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Introduction

The paper provided some challenges to candidates. Although most candidates found some
parts difficult, all of the marks were awarded to some candidates. Marks were often lost due
to lack of detail. This paper contained a number of questions where a result was given and
the candidates were asked to justify it. Often the answers given lacked a sufficient number
of physics points. Although a candidate might want to repeat what is said in the stem of a
question to complete their answer and this is to be encouraged, candidates should realise
that just repeating what has been given will not gain marks. There were also a humber of
questions where it was obvious that candidates had not read the question properly.

Section A

The response to the multiple choice questions was generally good with 5 of the questions
having over 70 % correct answers and only 1 with less than 40% correct answers.In order
of highest percentage correct they were, Q6 (89%), Q8 (87%), Q4 (84%), Q9 (76%), Q7
(74%), Q10 (50%), Q1 (46%), Q3 (46%), Q5 (43%) and Q2 (25%).

Q2 was a vector diagram and candidates needed to realise that the combined effect of 1
and 2 was the same as the combined effect of 3 and 4, hence C was correct. Q5 required
students to realise that in a motor, as soon as the coil begins to turn in a magnetic field, an
induced e.m.f. opposes this and has the effect of reducing the current but not to zero. Q3
has a bus going around a bend exerting a force on a passenger towards the centre of the
circle.
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Question 11 (a)

Many candidates concentrated on the uniform part of the question rather than the field and
so consequently scored only one mark. It was disappointing to see how few candidates
could accurately describe an electric field as an area/region where a charged particle
experiences a force. Some candidates need to realise that the field lines are used to
represent the field, but are not themselves the field.

11 (a) Explain what is meant by a uniform electric field.
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Examiner Comments Examiner Tip
This scores two marks for the region of space where Be careful not to write too much, this
a charged particle experiences a force and the part doesn’t ask how to produce a
second mark for the field strength being constant. uniform field, that is in the next part,
so time is wasted writing about it.

11 (a) Explain what is meant by a uniform electric field.
(2)

(o fretl)
A __U’_‘"Sc'”'_' _elechre .Sff-ld AT o ?j spase, akgh be hvern

Opmikfj Lhwﬁtn\. eleciode) . . fmemm accon. . o poleahal aﬁmuz.

Tie elechys \Yttfd s‘-rQﬂjH" N comlmat at all r)o.‘nh in e Treld, ..

A
@ ResultsPlus

Examiner Tip
This candidate does start by mentioning This scored zero. Strength is not good enough
a region but fails to talk about the effect for 'electric field strength' and although a
on a charged particle. It scores the region is mentioned, it should be related to a
second mark for the constant electric force. Depending on other forces, the particle
field strength. may or may not accelerate.
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Question 11 (b)

Some candidates having used the parallel plates to answer (a) did not restate it in this
part and often just referred to two plates. The question asked how a uniform field could

be demonstrated in a laboratory and so there was an expectation of the candidates saying
something like 'connect a power pack to two parallel metal plates'. That would have scored
2 marks. A diagram was acceptable for these two marks. Not many candidates scored the
third mark possibly because they had never seen this demonstrated.

(b) Describe how a uniform electric field can be demonstrated in a laboratory.
(3)
Sem olram

_.qppgrn‘*ﬁs...nm.{.'c.c{.:..?ﬁmﬁ'ﬁ ol o bowl, A Plaler. aed. Seien Porder..

Clrewit ewmd Cell

7 Canneshing .. e Plafer. #5. & Cireil. e _Conc_.resaﬁ-:__ ene.
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Maletubes . an.. e dicechon. of the fielel showisd fhat ke

Lreld MJ}L— 3. Colal:

(Total for Question 11 = 5 marks)

“IUS

Examiner Comments

A example that scores three marks. The description of one
plate being negative and one positive, is not good enough
for the 2nd mark but the circuit diagram scores the marks.

:7? ResultsP

Examiner Tip

us

Diagrams are often a very good
way of answering a question.
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(b) Describe how a uniform electric field can be demonstrated in a laboratory,

dt%ﬂa{mwcﬂﬁ.wle . M;»Je\.:j cm?l

-{}tucﬂl Hat... . accoisronkei e . ouecctO. .. ok 'a.gmnu-e._

p(m‘c. LA W ol COUTC AT 2

ﬂExammer Comments

This answer lacks detail, no mention of the plates being parallel
or of how the potential difference is achieved. Also just referring
to a charged particle is insufficient. This scored zero.

(b) Describe how a uniform electric field can be demonstrated in a laboratory.

Examiner Comments

The first sentence scores two marks.
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Question 12

This was a context based question where there was a hint to candidates that a current
produces a magnetic field and they were told that there is a force of attraction between the
two wires when the currents are in the same direction. Because they were told this, there
was no mark for candidates who said that the force on wire 2 was upward and the force

on wire 1 was a downward. Many answers lacked detail, jumping straight from the wires
producing a magnetic field to the force acting on the wires. Five marks means five different
physics points are required. Hardly any candidates said that each wire was in the magnetic
field produced by the other wire or that a current carrying wire in a magnetic field can
experience a force.

*12 In 1820 Hans Oersted did an experiment with an electric current in a wire. He noticed
that whenever the current was on, it affected a compass needle lying near the wire.

A few years later, André Ampere observed that two parallel wires attract each other if
they are carrying current in the same direction.

Y Fagfilt
v

wire 1

> wire 2
I ..\Dx n\aj ]."f(d )

Wik 2
Explain André Ampere's observation. You may wish to add to the diagram.

The curveal c¢n ‘he wires produces < clockuse
a.jm,ﬁc, f‘\d&(s(‘w shown¥ Jor wwe () B Thi
I'w ChO5ES the cecond wire at 0°, bj
Flemiugs LeH’ hawk m(e, this caases o
fome 1o befeu‘ 0N, wise 2 . be oluedin
O]F W cwle T“Le 753 true,
when C,answf [-\eu_ trducel 'oj
wu-eff Tle fbme (smf-‘j F (Onasely Clog(ter
W

An example of an answer that scores 4 marks. The phrase
'a clockwise magnetic field' is not enough for the current
because it is not related to a current direction but the
F diagram around wire one and the one below are both
good enough for this mark. This candidate makes a clear
statement that the field of one wire, crosses the other
wire. The only point not awarded is the statement about
the conditions necessary for a force.

5 |
47? ResultsPlus

S Examiner Tip

We accept without labelling the convention that a cross indicates a current
into the page and a dot, a current out of the page.
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DZExammer Comments

*12 In 1820 Hans Oersted did an experiment with an electric current in a wire. He noticed
that whenever the current was on, it affected a compass needle lying near the wire.

A few years later, André Ampere observed that two parallel wires attract each other if
they are carrying current in the same direction. _

I .a-f%d{

> G wire 1
> {}FJWM wire 2
L -

Explain André Ampere’s observation. You may wish to add to the diagram.

T T TV VT T S—

AT __/M;c ditmlec o fw Lt o y.....
B on Wie |: Brfied on b 3 -

Tl”“ﬂ Wl mrw,r qa(i waz

This candidate tries to draw the magnetic field around the wire
but unfortunately you can’t tell if the arrow is going down at the
front or the back so this only scored 1 mark for the existence of
the magnetic field. In the diagrams below there is no indication of
current direction so again the mark for direction is not awarded.

OO ResultsPlus

Examiner Tip

Make sure your diagrams are clear. A small gap
can indicate where the field goes behind the wire.
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*12 In 1820 Hans Oersted did an experiment with an electric current in a wire. He noticed
that whenever the current was on, it affected a compass needle lying near the wire.

A few years later, André Ampere observed that two parallel wires attract each other if
they are carrying current in the same direction.

¥ =

wire |

wire 2
I

Explain André Ampere's observation. You may wish to add to the diagram.

W adfecked by s IAY .
o wmagnabic. ieldd, AN
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Examiner Comments

Unfortunately some candidates tried to use the wrong

physics and answers like this about an induced e.m.f.
were not uncommon.

Q ResultsPlus
Examiner Tip

Think about the situation before you start writing. For
an e.m.f. to be induced you need either a changing

magnetic field or relative movement neither of which
are in this question.
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Question 13

This question was generally answered very well with over 50% of candidates scoring the
full 5 marks. A humber of candidates made casual slips in their wording with the use of
reflected, bounced or rebounded instead of deflected. For the first mark some candidates
omitted the word straight and quite a few used free instead of empty for the 4th mark.
Rutherford's experiment established that the nucleus was charged and not that it was
positively charged. Since we now know that it is positively charged, we do not penalise
those candidates who say that, however those that merely say the nucleus is positive i.e.
miss out the word charged, do not get the mark.

*13 At the beginning of the last century, experiments were performed using alpha particles
and gold foil. The alpha particles were directed at the gold foil and a detector was used _ , ¢
to see if and where they were scattered. : (o

Summarise the results from these experiments and the conclusions that were drawn
from them.

<Eﬁ ResultsPlus

Examiner Comments

An example of a very good answer. This does not
mention anything about the mass of the atom but
because this question was a maximum five out of six
marking points, this answer scored five marks.

\
2@ ResultsPlus
Examiner Tip

Remember when there is a * in front of a question
or a question part, the quality of your written
communication will be assessed. This answer is very
well expressed and grammatically correct.
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*13 At the beginning of the last century, experiments were performed using alpha particles
and gold foil. The alpha particles were directed at the gold foil and a detector was used
to see if and where they were scattered.

Summarise the results from these experiments and the conclusions that were drawn
from them.
(5)

......M.ﬂ.&t....nj?..a.l.p.ha.....paIh’.ulns...pqas.cd...S.’le;.ctht.... Threughy. .t.hr;..cjald.....fml....u.n.m...j..
codeViatieds... 2 fow. alpha. pavtides. deflocted. amd. g.very few.....
o Al pha. Ppoparlicles. deflected. i beumced. eff With.. _ﬂ.'.r\.__a_mfg,__)__%‘_,
e TS c2 Mo e Imfented. Hhatl mpsk ef WM&&W
__________________'a_i:_e.nu____'.lg,_.___e_mthﬁ_,___spaL.e,_.____ Sinte. _..a\.PM_ 15 phsitavely chavged and
Lo Clied _...w.lne.'m.__.al?hq._.:.,«,.__.n.ea.r._._tas._._nw.l.ws.,._..__t he. nuclels. hnas....
v B RSN CHOY .. ....ﬁ.....VC-I%....E.I.W.. ..F.riﬁf.?.%r.ﬂﬁw...B.’{'....q.l..F.h..’.)...de_:H.umd
o ._.______i’,hm_u..q.h.._.l.a.r.:ﬁr;.___a.‘r\.q.\m_ oeave. et mass... ANA.charge. 18 ...
e Cntembrated in the . nudeus... . The nuclews has.. 8. massive..

LA

Another example of a full mark answer.

us

Examiner Tip

ResultsPlus (7/0\ -
Examiner Comments Q Resuns f_-,

This is not quite as well expressed as the
previous answer but it is still satisfactory
for the quality of written communication.
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Question 14 (a)

This question as a whole was a good discriminator. All candidates were able to access some
of the marks.

In (a) over 75% of the candidates were able to state that the magnetic field caused the
particle to move in a circular path but it was only 25% of candidates who went on to say
what could then be measured. The majority of those went for charge identification with
very few saying anything about momentum/energy/velocity. A common answer with weaker
candidates was to say that the magnetic field was necessary to force the particles to move
through the detector.

14 The photograph shows tracks in a particle detector.

}

...... chacged packelos b be dflbd o an ace. Thedie
....... and. adius oS the art. can be use 53 lelerm (re . MNPrente

My Twmlaie I-.c. arr Woce 0ol lnt bimnle VI cian smsndurnnd s m smnstlala santnn S

ResultsPlus

Examiner Comments

A two mark answer.
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14 The photograph shows tracks in a particle detector,

ResultsPlus

Examiner Comments

An unusual answer that identifies
the use but not the circular path.
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14 The photograph shows tracks in a particle detector.

(a) Explain the role of a magnetic field in a particle detector.
(2)

T poides. a. e on e vioving. charge TS poduces.........
cMﬁrmahEnaqum.ifdalmlmmn

ResultsPlus

Examiner Comments

ResultsPlus

Examiner Tip

The most common type of answer
that was seen, scoring 1 mark.

Only one piece of physics has been
given but the question has two marks.

lrﬁpsymma&msics 6PHO04 01




Question 14 (b)

The majority of candidates who realised that the radius of curvature decreased from X to
Y went on to talk about loss of speed/momentum/energy and so scored 2 marks. It was
unusual to award only 1 mark. Quite a few candidates did not read the question and only
considered what was happening between X and Y and tried to use what was happening at
the spirals to justify their answer. These candidates usually scored zero.

(b) Explain how you can tell that track XY was produced by a particle moving from
X to Y rather than from Y to X.
(2)

T radius  becopes smally  bowards ‘Y as fe

o palbicl.  Loses . momehum | Huiy s due o
donisation withia e bubble chambes .

Examiner Comments

A perfect 2 mark answer.

(b) Explain how you can tell that track XY was produced by a particle moving from
X to Y rather than from Y to X.

M X e optal s Bab He pdbid

o }i’ff;ﬁn,ﬁ hehon ju&)« | fff y

rdis v & Sen, P Y pduekon s
d@w&wbqj =

ResultsPlus

Examiner Comments

An example of an answer that scores 0.

OO ResultsP

Examiner Tip

Read the question, you only need to
look at the track XY and nothing else.

GCE Physics 6PH04 01
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Question 14 (c)

(c) Since the path of the particle is a curve, the force must be to the centre of the circle
i.e. force and direction of motion are in the plane of the paper, the expected answers for
the direction of the magnetic field were ‘out of the page’ (correct) and ‘into the page’
(incorrect). 60% got this right but that doesn’t mean to say that the other 40% said ‘into
the page’. There were lots of random answers such as ‘left to right’ and * north to south’.
Unfortunately quite a few candidates said upwards which we could not credit because it
might have meant towards the top of the page.

(¢) The particle that produced track XY was a n*. Deduce the direction of the magnetic
field in the photograph.

(D

ResultsPlus

Examiner Comments

An unexpected answer.

\

ResultsPlus

Examiner Tip

Direction of motion (current), force and magnetic field are
the three mutually perpendicular components of Fleming's
left hand rule. It is important to remember this.

(c) The particle that produced track XY was a n*. Deduce the direction of the magnetic
field in the photograph,
(n

ST NGRS QRAAES AN ARG VEXBCR. AU ROV 1

An example of an ambiguous answer. Vertical could mean out of the
page but it also could mean towards the top of the page. Students
should be encouraged to use the phrase into/out of the page.

GCE Phvsics 6PH04 01



Question 14 (d) (i)

Generally well answered, 46% of candidates scored 1 mark and another 44% scored two
marks. For the conservation of charge mark, something more than ‘it is neutral because
charge has to be conserved’ was needed. There had to be some mention of the actual
particles involved in this decay.

(d) At Y, the ®T decayed into a pr(zsmvely charged muon ()") and @ muon neutrino. The
u* has a very short range before decaying into various particles, including a positron
which produced the final spiral.

(i) Give two reasons why you can deduce that the muon neutrino is neutral.
(2)

L. Hemretrmiy.. ritihe. deckor can anly. deteck . chouged . poticles
G I the. phwtugroph., thare s only one. poti fir . tha. positrom .. Aw. path

e mon et B ino L
2. Duae to . conservation of Chorge ... T'L."..c‘s._pus.i.h‘ue. hor grd,..

RE = A Vet pns?fr‘vﬁ (/Mm,ecA '{’hue_fm-e oA €Mt

ResultsPlus

Examiner Comments

An example of a two mark answer.

(@) AT Y, the " decayed INO @ Positively charged muon (j17) and a muon neutrino. 1ne
p* has a very short range before decaying into various particles, including a positron
which produced the final spiral,

(i) Give two reasons why you can deduce that the muon neutrino is neutral.

-

us OO ResultsPlus

Examiner Comments Examiner Tip

This scores 1 mark for the no track comment.

Whenever there is a specific decay, you must
always refer to the particles and their charges
to justify conservation of charge.
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(a) ALY, the T decayed into a positively charged muon (U7) and a muon neutrino. ‘T'he

p* has a very short range before decaymg mto various partlclcs‘ including a p__ljmm
whxch produced the ﬂnal splral et

(i) Give two reasons why you can deduce that the muon neutrino is neutral,
(2)

Lo W2 A o Chamge. 1S conserved,.  The. qurfmwf befure. deaul is
L. m;,ﬁmu wrqe ofiee decay is 4| o4 well.  t1=ti+ U WYuze
Charge of mun redrine is zem beumse M7 Kot a. charge.. ot

2 The dr.mj..a‘i. MY pro daces m.._pﬁ.ibivd.a.j charged . peviten. . Charge is  contarved. .
Vo= et A Va2 Ve Ve Vs nesrad,

<@ZR€SU|(S@|US OO ResultsP

us

Examiner Comments Examiner Tip
An excellent answer for conservation There is no point repeating something
of charge unfortunately it is repeated just to fill a space. If you can't think of an
twice but only scores 1 mark. answer, it is better to leave it blank rather

than waste time repeating yourself.
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Question 14 (d) (ii)

The key to this question was noticing the discontinuity in the visible path at Y. Quite a few of
those who did notice this went on to discuss conservation of momentum and score the full
three marks. Unfortunately 40% of candidates scored zero on this part. Some candidates
worked out by a process of elimination that this must be to do with momentum having

dealt with charge and no track in (i) but couldn’t identify the relevant feature of the picture.

These candidates did score one mark.

(11) Explain the evidence trom the photograph tor the production of the muon
neutrino at Y,

Tha Track
Thate i6. "

<@Z ResultsPlus

Examiner Comments

A few candidates did notice the change in
direction of the path but couldn't relate it to
momentum. This scored 1 mark.

(11) Explan the evidence from the photograph for the production of the muon
neutrino at Y.

’Tdv S "ﬂé 5 Jou'?j A ‘fﬁ;. ??m;ﬂyr Af"*:o!’é" ? Tﬁ(.

(3)

pwéfs(ﬁ swrtre  pwl e /d_vr.rc«( . Covvee  tooramptunt
“ de

ResultsPlus

Examiner Comments

A 3 mark answer. Succinct and accurate.
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Question 15 (a)

Virtually all of the candidates recognised this question as an example of electromagnetic
induction but the most common mark gained was 2, for the idea of the magnet moving

and an e.m.f. being induced. At this level, on an A2 paper , there is an expectation that
candidates will use the phrase magnetic flux, however the most commonly used phrase was
either magnetic field or just flux. In this question, the magnet is moving relative to the coil
and so it is inappropriate to refer to the coil cutting the flux/field. There was a significant
number of candidates who were unable to identify what was causing the changes in the
magnetic flux with some attributing it to the stylus itself.

15 A vinyl disc is used to store music. When the disc is played, a stylus (needle) moves
along in a groove in the disc. The disc rotates and bumps in the groove cause the stylus
to vibrate.

Coil

Vinyl disc

The stylus is attached to a small magnet which is near to a coil of wire. When the stylus
vibrates, there is a potential difference across the terminals of the coil.

(a) Explain the origin of this potential difference.
(4)

5(--'_"_0& /95 H«- p«yno‘t wLR‘L ‘W A@ roJ___ __g'geﬁ'

ajf o JL( m?j“‘h X{u—y ["‘lﬁ' TLM ;-clb’-‘fs &n gf‘;‘,‘
- | mh’ H-e c.:f ’ﬂm f,gﬂ M.. m{ Mwve
ﬁ" _vLm'li"‘J fhe moce. 5’3 M wlawf oIM’ kb e |

S ResultsPlus

Examiner Comments

An example of an answer that scores 3 marks.
There is a reference to magnetic flux but this
candidate says that the coil is cutting the flux.

A
2@ ResultsP
Examiner Tip

A perfect answer would be:

us

'As the magnet moves, there is a change in the
magnetic flux through the coil which induces an e.m.f.

GCE Phvsics 6PH04 01



Question 15 (b) (i)

This was a well answered calculation with 60% of candidates scoring 2 marks. For the final
mark in any calculation, the calculation must be completed i.e. an answer left as a fraction
or including pi will not score this mark. When errors were made, it was usually candidates

using T as f or f as T and getting 11.4 radians per second and there were quite a few unit

errors with m s'being used.

Question 15 (b) (ii)

This was generally poorly answered with many candidates scoring 0. It is appreciated that
the understanding of what was meant by the encoded bumps was difficult and so the mark
scheme focused on the reason for this, i.e. the fact that the tangential speed nearer the

centre of the record was less than at the outside. Candidates who realised this and quoted
v = rw often scored quite well. Some candidates who used the equation, failed to say that
w remained constant. However, for a lot of candidates there was confusion as to what was

going up/down in this situation and often candidates wrote down contradictory statements.

There was also some confusion over the use of the word compression, as some candidates
took this to mean a reference to a force on the groove and so tried incorrectly, to answer
this in terms of centripetal forces.

(ii) As the stylus moves towards the centre of the LP the encoded bumps must be
fitted into a shorter length of groove.

Explain why the encoding of bumps in the groove becomes more compressed as
the stylus moves towards the centre.
(3)
udgu{-‘,}rj' Hoo.. #‘1&% (flwr*) beconix. MMHLW
ﬂm@ﬁm!@afw%@hﬁww

ResultsPlus

Examiner Comments

A model answer that scores 3 marks.
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UYna  vadins beceme  cmalier .

(ii) As the stylus moves towards the centre of the LP the encoded bumps must be
fitted into a shorter length of groove.

Explain why the encoding of bumps in the groove becomes more compressed as
the stylus moves towards the centre.

- _ v?
When X moves Tinods i comtr

(3)

. F WJ“lbcff‘f.m.@ fmfﬁjﬁﬂ’ Aot e
it will beame more  Cump retieo.

An example of a candidate who
misinterpreted the word compressed.

ResultsPlus

Examiner Comments
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Question 16 (a)

This was generally well answered. (a)(i) was a straight forward question about a capacitor
charging and the movement of charge around the circuit. There was quite a bit of confusion
with (ii) where again candidates did not read the question properly and assumed that the
question was asking about the capacitor discharging and its potential difference falling to
zero. For those candidates who did read the question properly, most of them scored only 1
mark. This is another example of the candidates being told what happens and so there is no
mark for just repeating what is given in the question. Candidates need to realise that the
capacitor was in series with a resistor and so they needed to either specify that the current

through the resistor was zero or do a sum of p.d.s around the circuit.

16 The diagram shows a circuit that includes a capacitor.

||
H

I
rl’

(a) (i) Explain what happens to the capacitor when the switch is closed.

gl b Hat ol K Powr Sepply.

(ii) The potential difference (p.d.) across the resistor rises to a maximum as the
switch is closed.

Explain why this p.d. subsequently decreases to zero.

Con Coohriu  R.....80..c;codnd P Cienad Pufore

r

VIR, and e Comat  decremes b O
Pl Sikseqguetty go.to. 0.

N
<Ij Resuits+lus

Examiner Comments

This scores 1 mark for (i) because the removal of electrons from
the positive plate is removed.

(ii) having established that the charged capacitor stops the
movement of electrons, the use of V = IR shows that the
candidate is referring to the resistor and this scored both marks.

GCE Physics 6PH04 01
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16 The diagram shows a circuit that includes a capacitor,

||
I [:
)

(a) (i) Explain what happens to the capacitor when the switch is closed.

(ii) The potential difference (p.d.) across the resistor rises to a maximum as the
switch is closed.

Explain why this p.d. subsequently decreases to zero.

Examiner Comments

This scores 1 mark only for the capacitor charging in (i)

Also 1 mark for (ii) since it doesn't say that pd + pd

supply - pdcapacitor resistor
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16 The diagram shows a circuit that includes a capacitor.

11
H

_—/,_4{

(8) () Explain what happens to the capacitor when the switch is closed.
(2)

(ii) The potential difference (p.d.) across the resistor rises to a maximum as the
switch is closed.

Explain why this p.d. subsequently decreases to zero.
(2)

ResultsPlus

Examiner Comments

An example of an answer that scores all four marks.

GCE Physics 6PH04 01

. Same._d> A poieasy) &w;m e el TR pmeans thane 8 ko p.d bodnsmy

de
O capadte gabt 4 me &r o e call P Meaing mo pd. dcon B

25



26

Question 16 (b)

This context question that was very poorly answered. As soon as a candidate sees
something about capacitance changing, they should find a suitable equation, in this case
C = Q/V. Candidates weren't expected to know if a change in capacitance would lead to a
change in V or Q so there were two alternative mark schemes allowing for either choice.
Too often we saw phrases such as 'changing the capacitance will change the charge'
without specifying exactly what changes occur. Just quoting the equation and giving a
specific change in capacitance linked to a correct change in V or Q would have scored two
marks. The next problem was that the majority of students chose to ignore the resistor
and assumed that the output signal was the p.d. across the capacitor. A large number of
students made no attempt to use an equation and just basically repeated what was in the
question. Marks were awarded for accurate points of physics even if they did not lead to the
fully correct answer.

*(b) One type of microphone uses a capacitor. The capacitor consists of a flexible
front plate (diaphragm) and a fixed back plate. The output signal is the potential
difference across the resistor.

Quter casing

Sound | —p D * Qutput
waves [T — —’ signal

L

Fromt plate Back plate

The sound waves cause the flexible front plate to vibrate and change the capacitance.
Moving the plates closer together increases the capacitance. Moving the plates
further apart decreases the capacitance.

Explain how the sound wave produces an alternating output signal.
(4)

U\.hn-}ha.}iﬂ!ﬂ.m ceder -}u?ub}vu' becamse c‘f IR Sound  wowes ., ke pauiton

A5 Greader ;. [\t =_du_. he W.Mgr_ $tored h} . cnfxu#vf 5. condtant -

i When ¢ increades ... the .F..OL Ocrobh the c.a.fmito( decresdel C,-..'nuz The. yorod

| ‘-

_Potentiol plijfecence. perets . ho acitty  Ohd  the resi<teyr, IS conitant, tha
per * “r (output componont)

Pl reth  ths rebisros is eased . VE Ukt Ve, | Whan e plases  are  furthed

Opoet ) tapacitone . decreskd R=cv. prd atet the copacdtor. (Vi) huensef
Thas, Ve bdeaesses. . Tharegok, 4N owtped. Gigeal . is. ptered _b.j_.m;uzl_ _
OMEN Nking . potentiol obifrorenie ocress  Hhe  cwsister,

ResultsPlus

Examiner Comments

A model 4 mark answer.
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*(b) One type of microphone uses a capacitor. The capacitor consists of a flexible

front plate (diaphragm) and a fixed back plate. The output signal is the potential
difference across the resistor.

Quter casing

Sound

» QOutput
waves -—-/——'P—]J—" signal

Back plate

The sound waves cause the flexible front plate to vibrate and change the capacitance.
Moving the plates closer together increases the capacitance. Moving the plates
further apart decreases the capacitance.

Explain how the sound wave produces an alternating output signal.

\.

(@ ResultsP

Examiner Comments Examiner Tip

Scores 1 mark for the link to increases Alwavs quote an appropriate equation
capacitance meaning increased charge. . ys qt ppropria q !
just quoting the equation in a context

based question will often score 1 mark.
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*(b) One type of microphone uses a capacitor, The capacitor consists of a flexible

front plate (diaphragim) and a fixed back plate. The output signal is the Etential
difference across the resistor.
e e e

Quter casing

* Output
» signal

N

late Back plate

The sound waves cause the flexible front plate to vibrate and change the capacitance,

Moving the plates closer together increases the capacitance. Moving the plates
further apart decreases the capacitance.

Explain how the sound wave produces an alternating output signal.
(4)

SGJndwauefOzf(m§b}udr@(aowfcJutcfoowpmmwdrwamm
These wilk Cawre e frent plare to mas, dhanging the @partane. lf the.

capaciton® (Wager, So. wilk. Hhe . charge. . flewing. thaogh. the. .
circut, Mt wilk  fluchate. As  the at pot Signal (S . .

connected  fo. the  pacter, end its. alternabing. capaknd

will be  altemaking, 4s. it.is divecly apateet by the .
pactance, . Gs.. Q=CV. . 3 V:ZQ') . e copaatar s

<D/\‘3 chagging... So.. wilk  the  valtege (o) . oo

Examiner Tip
An example where the equation is quoted
but the actual change in voltage is not Quote an equation and then make a specific
specified. This scored 1 mark. point about how two of the variables will alter
e.g. if charge is constant, as capacitance
increases, potential difference will decrease.
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Question 16 (c)

The fact that actual values of resistance and capacitance were given in this part was an
indication that a calculation was required and quite a few candidates did attempt to find
the time constant for these values. There was a varying degree of success since some

candidates weren't sure about the conversion of pico. Some candidates then found a

frequency for this time constant rather than finding the time period for the wave under
consideration. However three marks were still possible for this method. 50% of candidates
scored O for this section because they tried to answer the question without the back up of

numerical values.

(c) A microphone has a capacitor of capacitance 500 pF and resistor of resistance
10 MQ.

Explain why these values are suitable even for sounds of the lowest audible
frequency of about 20 Hz.

- T=PbcC Eone chjcml‘ < Sne

a'fsu, (0 Fives
i oloss G cophe

!—0@6 M%‘f@h&c%

) us

Examiner Comments

An example of a 4 mark answer.
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<& (c) A microphone has a capacitor of capacitance 500 pF and resistor of resistance

10 MQ. (- 0000000 oo O -0
10 600 000 il W (o

Explain why these values are suitable even for sounds of the lowest audible
frequency of about 20 Hz,

\ & _ )

ﬂExaminer Comments

The candidate has omitted a unit of t but
since this was an interim step, we assume it is
seconds and so this candidate scores 3 marks.

(c) A microphone has a capacitor of capacitance 500 pF and resistor of resistance
10 MQ.

Explain why these values are suitable even for sounds of the lowest audible
frequency of about 20 Hz,

e T Copuchan  POPE D A
[Uf"j +° QW AP orsl only Pegurd
sivelk mwn* Lod o Soand vomwen. TR

porenhor dulferenct MW‘_ A e Sty wil

Examiner Comments

This is typical of many answers where there
is no attempt at a numerical analysis.

Examiner T|p

If numerical values are given, try

to use them.
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Question 17 (a)

This question in total was about the production of anti-hydrogen, it appeared that many
candidates felt annihilation was a good answer to give whereas in reality it was never a
required answer.(a) Many candidates had leant the mantra that an antiparticle has the same
mass as its particle but opposite for other properties. Candidates were required to apply
that principle to a specific pair of atoms and therefore needed to realise that they were not
dealing with single particles. They were expected to realise that both the hydrogen atom
and the anti-hydrogen atom are neutral. Candidates who correctly identified the charge of
all four particles involved without necessarily saying that the atoms were neutral were given
the mark.

17 Anti-hydrogen atoms have been created at CERN. An anti-hydrogen atom consists of an
anti-proton and a positron.

(a) Compare the properties of an anti-hydrogen atom with a hydrogen atom.
(2)

Bt WL b o petie s ol postie gosituss
orb'ﬁy._.ﬁ..___._,._ olee Hiten il e g f%%vc putess
_M\w % e pleftren __.Q;JQLJ;.-M}.

ResultsPlus

Examiner Comments

This answer lists all of the four particles correctly
for one mark but there is no mention of mass.

17 Anti-hydrogen atoms have been created at CERN. An anti-hydrogen atom consists of an
anti-proton and a positron.
= =
(a) Compare the properties of an anti-hydrogen atom with a hydrogen atom.
(2)

Theu,/) bow. have. e same. MAss... Wﬁf Tht’l.j bovh .
huv; wPPd;ﬂ .Lh‘«tYijiB

<D/ ResultsP

L

us

Examiner Comments

A common answer. The question asks about the
atoms so the use of 'they' is taken to mean the
atoms. Scores 1 mark for the same masses.

GCE Physics 6PH04 01
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17 Anti-hydrogen atoms have been created at CERN. An anti-hydrogen atom consists of an
anti-proton and a_positron.

(a) Compare the properties of an anti-hydrogen atom with a hydrogen atom.

i, . 2 -
et L0 c it g

Al = L
LA Ty =

| ﬂe:r ate of the same. maxs . they're. both newtral.
- Mti-lydiegen atom has negodive. rnuccleas. and. positive pestiten.
Hydgen  atom has. positioe. needtrem nucleus . and. 04E0€ cledrm.

OO ResultsPlus

Examiner Tip

ResultsPlus

Examiner Comments

This does score two marks and has

- i . It is important to read the question and apply your
done so in the first line only.

knowledge to the actual particles/atoms in the question.

Question 17 (b)

This calculation was generally well done with many candidates scoring the full three marks.
Errors made were with writing the equation correctly but then forgetting to square r and
failing to identify correctly the charge on the electron for both Q, and Q,. Occasionally,
having set the equation up correctly, candidates made calculator errors. A small number of
candidates started with the wrong equation such as the potential equation for radial fields.

(b) Calculate the electrostatic force of attraction between the positron and the anti-proton.

Assume that the radius of the anti-hydrogen atom is 5.3 x 107" m.
3)

Ius

Examiner Comments

An example of a calculator error, this scored 2 marks.
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(b) Calculate the electrostatic force of attraction between the positron and the anti-proton.

Assume that the radius of the anti-hydrogen atom is 5.3 x 10°" m

(3)
0 4] L
. - "— l,;n'q,o = ®Bafxel0t

s ‘°“) eYe-(rens)

B Th S U

(1bme

Force = .~ dq xro~'IN

ResultsPlus

Examiner Comments

This candidate has failed to square r and so gets
1 mark for correctly identifying the charges.
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Question 17 (c)

This is where annihilation was the common answer. Candidates who picked up the significant
difference in charge usually went on to score two marks but those answers accounted for
only a small humber of candidates. A very small number of candidates identified the charge
difference but failed to make the link to magnetic or electric fields. This means that most
candidates scored zero. The most common answer was 'annihilation' on the assumption that
the anti-hydrogen would automatically come into contact with hydrogen. Another frequently
seen idea was that anti-hydrogen was completely unstable and would decay.

(c) Scientists want to find out if anti-hydrogen atoms emit the same spectra as hydrogen
atoms. Anti-protons are relatively easy to contain, however, it is very difficult to
contain anti-hydrogen atoms for any period of time.

Explain why it is difficult to contain anti-hydrogen atoms compared with anti-protons.
(2)

daodocked  and . Ha&e{,m Storesd... o R
Ak ylrogen s rushal.. cuoe! 4@ J A? dobest ained. Mm

ResultsPlus

Examiner Comments

A candidate who realises that the charges are
different but is unable to apply this fact.

(c) Scientists want to find out if anti-hydrogen atoms emit the same spectra as hydrogen
atoms. Anti-protons are relatively easy to contain, however, it is very difficult to
contain anti-hydrogen atoms for any period of time.

Explain why it is difficult to contain anti-hydrogen atoms compared with anti-protons.
(2)

Ts. (s ecawse... e ACCOM..UBA
QUlCH . o com esaSon. do.. a0 ki-. psatens.
W'IA\CC: ek esS M ]’bral%_glruc,(-f Hnaem. 1.
ngc{/\ AGlock.  time pesdaghs

)

Resultstlus

Examiner Comments

An example of the decay idea.
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Question 17 (d) (i)

This is the part of the question where annihilation was mentioned in the question and
although both particles were mentioned, the majority of candidates missed the x2 factor,
getting the common wrong answer of 9.0 x 10%°J. 60% of candidates made this error and so
scored 2 marks. Despite the fact that the mass was given in the question, some candidates
tried to use the proton and electron mass given in the data.

(d) The technology suggested in the science fiction series, Star Trek, for powering
the Starship Enterprise relied on antimatter. When an anti-hydrogen atom meets a
hydrogen atom, they annihilate and produce energy.
(i) How much energy, in joules, would be produced by the annihilation of just
| milligram of anti-hydrogen atoms?
(3)
_ %) (
Eime 7 (o7®) (3x0%)
— 13
£ .9xle _3
13
Energy = ... q xlo cid
%,
Resultslus
Examiner Comments
The most frequently seen answer.
(d) The technology suggested in the science fiction series, Star Trek, for powering
the Starship Enterprise relied on antimatter. When an anti-hydrogen atom meets a
hydrogen atom, they annihilate and produce energy.
(i) How much energy, in joules, would be produced by the annihilation of just
1 milligram of anti-hydrogen atoms?
(3

AE= ctom = Tale® x (e io l‘] A" T
ol fited éﬁ 2 a th sumemoss of ﬁanQm Abams. 0:-[:

ondhluted as el as fh.. aks “fQAm\;.q._A’rwi . :
YT H

Energy = WJ‘PHU J

ResultsPlus

Examiner Comments

A small number of candidates managed to
double the mass and score 3 marks.
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Question 17 (d) (ii)

The use of (i) and (ii), in question part labelling, is a clue that these last two parts are
linked. Even if candidates got the common wrong answer to (i), they should still have
realised that the amount of energy required was very large, which was what the answer
was. Again, annihilation appeared regularly but again this demonstrates that candidates
are not thinking about what is being asked. Annihilation comes after antimatter has been
produced but this was about the difficulty of actually producing it.

(i1) Anti-protons are required to produce anti-hydrogen atoms. The total production
of anti-protons on Earth over the past 25 years adds up to only a few nanograms,

Suggest why so little anti-matter has been created.
(1)

W/ZExammer Comments Examiner Tip

An example of an answer that is Answer the question that has been asked which is
trying to explain what happens after about the creation of antimatter. This answer talks
antimatter has been produced. about what might happen after antimatter is created.

(ii) Anti-protons are required to produce anti-hydrogen atoms. The total production
of anti-protons on Earth over the past 25 years adds up to only a few nanograms.

Suggest why so little anti-matter has been created.
(1)

Anki - maler . of‘\a xS &o(__cﬁu.ifc«mn\r. of Fane hefore

b\:\niL\. 'u\-‘mr\ ;

ResultsPlus

Examiner Comments

Another example of talking about what
might happen after it is produced.
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Question 18 (a)

In general this calculation was well done with 75% of the candidates scoring the full three
marks. Weaker candidates tried to use E = mc? or failed to convert eV to J. Where some
candidates did lose 1 mark was in not showing the value of velocity to one more significant
figure. They set up their calculation correctly but just wrote down the value given in the
question. Candidates should remember that a 'show that' is used when the value found will
be needed later. In this case, it was needed for the last part of the question, by which time
most candidates had completely forgotten about it and therefore did not use it.

18 James Chadwick is credited with “discovering” the neutron in 1932.

Beryllium was bombarded with alpha particles, knocking neutrons out of the beryllium
atoms, Chadwick placed various targets between the beryllium and a detector.
Hydrogen and nitrogen atoms were knocked out of the targets by the neutrons and the
kinetic energies of these atoms were measured by the detector.

(a) The maximum energy of a nitrogen atom was found to be 1.2 MeV.

Show that the maximum velocity of the atom is about 4 x 10°m s',

mass of nitrogen atom = 14u, where v = 1.66 x 10" kg
(3)

20
Mens = L-3 Lk k> kj
lZ /’(ICL/'—' f,"llh.o."tﬁs

Eo=5Myt

LAkio™ =5 (1.3 V
?)g l(r‘_p'-“} - 2_-3 k;(,_‘;'{'b un:’-. .
Ue= 1L 6< ko' Uz l4ses® = Gwio® my

ResultsPlus

Examiner Comments

An example of a candidate who does not show
the value to one more significant figure.

us

Examiner Tip

In a 'show that' question the answer must
always be given to one more significant figure
than the value given in the question.
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Question 18 (b) (i)

This was a relatively easy application of conservation of momentum although to get all
three marks, candidates did need to to use u ,since that was an integral part of the masses
of the particles involved. Some students missed out the u but wrote a clear staement of
momentum before = momentum after and so scored 2 marks. Whilst appreciating that the
u did cancel out, students should realise that when asked to demonstrate that an equation
given is correct, they should include all of the steps.

(b) The mass of a neutron 18 Nu (where N is the relative mass of the neutron) and 1ts
initial velocity is x. The nitrogen atom, mass 14, is initially stationary and is then
knocked out of the target with a velocity, y, by a collision with a neutron.

—_— x
0 O
Neutron Stationary

nitrogen atom

(i) Show that the velocity, z, of the neutron after the collision can be written as

- Nx-14y
N
(3)

c.crnrx’mw!ffw 4 . W".’““‘.‘f‘!’z".l -

ResultsPlus (7? ResultsP

Examiner Comments us
Examiner Tip

An example of missing out the u
but this did score 2 marks. When justifying an expression that has been
given, it is important to use the information
given and to show all of the steps.
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(b) The mass of a neutron 18 N (where N 18 the relative mass ot the neutron) and its
initial velocity is x. The nitrogen atom, mass 14w, is initially stationary and is then
knocked out of the target with a velocity, v, by a collision with a neutron,

— X

Neutron Stationary
nitrogen atom

(i) Show that the velocity, z, of the neutron after the collision can be written as

__ Nx-l4y
witied mementum = final momenifiim (3)

Nu\“r = N[.JZ 1'4!._!”

us

x - |4 i '
Y ) Examiner Comments

N kr:g lff-ll,r.'l'w'f:"..} :
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L =

A three mark answer. Some candidates included a 14u x0 for the
initial momentum of the nitrogen. This was an excellent approach
to the question but was needed in order to score 3 marks.

Question 18 (b) (ii)

This was a straightforward factual recall that kinetic energy is conserved in elastic collisions
and the majority of candidates got it right. However, there were a number of incorrect
answers. This is a simple bit of physics that all candidates should be able to recall. Some
candidates said it was when momentum and kinetic energy were conserved and this answer
was given the mark. However, some candidates gave a long list of options, one of which was
kinetic energy, but in this case the mark was not given.

Question 18 (b) (iii)

This was another example where candidates were asked to justify a given expression,
although some candidates had difficulty with this question and there was evidence of
candidates trying unsuccessfully to work backwards. Candidates tried to square a difference
in speed and then just move the square inside the bracket, showing a poor grasp of algebra.
What was needed was a statement that the energy gained by the nitrogen was equal to the
energy lost by the neutron. Candidates needed to write down expressions for the KE of the
neutron before the event and after the event.

(iii) Explain why the kinetic energy F of the nitrogen atom is given by
_ Nu(x2 - :2)

E
k 2

foh\-

/ .“'-1 X " ey Is‘\-.il\"!'-.:’qil;' ZCE: pf h(,.;_ b

|
-
5

ResultsPlus

Examiner Comments

This was all that was required for full marks
but very few candidates scored 2 marks.
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(iii) Explain why the kinetic energy £ of the nitrogen atom is given by

. Nu{lxz—:‘j'}
JE,FT
(2)
£,¢"—£f = .mvE amvt s Nelx=2Y

T 2
V.= Mhﬂ*fm_m'
ol _11'?_1

<$Z ResultsPlus

Examiner Comments

Many candidates scored zero and this is a typical of the
answers seen, with no words, a random couple of equations
and then the given expression, just written down.

Question 18 (c) (i)

This proved to be a very difficult question for all but the most able. First of all candidates
needed to remember to use the speed of the nitrogen atom from (a) which was on the
previous page and then they were to use an equation that they hadn't derived, so perhaps
didn't understand the significance of all of the symbols. Finally they needed to realise

that they could use the given equation twice, once for the hydrogen atom and once for
the nitrogen atom in order to equate two expressions of 2Nx and so find N. Perhaps not
surprisingly only a very small number of candidates managed this.

(c) The two equations 1n (b) can be combined and z can be eliminated to give

. 2Nx
. N+14

(i) The maximum velocity of hydrogen atoms knocked out by neutrons in the same
experiment was SUOX 10"m s™'. The mass of a hydrogen atom is lu.
3,

Show that the relative mass N of the neutron is 1.
3

2N

3.0%107:  N+l4.

3.0x ;{,'fN.i— 42 x fg_i'? T 2Nx

N (3.0x107 -2x) =z -42x107

Nz -daxio? 2 (3.0 x07w 2 (30x105)) .

- m0.737 . (3F).

ResultsPlus

Examiner Comments

This candidate tries to use the equation but with the wrong velocity
so scores 1 mark and then does some creative arithmetic.
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(c) The two equations in (b) can be combined and z can be eliminated to give

2Nx
N+14

(i) The maximum velocity of hydrogen atoms knocked out by neutrons in the same
experiment was 30 x 10’ m s™'. The mass of a hydrogen atom is lu.

Show that the relative mass N of the neutron is 1.

7:; 2L VL .okl ',M

(f,VJ'@ : Z/V}

e fv“(w14)..f..._.?_.%ff@?(fff’.i.’.?,.....,... S

2. ém /\/ 26y’
N |

ﬂExammer Comments

This is an example of an answer that scores 3 marks. It was decided
to give the three marks for writing the two equations correctly. As it
happens this candidate sucessfully works through the algebra.
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(¢) The two equations in (b) can be combined and z can be éliminated to give

L 2Nx
Y= N+14

(i) The maximum velocity of hydrogen atoms knocked out by neutrons in the same
experiment was3ﬂ°x 10’m s™!. The mass of a hydrogen atom is 1u.

Show that the relative mass N of the neutron is 1.

3xi107 = 2N=

(3)

%S x 0¥ N
v
PR S 5 |
N 4.Sx (0% |

2 3x(0] =

ﬁ ResultsPlus

Examiner Comments
At this level candidates should realise that
they shouldn't do what this candidate has
done. Has assumed N = 1 and uses this
to find x and then substitutes x back into
the equation to get N =1 again.
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Question 18 (c) (ii)

The energy equation in (b) depending on kinetic energy being conserved and that equation
was used to obtain the equation in (c¢), so the expected answer was that not all collisions
are elastic. It was decided to accept a comment that the particles has speeds approaching
the speed of light and with those two possible answers just over half of candidates scored
the mark.

GCE Physics 6PH04 01 43



Paper Summary

In order to improve their performance candidates should:

Ensure they have a thorough knowledge of the physics for this unit.
Read the question and answer what is asked.

For descriptive questions, make a note of the marks and include that number of different
physics points.

Show all their workings in calculations.

For descriptive questions, try to base the answer around a specific equation which is quoted.
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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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