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Introduction

Candidates found this paper accessible and 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. Some of the context questions such as Q16

were generally well answered with the candidates scoring well. Candidates need to read
the questions carefully and think about the context before launching into their answers.
Q15 was about an induction motor which requires a force in order to start moving. Many
candidates treated it like a generator and assumed it was moving and cutting the flux which
lost them marks. In the main calculations were well done across all ability ranges with the
exception of Q13 where many candidates merely looked for a formula that had the terms
given in the question, the de Broglie equation, and did not think about the conditions under
which that equation could be used. The clue was that the question was worth 5 marks and
any calculation scoring 5 or more marks will mean that there are several steps and more
than one equation is required. Whenever a question asks for an explanation and numerical
values have been given, then the marks will be dependent on a calculation having been
done. Candidates need to remember that at A2 some of the questions can have a synoptic
element and in this unit that is most likely to be from the AS mechanics. Q11 required the
candidates to make a link between acceleration and a force (not often done) and in Q17, the
projectile type motion of a charged particle in a magnetic field was required. Q12 required
candidates to comment on a prediction and although three marks were obtained from
calculations, the last mark was for a comment on the prediction and it was surprising how
many candidates did not do this.

Section A

The multiple choice questions in Section A were accessible to candidates of all abilities.

question topic % correct Most common
incorrect response
1 nuclear structure 92 B
2 Kinetic energy variation with |73 C
momentum
3 inelastic collisions 88 B
4 units 93 C
5 capacitor discharge 60 C
6 use of electrons to probe 50 D
nucleus
7 work done on a particle in an |66 D then A
electric field
8 comparison of magnetic flux 78 all 3
linkage across 2 coils
9 pion decay 67 D
10 tube lengths of Linac 86 A then D

GCE Physics 6PH04 01



Question 11 (a)

This question required candidates to appreciate that if an object is accelerating, there
must be a force acting. Generally most candidates managed to score one mark for the
use of repel or repulsive force, however fewer were able to successfully link the force to
acceleration. Most responses that did not score the second mark focussed on repulsion/
attraction or just stated that the positive charge caused the acceleration.

11 The positively charged particles in the solar wind are accelerating away from the Sun,
Some scientists have therefore concluded that the Sun is positively charged.

(a) Explain this conclusion,

%
¥

TO the c._lrc_\f%ecl p:\{k\e.% Ne P(?&,ll‘.\\}e andk the sun 15
posibwe the. chomes wilk repel axh other 05 Same
charges repel and oppasites o\irafr‘ﬂ,cammfj lhere to be
Qa _Oo("c,e r‘é’p@[;ﬂ% ‘H\G’ pa‘ail'lo{\j CLC#(FZJPJ {:O.létclé’.

ResultsPlus
Examiner Comments

This answer focuses on the action between charged
objects and does not refer to the acceleration at all.

A

Examiner Tip

Like charges repel and unlike charges attract is
just one physics point and is not worth two marks.

The pos fiveloy .. Clacnroyeck .pwﬁ&s_ heve o FW&'] c&dﬁ_j
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ResultsPlus

Examiner Comments

A model answer with a logical reasoning
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Question 11 (b)

The majority of candidates scored both marks for this section with most marks being lost
through poor diagrams. Typical errors are not having straight lines, lines not being equi-
spaced, lines not touching the circle or crossing in the middle of the circle. Candidates
should be encouraged to draw just the four lines at right angles to each other.

(b) The circle below represents the Sun,

Complete the diagram to show the electric field produced by a positively-charged
Sun.

ResultsPlus

Examiner Comments

This scores one mark only for the correct direction of the
field. The other mark is lost for two reasons, the lines
are not equi-spaced and they do not touch the circle.

A
"l N
N _\_,./) rd
v
ResultsPlus A _
Examiner Comments Results ) us
This scores both marks. Examiner Tip

Four is the minimum number of lines required and
can be accurately drawn. Note the use of a rule.
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ResultsPlus

Examiner Comments

The lines are not equi-spaced
and so a mark is lost.
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Question 12

Most candidates recognised that conservation of momentum was the key to the analysis of
the movement of the spacecraft with only a very small minority going on completely the
wrong track of trying to conserve energy. The most successful candidates found the speed
of the spacecraft rather than finding and comparing the momenta. Where candidates went
wrong was in not realising that the conservation of momentum could be applied in isolation
and they did not have to include the fact that the space craft was moving through space.
Other candidates tried to include time which while successful for some did lead others to
make mistakes. The question asked candidates to comment on the prediction and quite a
significant number of candidates missed out on the last mark by failing to make a comment.

12 A spacecraft called Deep Space 1, mass 486 kg, uses an “ion-drive” engine. This type r
of engine 15 designed 1o be used in deep space
The following statement appeared in a web site

The ion propulsion system on Deep Space 1 expels 0.13 kg of xenon
propellant each day. The xenon ions are expelled from the spacecraft
at a speed of 30 km s~'. The speed of the spacecraft is predicted to
initially increase by about 8 m s~ each day.

Use a calculation to comment on the prediction made in this statement
id)

013 * 50 % | "::;a = 4% b » Veloriy increr
<00 o 4GV '
Efi C""'-F-q‘__ = \/
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"‘ff = g 'Clmﬁa"‘
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woid e m.bwﬁl lo  la  nAoWARA by o? Hgy
S{MLQ{TF‘{LE’E'. o When  memialion & r;iu’i.?.r" [
M FCnon o> W will cusr Paa spode <;f‘t4‘~
ko Move in HwD C‘*’W@BJHQ (TR Tok uoanion 13 =4 marksy & "M
7 Conseirvech |

ﬁ ResultsPlus ")

Examiner Comments

This was the most common choice of method.
This answer scores all four marks. The
comment is too long, all that is needed is the
first sentence. The rest is a statement and
explanation of the conservation of momentum.

Examiner Tip

A comment was needed but try to avoid
writing overlong answers, as they don’t
necessarily gain extra marks.

GCE Physics 6PH04 01 7



8

GCE

12 A spacecraft called Deep Space 1, mass 486 kg, uses an “ion-drive” engine. This type
of engine is designed to be used in deep space.

The following statement appeared in a web site.

‘ The ion propulsion system on Deep Space 1 expels 0.13 kg of xenon
| propellant each day. The xenon ions are expelled from the spacecraft
at a speed of 30 km s~'. The speed of the spacecraft is predicted to

‘ initially increase by about 8 m s™' each day.
|

Use a calculation to comment on the prediction made in this statement,
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ﬁ ResultsPlus

Examiner Comments

This candidate realises that momentum is involved but is trying
to use force is equal to rate of change of momentum. Correct
answers were seen using this method but a more complicated
method gives more opportunities for candidates to go wrong.
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Question 13

Too many candidates attempted to use the de Broglie wavelength equation without thinking
about the situation and realising that it was inappropriate to use this equation. This
equation gives the wavelength for a particle with a given momentum i.e. all the terms are
properties of a single particle. It cannot be used for the annihilation of two particles and the
production of two different particles. Candidates should have realised that 5 marks would
not be awarded for a straight forward substitution into a single equation. Many candidates
using this approach managed to score one or two marks at most. Some candidates used
the mass of a proton as the mass of a positron. Candidates who did approach the question
correctly usually went on to score 4 or the full 5 marks. There was some confusion over the
factors of two so that a common wrong answer was half of the correct answer although we
also saw double and quadruple answers.

13 An electron and a positron annihilate with the emission of two photons of equal energy.

Calculate the wavelength of the photons.

N= Yy

Y-} L) 3¢
- Xl ﬂ_o"s' ¥ j’#r{"g

= 2. 43 Ko™ m

243%100™" % m

Wavelength =

(Total for Question 13 = 5 marks)

{ ResuitsPlus
/\ Examiner Comments

An example of using the de Broglie formula.

¢ ResultsPlus
\

Examiner Tip

The de Broglie formula applies to a single
particle. Also this question has 5 marks. A
substitution into an equation with no unit
changes would have been worth 2 marks only.

GCE Physics 6PH04 01
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F= e Femc?

[ LTI 0*T __
(GBZMD 3) (’wa)
bt T
= [212 9% 0777

W/SExaminer Comments

A correct method but the candidate has x2 in the
energy calculation but forgets that this energy is used
to produce two photons.

Although the de Broglie formula has been written down,
the candidate does not use it and so we can ignore it.

)

o E=2(9.1 X/o ),x (Te10)
= /U‘;s’”ow;r

/ )
Wavelength = /.- -

r=by

s %f-f

—

X107,

(Total for Question 13 = 5 marks)

/ ResultsPlus

Examiner Tip

Think before starting the calculation. You are finding
the energy from two particles of the same mass and
then dividing it equally between two photons. The
calculation can be done without the use of the 2 factor.
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Question 14

The reference to the bubble chamber in the stem of this question was intended to direct
candidates to detectors and away from accelerators. The question was intended as a general
question about any detector and was not meant to be specifically about bubble chambers.

It is accepted that the question did cause some confusion and so the mark scheme was
adjusted to allow four of the marks to be awarded from just a discussion of magnetic fields.
The most common score for this question was two, one for identifying that electric fields
accelerate the particles and one for magnetic fields being used to cause circular motion.

Too many candidates spent too much time explaining about the orientation of the magnetic
field, quoting Fleming's left hand rule and giving far too much detail about the set up rather
than the actual role of the fields. Although a lot of responses hinted at being able to find out
information about charge, mass etc., very few actually described what feature of the path
would be measured/observed in order to calculate these values.

*14 A bubble chamber is a particle detector which makes use of electric and magnetic
fields.

Explain the role of electric and magnetic fields in a particle detector.

o~

Te ecaic gedd o gachide  dekecaar (eaks
on ofta W 6 WigEM exearric. ge\d (e
Seaghn. s caﬁon\-) 5o Ynok. o poshde
EXQERIENCED o §NTCL . \x)caajrw& cxmacd 3OS
dcowed e Yre  pastive. Ploke oo

parficies Hoxe) do e
m\ve/*mccncm a5 o _Qog ) eovra)

mo\-@ts \eone 0 e CRNC S

x kacﬁ 0. m 0B et Yo ¥nc
Alceonan @dd \WnNes, L3O Couses
ocedas qg, Yoe Qs‘h Qj&gécrm &\-\kﬂ Mo
(G O- W\’\Q\C/ E{m m 6‘“ @ ‘ (lotal i:‘:‘ Question 14 = ‘i marks)

ﬁ Resultslus =
Examiner Comments
This scores 3 marks. It correctly identifies Q

that charge in the electric field is Examiner Tip
determined by the direction of deflection,

that the magnetic field causes circular Explaining what is meant by a
motion and that the curvature can be used uniform field does not answer
to find the mass. No marks were awarded the question about the role of
for the three and a half lines of the answer. the fields in a detector.
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wExaminer Comments

83 Mw«-&%wm& W a M_KAG):& _Qeﬁ

us

This scores 4 marks. Just saying that magnetic fields curve

the path is not sufficient since electric fields can also curve

a path. If this candidate had referred to circular motion or a
centripetal force, this answer would have scored 5 marks.

GCE Physics 6PHO04 01



The elechiC Fleddd lleierOme e payncled Wp fo. .
PG Speead . by . giving. tem entigy. 1eady fu
COMAMS M. TN Paimite .

Magneet. f1eccs . Keep. parnded in. a. (b il drbit
by geeen. giniaig. e an.. alielecamon., enivapetian.
QLRI WA ALLKS. B 1a. CeNAve O} the. CLr e .

ResultsPlus

Examiner Comments

This answer reflects the most common mark, scoring
one mark for the electric field accelerating the particles
and one for the circular motion for the magnetic fields.

Examiner Tip

Five marks require 5 different
physics points.
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Question

15 (a) (i)

The induction motor is an example of a good context because it is something that

candidates were not expected to have been taught but they should readily have been able
physics. Most candidates scored at least two marks. The common error was
to think of this as a generator and not a motor. Candidates were required to recognise that
the stator produces a magnetic field which is changing and that the field passes through
the rotor coil inducing an e.m.f in the rotor. What happened was that many candidates

to grasp the

described the situation in terms of the rotor cutting the magnetic field.

i

15 The diagram represents a simple induction motor. An altemnating current [, is supplied to
a stationary coil (stator). This coil is wrapped around an 1ron gore.
e

A rotating coil (rotor) is shown end on in the diagram.

rolor

* stator

(a) The graph shows the variation of the alternating current [, with time.

AN
\/ time

*(i) Explain how current i5 induced in the rotor coil.

—

1,

A

The -L‘b-Aj creat (‘IJ/] A ﬁ.rf-ﬁwm} coi/ FMJU(A; m:
aihmnﬁjr ( 4.47,-? ) Mﬁr-bf,t ,ﬁo&' . A oa rﬂfwdﬂf Ke  rotar
A A Eewe af ﬂ‘p?v:{ apfuﬁt /»&r,t (-“f ﬁj-ﬂ,wf.-a:q a

d,_yg Y M.afuﬁt /Ju.t}f o aA e:x-c.'/. i indlycpd acropg  Ma
rrfer o Thr ﬂmfcwq ac«M#‘fG‘p:}lﬁ{p

ol (He idocdl comaat).  Ta ek g -udéq,ﬁ? becwype e
magneh ‘ﬁrﬂ ard Hyr Mo induced emf are  allenabn,

ResultsPlus

Examiner Comments

A rare example that scores four marks.
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rotor

stator

(a) The grufah shows III!L' {';Lrintiuu of the Hlll.'.l'l'ljl[irlg current [, with time,

'

ol

I : >
& \-/ tmne

*(i) Explain how current is induced in the rotor coil.
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ResultsPlus

Examiner Comments

A common type of answer where the candidate thinks that
the e.m.f is induced by the rotor cutting the magnetic field
rather than because it is in a changing magnetic field.

@ ResultsPlus

Examiner Tip

This question was about a motor and something has to
happen to make it start moving. It is important to think
about the situation and not rush into writing down your
first thoughts. Many candidates treated this as a generator
where the coil is initially made to rotate and so talking
about the coil moving through the magnetic field is correct.
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Question 15 (a) (ii)

The rotor then moves because there is a current in the rotor and it is in a magnetic field
and so experiences a force. Candidates who had treated this as a generator struggled
with this part because they invariably went down the wrong route of trying to apply Lenz's
Law. Candidates who did think about what was causing the force often gave too vague an
answer. There are two coils in this motor both of which have a current and so candidates
needed to make it clear that they were talking about the rotor.

r o A

(ii) Explain why the rotor turns.
2)

A awes Vue . Yo __F_lg.mh\‘_n_&s__ Qu.%ﬂl hend . Saals
e fovss..apdladh . 35 Rerfenoticulan.. So.. A ...
odaBochan. @] 1 T o FCLEVC S Maanatis Nl

[ / -
N Results+lus
/\ Examiner Comments

There are two conductors both in a magnetic field
and so the candidate needed to make it clear
that it was the current in the rotor, in a magnetic
field that led to the force. This scored 1 mark.
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Question 15 (a) (iii)

This question was generally well answered.

(iii) State two ways of making the rotor turn faster.
(2)

coile,
». Mee  a. ..‘Qi%%{b"‘. currenb iq ble  sbabor,

The majority of candidates scored 2
marks for an answer similar to this one.
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Question 15 (b)

Another generally well answered part with more than half of candidates scoring the full 5
marks for a couple of straightforward calculations. Mistakes were made in converting the
frequency in hertz to a time period or in using the wrong units for angular velocity. There
was a unit conversion needed in the last part of this question which did cause a problem for
a few candidates. The other challenge was having quoted the correct equation a = rw2 a
number of candidates then forgot to square the w thus losing two marks.

(b) An induction motor is used to rotate the turntable in a record deck. Long-play
records require the turntable to rotate at 33 revolutions per minute.

(i) Calculate the angular velocity of the turntable.
(3

BBredolurions, = AR RDT = 6630

) SIS X
sads™!
Angular velocity = . 296 cadst
f : I
(ii) Calculate the acceleration of a speck of dust at the outside edge of a rotating

record.

radius of record = 12.5 ¢m

Q.= f(..Dl e
oo \TS ¥ (BYe) T\

Acceleration =

(Total for Question 15 = 13 marks)

Plus

Examiner Comments

This candidate scores 3 marks for (i) but in (ii)
forgets to convert cm to m and loses a mark.

A

Examiner Tip

Watch out for units in case there is a unit change to
make in a calculation and also make sure you add
a unit to any quantity that you have calculated.
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(b) An induction motor is used to rotate the turntable in a record deck. Long-play
records require the turntable to rotate at 33 revolutions per minute.
(i) Calculate the angular velocity of the turntable.
3)
Angular velocity = 1\ br Tk §°°
(>s5)
- \
(ii) Calculate the acceleration of a speck of dust at the outside edge of a rotating
record.
radius of record = 12.5 cm
(2)
Lz rw
moans < ()t
=~ et
S 163
Acceleration= 1 €. 3 ms "

us

Examiner Comments
A common wrong answer, dividing 2n by 0.55 instead

of multiplying. Error carried forward was applied to
(ii) so this candidate scored 1 for (i) and 2 for (ii).
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Question 16 (a) (i)

Question 16 as a whole was a well answered question with many candidates scoring more
than 10 marks.

The most likely place where they would have lost a mark was in (a)(i). A quarter of
candidates scored zero for this part because they made no attempt at any calculations.
Students still need reminding that any explanation in a physics paper needs to be as
guantitative as the question permits. A significant number of candidates did score 2 marks
for calculating the time constant and the time period of the switch frequency. The third
mark was for appreciating the significance that the capacitor had to discharge fully i.e.
that one time constant wasn't enough. This mark was often most awarded to candidates
who identified a discharge time equal to nRC where most chose a value of 5 for n. A large
number of candidates merely commented that one time was smaller than the other rather
than qualifying it as much /significantly smaller.

16 A student is investigating capacitors. She uses the circuit below to check the

capacitance of a capacitor labelled 2.2 puF which has a tolerance of £30%.

([CIRY!

|

|

s
—
12~ I

I'he switch flicks between contacts, X and Y, so that the capacitor charges and
discharges ftimes per second

{a) The capacitor must discharge fully through the 100 £2 resistor,

(i} Explain why 400 Hz is a suitable value for £

~ . = Y
= RL 1004 2.2xl0 . 1.7 o 3

A, e To Fally Mschagoz SRC 7§ x2-2%18 "

T -
- | !5'\‘-’-"'15
B, L T
F = 'JI’:-:‘-E{
p?}" Time Fake ¢ F.F bz 2 CAQ :jj e a1 r’.'.l"‘\.!.rr’ tral)
{9

Fhe Fi rnp ta ken ks al'.-:n‘i-\qrj{:

fU'H\? p $e b i gatable

{ ResuitsPlus
/\ Examiner Comments

A 3 mark answer that addresses the fact that the capacitor does not fully discharge in a time constant.
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16 A student is investigating capacitors. She uses the circuit below to check the
capacitance of a capacitor labelled 2.2 uF which has a tolerance of £30%.

.
X (‘r’

100 0

T ®
T ®

The switch Mlicks between contacts, X and Y, so that the capacitor charges and
discharges (limes per second,

(a) The capacitor must discharge fully through the 100 £2 resistor.

(i) Explain why 400 Hz is a suitable value for .

3

- -6 - _ - &
2.2 b ¢ 3wl wlpg | T y . d6xwo - -

_ -4
. Res (oex 2860 ¢ 2.86x0 £,

T=¢u=H?~.T-‘_}"‘ e " 2.rx0 "

ResultsPlus

Examiner Comments

The most common mark for this section was 2. This candidate
has used the +30% value of capacitance which does not gain
credit and has just found the time constant and the time period.

Examiner Tip

Remember that if numerical values are given, they should be
used to inform your explanation. Calculations are expected.
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Question 16 (a) (ii)

Candidates must realise that when they are asked to show that an equation is correct, they
must explain clearly all of the steps that they are taking and not leave it to the examiner
to work out. To score three marks the examiners needed to see C=QVQ =Itandt = 1/f
as clear distinct statements. More than half of candidates did score the full three marks but
many got to C = It/V and then just wrote down the equation as given in the paper without
justifying it by saying t = 1/f.

(ii) Show that the capacitance C can be given by

C=—

i

where / is the reading on the ammeter and V' is the reading on the voltmeter.
3

- 2 . L It
v \ 4 C A
N

{ ResuiltsPlus
/\ Examiner Comments

This scores 3 marks because the candidate has written
the two relevant equations on the right hand side.

¢ ResultsPlus
\

Examiner Tip

When you are given an equation and are asked to
show that it is correct, make sure that you write
down clearly all of the equations you are using.
Make it clear or marks might not be awarded.
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Question 16 (a) (iii)

As was expected a significant humber of the candidates scored both of the marks for this
calculation. For those that did not, the challenge was in realising that the frequency to be
used was on the previous page or that the formula to be used was in the previous part of

the question.

(i1i) The student records [/ as 5.4 mA and V'as 5.0 V.

Calculate the capacitance C.

C= S4xlo’ =2 3FF
S XY-00

ResultsP

Examiner Comments

This is an example of a candidate not scoring
two marks due to misunderstanding of mA.

A

Resultst

Examiner Tip

Suffixes should be learnt.

5.4x(0° g 5 P
— = 2. F X1
400 x §
c- 2, 7 9#6
FIUS
Examiner Comments A\ -
A mark is lost for missing unit. us

Examiner Tip

Remember to add a unit to all calculations.

GCE Physics 6PH04 01
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Question 16 (a) (iv-b)

Q16(a)(iv) was another example of where a calculation was needed to support the
explanation and this was in fact what nearly all of the students did. The majority of
candidates worked out the maximum value of capacitance and showed that this was more
than their calculated value in (iii). Others found the % difference and compared it to the
30% and nearly all candidates did make a comment regarding the consistency of the
tolerance. As with Q15(b) a number of candidates write the correct equation E = 1/2 CV2
and then fail to square their V thus losing both marks.

(iii) The student records fas 5.4 mA and Fas 50V,

Calculate the capacitance C,

l =3
Cn SHKIS
S xUoo
= L. Tx\&®
. 1 - E?
( F X0 F
(iv) Explain whether you think this value is consistent with the tolerance given for
this capacitor.

yes k15 doledamk o3 1307 edd € amge

Yo capatilennce  bekbuwegn  \S% uk ondh L BeuF
wbich And V(. aleukked . cafacieance. (s LpF
Wl il S Wik ek Cange

’ 3
(b) Calculate the energy stored on the capacitor when it is charged to a potential
difference of 5.0 V.
1<)
=
W= /”g_ '@U
= 1 L 3
fa Ll Ev
=\ - 3 \ &
b8 A Lo —_—
Yo % &S, 4x G b S
:I_%?‘?Eﬂla Energy I | K.U:.'"q 5

ResultsPlus

Examiner Comments

us

N\
This scores both marks for (iii) but for (b) 2/
tries to use the formula that is on the formula ReSUItS

sheet and cannot convert to a useful one. Examiner Tip

Energy in a capacitor can be expressed in
three differnt ways so practice substituting
from C =Q/V into the energy equation.
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(1ii) The student records [ as 5.4 mA and Fas 5.0 V.

Calculate the capacitance C.

. -6
C__(,‘E.ri ‘.UD?} = 2.7x(0 F

amxﬂ]

-E
c. 27010 F

(iv) Explain whether you think this value is consistent with the tolerance given for
this capacitor.

(e Capeciler hes Capaertance 2.24F - 2.2 ,”C;E'Fm
2.7 HDFG >22x6° , Oy the caleelatedd
Vbt a caconseifeand, Fhe Coplerfer v naf
SWifitiend FO halel Ghat amgeend Oy choge o wlfege.
Or it can ke ingrred Ehat kel on o capmecfor

1 wrﬁ-ng:f

(b} Calculate the energy stored on the capacitor when it is charged to a potential
difference of 5.0V,

2 F

W W7 CV = Vex (23pF)x(5)
:Wj

= B4RID :3.375-{:‘0“5_‘,7

-F
Energy = 2.4 (0 :]

=Tt
=% .
I T
v L
z

ﬁ Resultst

)

)

us

Examiner Comments

This candidate probably doesn't understand what is
meant by tolerance. Since the stem of the question
does refer to tolerance, as a reminder to turn back to
the start of the question where the value was given.

GCE Physics 6PH04 01

25



Question 17 (a)

If candidates recognised this as an example of thermionic emission they generally scored
both marks. Unfortunately quite a few saw the words metal disc and immediately wrote
about the photoelectric effect.

17 1 J Thomson is credited with the discovery of the electron. He measured the ‘charge to

mass ratio” e/m for the electron, using the apparatus shown. [ ' lbooM

A
=

Fluorescent
screen

A metal disc at C emits electrons. A positively-charged disc at A accelerates the

electrons along the tube. Slits in A and B produce a narrow horizontal beam of

electrons. An electric field is produced between plates D and E, which can be used to

deflect the beam vertically. The final position of the beam is shown on a fluorescent

screen at the end of the tube,

(a) Describe how a metal disc can be made to emit electrons.
(2)

Hoymw heodka mutal disc. ersegh than yov are.
Wi Hun e maak

o S g Wmmﬂﬂ

%Siam - Y ky g

ResultsPlus

Examiner Comments

The majority of candidates scored both
marks for answers similar to this one.
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Question 17 (b)

The justification of the equation given was considerably more difficult than the one in Q16
and this was reflected in the candidates ' performance where many scored no marks. This
and subsequent parts provided discrimination at the top of the ability range but left weaker
candidates scoring very low marks. Again, candidates need to realise that they must set
out clearly the steps they are going through. Candidates need to realise that they were
dealing with motion in two directions with time as a link, similar to projectiles. This lack of
appreciation of the projectile type path led to a whole range of messy and confused algebra
leading to a fudged result. It is an understanding of how this equation is derived that is
required later in the question in (e)(ii).

(b) The length of plates D and E is /. Thomson deduced that the vertical component v,

of velocity gained by the electrons as they leave the plates is given by

Ee |
X

WV, = 2
m v

v

where £ is the electric field strength between the platés and v is the velocity with
which the ¢lectrons entered the field.

-

Show that this expression‘is correct.
F &g

F = é'f ad a = Mmoo Jo a = =
z f" an o(tcﬁm a1 €, Jo o = f_‘_’-

and " ¢
Vg utrat oY (i in  bebes e pobey =y
. . . . £
1ntklad verbeead wlowﬁ, u =0 ) o v, ax =
. &, ¢
- VV = - v

[ /
N us

Examiner Comments

This candidate has started sensibly with F = Eq and A= F/m

and so arrives at the first part of the equation. Then applies an
equation of motion but importantly realises that the time comes
from the horizontal motion and clearly states t = I/v. This scores
3 marks and is an example of an excellent, well laid out answer.
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(3)

o —

.F~,m°x = (N) ij(m)(s 2)
-_-><_,) _(5gm) Loy s () ()

1 TN ]
(rY Thameonn dotarmined the anals £ ot whinh tha lv\nnm wrac Aatlantard

ResultsPlus

Examiner Comments

This candidate doesn't even substitute for F = EQ
into F=ma and clearly has not made the link between
horizontal and vertical motion. Showing that the
equation is dimensionally correct is not sufficient.

Examiner Tip

Remember that an electron moving into an
electric field at right angles to its velocity is
an example of a projectile type question.

28 GCE Physics 6PHO04 01




Question 17 (c)

The angle cannot be measured directly but Thomson needed it for his calculations and it was
found by using the trigonometric function tan with two lengths that could be measured. The
majority of candidates thought that it was somehow calculated from a variety of equations
and even when they realised it was to do with measuring two lengths, the descriptions were
poor so they often only scored one mark and this was for the sue of tan 6.

(c) Thomson determined the angle # at which the beam was deflected.

Suggest how this angle could be determined.
(3)

MQJGSW‘Q, U’\b dﬁ:b%“tce,) (-FOW\ U'U., htqkes quf
. L U'u, CMEV _O'E U’\L ’%kwfc;:(,em(v wWeel
edsure. %fdvd‘de(mmg,"\(rom the cmber of
e Elucesceqat «eem bo  whure bhe etu,(,rw

Lﬂ.ﬂdw Cond  use {nL\qq"Os Umor'ﬁ
o work out B

Examiner Comments

A good example that scores all three marks.

Examiner Comments

A lot of the candidates wanted to calculate the angle from a

formula which did not get any credit. This candidate goes on to
use velocities but just saying 'using pythagorus' is not sufficient
detail. Similarly, just saying 'use trigonometry' is not sufficient.
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Question 17 (d)

To score the marks candidates again needed to set out clear unambiguous steps.
Comparison of the two equations showed clearly that the first had been divided by v. In
order to score any marks candidates needed to establish that tan 6 = vertical velocity/
horizontal velocity.

(d) The angle & is also given by

tanr‘izﬁxL2
m
Show that this equation is correct,
(2)
v
— £ '
ton 8 = [/ (cee chiag mm)
AR Vo e
v B

Examiner Comments

A clear answer, with tan 8 = v /v clearly identified
as is the divison by v so this scored 2 marks.
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Question 17 (e) (i)

More than half of candidates scored this mark. The examiners were looking for the idea that
the electric force that provided the vertical acceleration could be replace by a different force,
in this case a magnetic force. Quite a number of candidates said that the electric field had
been replaced by a magnetic field which missed the idea of the use of force that the fields

provide.

(e) Thomson replaced the electric field with a uniform magnetic field which acted over
the same length as the plates, He adjusted the flux density 8 to obtain the same
deflection on the screen.

For this arrangement he assumed that the vertical component of velocity gained by
the electrons as they leave the plates is given by

Bev |
— b4

vy
m v

(i) Thomson just replaced the term eF in the equation in part (b) with Bev.

Suggest why he did this.

Ao ef v epal B e fome foc elailric

Rodds ood fee pognedic Fads €= Pev B

ﬁ ResultsPlus

Examiner Comments

Quite a wordy answer but this candidate has clearly
understood that one force is being replaced with another
force, so that the equation is dimensionally correct.
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(e) Thomson replaced the electric field with a uniform magnetic field which acted over

the same length as the plates. He adjusted the flux density B to obtain the same
deflection on the screen.

For this arrangement he assumed that the vertical component of velocity gained by
the electrons as they leave the plates is given by

Bev |

V., = ———

¥
m v
(i) Thomson just replaced the term eF£ in the equation in part (b) with Bev.

Suggest why he did this.

(1)

A “niform eleckic ‘F\C‘OK ham . Foe. Sond,

F’Ufce_ . '\"\fu:c"\tw?- e Lield

This is just a definition of a uniform
field and does not answer the question.

OO ResultsPlus

Examiner Tip

For this question, you need to remember
how the equation was derived.
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Question 17 (e) (ii)

To answer this part candidates had to think again about how the equation had been derived.

Very few candidates scored both marks and only a small number scored 1 mark, usually for
identifying that the magnetic force would give a different path. They were unable to think
of the consequence of this when the equation was derived i.e. that the horizontal velocity
would not remain constant so that t = |I/v was no longer applicable.

e : Bev :
(i) Give two reasons why the equation v, = *— is not correct,
m v )
(2)

1. pecouse . B is prreenduemar. o Tar. owrent & woil) Prodasce
o. motion. . e LLCKDNS. 0. 0. GCodlor oot

2 Becoudse fyvs velocinies. Councel. oo afiass owk 7. sothe. wats
wewANY . be hU‘c’L\.G%Qqu_

(Total for Question 17 = 13 marks)

ResultsPlus

Examiner Comments

A typical answer from a candidate who scored 1 mark which was
for identifying that the B field would produce circular motion.
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Question 18 (a)

Overall candidates scored better on question18 than they did on question 17 with the
weaker candidates being able to score quite a few of the marks whilst the question still
provided discrimination across the ability range.In (a) we were looking for the idea of
symmetry in the standard quark-lepton model. We were happy to accept the idea that the
quarks come in pairs e.g. up and down, charm and strange etc. but it would seem that
many candidates could be confused by thinking that pairs mean quark and antiquark.

18 (a) Physicists were able to confidently predict the existence of a sixth quark. State why.

£ A aadd ot S Sptrneend,
g ..0. T’{‘ 4 lw”f/{"‘m Iy + Ao _ }?Z g« Gl

A )
| o
D
ResultsPlus
Examiner Comments
A very full answer, just the reference
to symmetry was sufficient.
1)
’%b Ma. stendocd | poelel .L\Q.$ =St reas /"."« Hee a....ef

Sy efey...fo iHy s Mhere  odld Le a4 Six 4L AT frined

s

Examiner Comments

Another good answer

)
Q ResuitsP
Examiner Tip

You need to be clear that quarks come in pairs
i.e. up and down, strange and charm, bottom
and top. As well as these 2 quarks there are 6
antiquarks so an up quark can be thought of as
a pair with the up antiquark. Care is needed in
particle physics when talking about pairs.

us
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Question 18 (b) (i)

Similar questions have appeared on previous papers and we will accept the idea that

a particle and its antiparticle have opposite charges. Ideally it should be charge of the
same maghnitude but with the opposite sign. It seems to be accepted that the phrase
'opposite charges' is sufficient. We also accepted the charge on the proton is +1 and on the
antiproton -1. However that is not true of 'different charges' or 'one is positive and one is
negative'. The majority of the candidates did score both marks but this is a definition that
all candidates could learn.

' O — T —
(b) The mass of the top quark was determined by an experiment. Bllisions between
protons and anti-protons occasionally produce two top quarks.

(i) How do the properties of a proton and an anti-proton compare? MOSS E’JCC ‘
-

| hawe all the sare properhies’ exco_p\:
Tﬂb?c\f\crge whidh will be duferent.

ResultsPlus

Examiner Comments

Mass is the only property that is the same. It is not
enough to say that the charges will be different.

\

Examiner Tip

The statement: A particle and its antiparticle have the
same mass but opposite charges, should be learnt.

dﬂ):r.)je Ai, cuej _(__J_:j

ResultsPlus

Examiner Comments

(?"C)‘t:« \\as : 1.0 C[mhﬁc . o.ujL l,ffOLﬂ”‘ l\‘""ﬁ ll ‘”‘4 f?j

One mark for the charges being +1
and -1 but no mention of mass.
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(b) The mass of the top quark was determined by an experiment. Collisions between
protons and anti-protons occasionally produce two top quarks.

(i) How do the properties of a proton and an anti-proton compare?
(2)

Q... Protan Conarsta . OF . anN.. QU  equanc,, . 6F. queLres

U

ﬁ ResultsP

Examiner Comments

Giving the quark composition is not

comparing the properties of the particles.
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Question 18 (b) (ii)

Particle collisions is an example of conservation of momentum and candidates need to
understand that this underpins all collisions. One mark was available just for stating that
momentum had to be conserved but a significant number of candidates tried to answer
in terms of conservation of energy or like charges repelling. Most candidates who did
realise that momentum had to be conserved failed to make the comment that the initial
momentum was zero.

(ii) After the collision the two top quarks move in opposite directions with the same
speed.
Explain why.
| B&M Eﬂ'ﬂu :S i Gonvsirvey hebwran e anpihilmbien .f fé
J
I P l:.tm‘\ an/ ‘N’" 'f’“"-n -’.'Olusm} Gp Lamne ‘ﬁed ant/ (VA
gfllns‘.’{! d . rabiock e pes.lt ? Trus,'p(jp J.”Ys_

ResultsPlus

Examiner Comments

This response scores 1 mark.
A

ResultsPlus

Examiner Tip

The conservation of momentum is
the starting point for all collisions.

("045|th0'\| # [-“-"‘U-“u"'l*\)-'“ q
@ Zer ol mompafim o L!'r'}jm N ﬂq. SO Mo (o5

Momntwn {kj mave F 4 vl ‘;}‘?r"f.'i’{ 'J}ru'g'l” ki 7h q_}"j}?;fj.}f cﬂ:r{c.[\a-".

L

ResultsPlus

Examiner Comments

An example of an answer that
score both marks.

GCE Physics 6PH04 01 37



Y0P queems Ynave | NWC . Onanyd S0 Yy 0epU
Thew Sow e Sare SQted b Cavt MOMeton 13

Co NSamed -

ﬁ ResultsP

Examiner Comments

A significant number of candidates thought that
charges repelling was significant. The most
common mark awarded for this section was 1 for
at least recognising that momentum is conserved.
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Question 18 (c) (i)

The specification requires candidates to use and convert between the non SI units used in
particle physics. Candidates needed to start with either a statement that mass is measured
in GeV/c2 or energy is measured in GeV and them use a momentum equation to arrive at

the unit of momentum.

can be detected and their momenta measured.

particles. The two muons are shown as py and ps,

printed at the end of cach armow

(c) The two top quarks decay rapidly into two muons and four jets of particles. These

e diagram shows an end-on view of the directions of the four jets (11 to J4) of
A muon neutrino 15 also produced
but cannot be detected, so is not shown. Each momentum is measured in GeVic

I'he magnitude of the momentum for cach particle or “jet” is shown by the number

i

|
48
. | 7
Bl | 7
— i e
1n - j_,,-f'f 14
Scale: | em represents 10 GeVic
(1) Explain why GeVie is avalid unit for momentum
\"Aﬂ'#.- {';
i [ ’ F
hecacvse  £z=mc ¢ brel % cla, 2thergy L
C 1% fpecd 56 p-mv E=(¢ XpV 50
. — My 20 {,T'f({/ = vl Bk
. -
Sé¥

ResultsPlus

Examiner Comments

Not many candidates scored this mark but this is an
example of what was expected. This one starts with
a statement that GeV is a unit of energy and then
works through momentum and energy equations to
justify the unit. It was perhaps easier to start with
mass being measured in GeV/c? and using p =mv.

A
Q ResultsPlus
Examiner Tip

It is essential in particle physics that
you know that the if the rest mass of a

particle is 100 GeV/c?-its energy is 100
GeV and its momentum is 100 GeV/c.
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Question 18 (c) (ii-vi)

Q18(c)(ii) It was pleasing to see how many candidates knew that a closed polygon of
vectors was required. Strictly speaking arrow heads should have been drawn on the
vectors but this time we did not penalise candidates if they were missing. There were, not
unexpectedly, some candidates who did not realise that the last neutrino's momentum
was required to close the polygon. More care could have been taken by some candidates
to draw the vectors accurately and where this was poorly done their answer to part (iii)
was usually out of the accepted range. Q18(c)(iv) This was generally well answered with
most candidates adding the seven vectors although some candidates added six vectors,
randomly omitting one of the medium ones because this gave an answer very close to 300.
Q18(c)(v) A lack of understanding of the equivalence of the particle units meant that very
few candidates scored this mark. They often divided the 300 GeV by two, which is all they
had to do, and then proceeded to divide by c2. Q18(c)(vi) Another example of where the
specification is poorly understood by many candidates. Not many candidates seemed to
realise that the top quark is massive in particle terms and that the difficulty in finding it
was to do with the high energies required. Consequently many told us that the difficulty in
finding it was due to its mass being so small.

{11) The vector diagram shown below is not complete. Add to the diagram armows
to represent the momenta of 13 and J4

o

A

.,
4

/ - -
/67
. i
B2 | ... |
|
1 ¥y
|
x 1 |
AL
1
4 .
|
|
|
1
Scale: | cm represents 10 GeVic |
(iti) Complete the diagram to determine the magnitude of the momentum of the
UGN neutrind,
(_. ¥
Momentum /F"/ GeVie

+lus
/\ Examiner Comments

A good example of what was expected for (ii) and
(iii) with vectors drawn accurately and the candidate
understanding the concept of the closed polygon.
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(i) The vector diagram shown below is not complete. Add to the diagram arrows
to represent the momenta of J3 and J4.

2)

Scale: | cm represents 10 GeV/c

(iii) Complete the diagram to determine the magnitude of the momentum of the
muon neutrino,
(1

Momentum = q7 GeV/e.

r o ' A ‘

(iv) Show that the total energy of all the products of this event is about 300 GeV. |
(1)

Muon
) AT HAAE2 +H40+9+(948 =22 9GeV

(v) Deduce the mass of a top quark in GeV/c?.
(n

RIceV =N’ M=3.656x0 GeY

C

(vi) Suggest why it took a long time to find experimental evidence for the top quark.

The & oqule o sm
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(Total for Question 18 = 14 marks)

Examiner Comments

An alternative way of scoring the three marks for (ii)
and (iii) which is reversing the order of 13 and J4.

(iv) Show that the total energy of all the products of this event is about 300 GeV.
(1)

M dmww\v*ec.{-m; Bd scm

DY Sernre (O Creidily o' gwc’”bv
(9

(v) Deduce the mass of a top quark in GeV/c’.

(1)

(vi) Suggest why it took a long time to find experimental evidence for the top quark.
(2)

R 4 G0 eneleges . hiah Lo GO0 FFe

@{MNMm&WW%ww@ﬂ%(se—

As deir fest puss ups (oud Adt e (Cadied
(Total for Question 18 = 14 marks)

ﬁ ResultsPlus

Examiner Comments

There is no indication of how the answer to (iv) was arrived
at so no mark awarded, although this is a mark that most
candidates did score.

A rare example of a candidate who gets a mark for (v).
Generally candidates do not appreciate the equivalence of the
particle physics units.

In (vi) there is a correct statement about the high energy
required but although the mass is referenced it says that the
rest mass couldn't be reached which is not telling us that the
mass is large.
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(iv) Show that the total energy of all the products of this event is about 300 GeV.
(N

OB+ CQAL O+ B4 28 497 2330
=30o Qe

(v) Deduce the mass of a top quark in GeV/e?.
(1)

¢ 3 16SGelV
=7 %

(vi) Suggest why it took a long time to find experimental evidence for the top quark.
(2)

ek lovge . ocmss. . ond s %_Mgheﬂ%’ﬁ
reeded. B cecite  kewxe. €z o0c?.

ﬁ ResultsPlus

Examiner Comments

An example of a candidate who scored all of the
marks for these question parts.

There were 7 marks available for (ii) to (vi)
and more than half of candidates scored 3, 4
or 5 marks, although only a very small number
scored all 7 marks.
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Paper Summary

Key points to help students improve their performance are:

e Think carefully before applying the first equation that comes to hand. Some calculations
are multi-stepped. Look at the marks available.

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

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

e Remember that if an explain question has numerical values, then calculations are more
than likely required.
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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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