back at an angle of 72°
to the horizontal.

Explain why the car would move even faster if the pellet bounced directly
backwards at the same speed.

(n
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ﬁ ResultsPlus

Examiner Comments

(i)This candidate has the idea of negative momentum but omits
the significant comment about the change in momentum of the
pellet being larger.

(ii) The candidate fails to say that the horizontal component of
momentum would be greater.
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Question 17 (d)

This question was a good test of candidates’ ability to work through an argument in a logical
manner. It required them to realise that the calculations worked backwards from the end
situation and it was only the weakest of students who did not. As ever, care in reading the
question is important; the question said that all calculations were correct and the table of
data had the mass of pendulum and pellet. However quite a few candidates said that the
mass of the pellet had not been used in the calculation and so the calculation was wrong.
For a question like this candidates need to take an overview and think about what is most
important. Some said the KE after impact should be greater because air resistance had not
been accounted for: but for a pendulum starting from rest and rising 22.6 cm, air resistance
is going to be negligible. Most candidates realised that it was not an elastic collision but
they often wanted the difference in KE to have been transferred as sound whereas an
increase in thermal energy is the most significant change. Very few candidates followed the
argument through to the end to say that the KE of the pellet before impact was greater than
0.16J.

(d) The student tests the result of the first experiment by firing a pellet into a pendulum
with a bob made of modelling clay. She calculates the energy transferred.
'_--'h-_.——h—--

L string
/ﬁ“o %\'— modelling clay ’
\ .
N
The student’s data and calculations are shown: \__ ™
“A
Data " Y
mass of pellet = 0.84 g - \O

mass of pendulum and pellet = 71.6 g
change in vertical height of pendulum = 22.6 cm

Calculations
change in gravitational potential energy of pendulum and pellet
=716 x 10°kg x 9.8 Nkg' x 0226 m=0.16]
therefore kinetic energy of pendulum and pellet immediately after collision = 0.16 ]
therefore kinetic energy of pellet immediately before collision = 0.16 )
therefore speed of pellet before collision = 19,5 m s~

There are no mathematical errors but her answer for the speed is too small.

State and explain which of the statements in the calculations are correct and which

are not.
(4)
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was. el ekt e D covoened. Tadput {ralk ooy s
OlBON ey quabel han apher (b, Ty bobh fig 2ahnd Yl e g igeed”
Yl m puel e sitoakyn The weard, Aphb vt ey o ol loppad
colbion s uhgaales fan 066, £=Lpm T bene, wolocitys putleh 3o puishe

GCE Physics 6PH04 01



ResultsPlus

Examiner Comments

This scores 2 marks for the idea of inelastic collision and the statement
in the last line that the KE of the pellet was greater than 0.16J].

(d) The student tests the result of the first experiment by firing a pellet into a pendulum
with a bob made of modelling clay. She calculates the energy transferred.

LLLLLLLL

string

.7 modelling clay

The student’s data and calculations are shown:

Data

mass of pellet = 0.84 g

mass of pendulum and pellet = 71.6 g

change in vertical height of pendulum = 22.6 cm

Calculations
change in gravitational potential energy of pendulum and pellet
=71.6%x 10°kg x 981 Nkg' % 0.226 m=0.16]
therefore kinetic energy of pendulum and pellet immediately after collision = 0.16 ]
therefore kinetic energy of pellet immediately before collision = 0.16 )
therefore speed of pellet before collision = 19.5 m s

There are no mathematical errors but her answer for the speed is too small,

State and explain which of the statements in the calculations are correct and which

are not.
(4
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ResultsPlus

Examiner Comments

This scored 3 marks. There is no clear statement that
the energy before collision is greater than 0.16J].
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Paper Summary
Key points to help candidates improve their performance are:

e Think carefully before applying the first equation that comes to hand. Some calculations
are multi-stepped. You may have to combine 2 equations so there is not always an
equation on the formula sheet that will enable you to do the calculation in one go.

e Thoroughly learn key facts and definitions.
e Read the questions carefully and answer the question that is asked.

e For context based questions, always think for a moment before starting to answer the
question.

e For long questions as you move through the various parts, reread the stem of the
question to remind yourself what is says.
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Grade Boundaries
Grade boundaries for this, and all other papers, can be found on the website on this link:

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