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Introduction

This paper seemed more accessible to candidates than the previous ones, perhaps in part due to the
fact that this is now the third paper that has been set for this unit. Most candidates who sat this paper
were able to demonstrate their understanding of the full range of topics in this unit. The responses for
all questions covered the full range of marks allowable with full marks being seen frequently for all
question parts. Well prepared candidates appeared to be able to do well on any section. However in
reality even good candidates dropped some marks but the section that this happened on was random,
justifying that all parts of the paper were accessible. Where the more able candidates struggled was
on the questions that required continuous prose i.e. questions 13 and 18.

Section A Multiple choice questions

These produce good discrimination with the E grade candidates usually scoring about 5 and the more
able candidates often scoring the full 10 marks. The highest scoring questions were 2, 4 and 8. The
lowest scoring questions were 3, 9 and 10.
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Question 11 (a)

The vast majority of candidates knew that a 3 quark particle is a Baryon.
Question 11 (b)

This part was also answered well, although many candidates did not realise the need for a '+ sign
on the charge. In this type of question, examiners will not take the absence of a sign to mean it is
positive.

(b) Calculate the charge on the lambda particle.
(1
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Charge = [ anit o chogo

Plus

Examiner Comments

Note the lack of + sign.

Examiner Tip

When identifying the charge on a particle, you
must identify if it is positive, negative or has no
charge.
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Question 11 (c)

The question specifically told candidates to use standard particle symbols, however, many candidates
did not seem familiar with standard symbols and added various symbols of their own e.g. a minus as a
superscript or subscript next to an anti-proton symbol.

(c) Write an equation using standard particle symbols for this decay.

© o
B YN 0%@

4

Examiner Comments

Note the incorrect use of lambda symbol which was given in the
question. The candidate also incorrectly worked out the charge on this
particle (+).

The symbol for an anti proton is p bar.

Examiner Tip

Learn the standard particle symbols and if one is
given the question, copy if correctly.
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(c) Write an equation using standard particle symbols for this decay.

A7 B— 1+ A

[ Plus

Examiner Comments

This candidate correctly worked out the charge on the lambda particle
and indicated this correctly, but incorrectly added to the anti proton
symbol.
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Question 12

This question produced good discrimination between the candidates. Full marks could be scored from
written text but those that added to the diagram, for instance, showing the neutral tracks, generally
scored better. A number of candidates ignored the hint "with reference to the photograph” and tried
to describe, often vaguely, various lines on the photograph. Some candidates commented on the curve
of the lines and the spirals, this was not relevant to the question that was asked. Other candidates
just reworded the question and made no reference to the photograph, whilst others wrote at length
about bubble chambers.

*12 The photograph shows tracks produced by charged particles in a bubble chamber.

At X, an incoming charged particle interacts with a stationary proton to produce a
neutral lambda particle and a neutral kaon particle. Both these particles later decay
into other particles.

With reference to the photograph, describe and explain the evidence provided for this
event.
(4)
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Examiner Comments

Examiner Tip

The candidate could have labelled the diagram and drawn relevant ideas. s . dditi di
This scored 2 marks for the idea of the abrupt end of the track and that omgtlr;:els ? l itions to a diagram
neutral particles can not be detected but the rest is too vague for any can be helptut.

credit.

J

*12 The photograph shows tracks produced by charged particles in a bubble chamber.

e —

~

At X, an incoming charged particle interacts with a stationary proton to produce a
neutral lambda particle and a neutral kaon particle. Both these particles later decay
into other particles.

With reference to the photograph, describe and explain the evidence provided for this
event.

(4)
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Examiner Comments

This candidate identifies the two further points of interest and helpfully identifies them in the image.
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Question 13 (a)

This question specifically told candidates to add to the diagram, but a number of candidates did not
follow this instruction. Two correctly labelled arrows scored three of the four marks. Other candidates
wrongly drew curved lines for force direction. The best answers showed directions of force on sides
AB and DC. Some candidates understood this well and wrote clear explanations. Many wrote that

the commutator kept the current in the same direction instead of explaining that it kept the current
direction the same on left and right sides of the coil by reversing the current direction.

13 The simplified diagram shows a d.c. electric motor, The split ring commutator consists
of two copper semicircular sections attached to either end of a coil. Fixed carbon
brushes rub against, and make electrical connections to, the split ring commutator.

Axis  Coil
A
C
' A
Permanent 4{:-
magnets

I ~
V' Fixe
Split ring commutator <~ Fixed
carbon
brushes

(a) Explain why the coil turns and why it continues to rotate. Add to the diagram to
help your explanation,

(4)
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Plus

Examiner Comments

The candidate refers to a force and a wire, but does not add to
the diagram to show the direction of the forces or direction of

Examiner Tip

Read the question and follow
the instructions.

rotation. This answer has a separate diagram showing the direction
of the magnetic field, unfortunately the direction of the force on
the current carrying wires is not shown. This scored 1 mark.

J

Axis  Coil

Permanent 7
magnets

S~ .
~Fixed
carbon
brushes

Split ring commutator

help your explanation.

ﬂs Cument E{DNS ‘ﬂr«ou}l« the coil , me Dt A, o

See, gw Flﬂmmmss Ie#hw' Ay that the. dicechon of. th.

lo. tun the col anbicloduiz

Good use of the diagram.

13 The simplified diagram shows a d.c. electric motor. The split ring commutator consists
of two copper semicircular sections attached to either end of a coil. Fixed carbon
brushes rub against, and make electrical connections to, the split ring commutator.

(a) Explain why the coil turns and why it continues to rotate. Add to the diagram to
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Plus

Examiner Comments

(4)
foree adls

on the ﬁﬂ' pectof e
F""‘QA
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Question 13 (b)

Most candidates realised that an opposing e.m.f. was produced, but the descriptions given were poor.
Candidates need to realise that when there are four marks they should make four different physics
points, none of which should be a repeat of what they have been told in the question. Candidates
who realised that this was about lenz's law sometimes lost marks by refereing to field lines instead

of flux or induced current rather than induced e.m.f. Quite a few candidates though that this was a
heating effect due to current flow and resistance increasing or friction at the commutators.

If there are 4 marks there should be at least four good points to make.

*(b) When the motor is first switched on the current / is large. As the coil turns faster, the
current decreases.

Explain these observations.
(4)

Yon Yo d @nﬁ\& Mo A eereass, p QG A Mertans
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’ Plus

Examiner Comments

Lenz's law is about the cutting of flux lines. This candidate scores 1
mark for mentioning Lenz's law.

Examiner Tip

If you realise that a question is about Lenz's law,
remember to talk about flux not fields and also
mention induced e.m.f.
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*(b) When the motor is first switched on the current 7 is large. As the coil turns faster, the
current decreases.

Explain these observations,

(4)
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Plus

Examiner Comments

This answer is fully developed. The candidate notes the effect of
induced e.m.f. and describes this thoroughly.
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Question 14 (a)

(a) What is meant by a fundamental particle?

Suedlle v m memmwﬂm

fhy Qlrateh tha alastrin flald arcnnd « 2

[

Examiner Comments

Although this is factually correct, the answer does not describe what is
meant by fundamental.

Although most candidates scored this mark, the most common error was to say 'smallest particle'.
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Question 14 (b)

A lot of candidates scored full marks. Those that didn't, need to remember to use a ruler for this
type of diagram, with equispaced lines and an arrow to show the direction of the field. Sometimes
candidates end up with non equispaced lines because they try to draw too many. Four lines are
sufficient.

(b) Sketch the electric field around a muon.

(3

Plus

Examiner Comments

These lines are not equispaced.

Examiner Tip

Make sure field lines are drawn with a ruler and are
equispaced if appropriate. Limit yourself to 4 lines.
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Plus

Examiner Comments

These lines are not radial (or equal spaced).

Plus

Examiner Comments

These are not drawn straight.
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Question 14 (c)

Some candidates worked backwards. They worked out the "mass of an electron” by dividing the mass of
the muon by 200. This gained 2 marks. When a question says "show that" the candidates must calculate
the answer which they can then check is about 200.

(c) The mass of a muon is 106 MeV/c*. Show that its mass is about 200 times that of an
electron.
(3)

X6 xefeV x ) -..C;;xxoﬁ\c\ = )V.696x\o "
|- &6 xio

(zﬂmalh =1 '8%»:\0”28"‘@5 |
Ee=Glxo s
q.-|f>_<__\o__1‘}_.z<_f200_ = V.22 x0] Z?’st
:{ | 88)(1(;)‘2_‘8 ,(8 .

Plus

Examiner Comments

The candidate should have divided the mass of the electron into that of
the muon and shown that their answer is about 200 (206).

Examiner Tip

In a 'show that' question, do not work backwards.
i.e. don't start with the 200 and end up with a
muon mass near 106 MeV/c?.
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Question 14 (d)

Generally, this was well answered with many candidates scoring full marks. Where errors were made,
it was often that having correctly identified the r? in the equation, candidates forgot to actually
square their value. Similarly, some candidates doubled the charge instead of squaring it.

(d) Calculate the electric force between the muon and proton in the muonic hydrogen
atom.

distance between muon and proton = 2,7 x 10 B'm

(2)
k@G (40 (fexie™)ClbxoT
F:_rTH ) L2 ke
< B.5°0 xi0” b
: t e 15 -y -
Electric force = 552 % 107 1J

Examiner Comments

An example of a candidate who doesn't square r.
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(d) Calculate the electric force between the muon and proton in the muonic hydrogen
atom.

distance between muon and proton = 2.7 x 10"% m

(<)
Rz 1:ex07’ C Gz m):6x1077 C Kzl
&
F: [ 4 &er S S

b B-35x10 12

SN EEHOYg w0 s re oY =Y I ke

(2.7x)00713)2

= -2, 91 x10° 2% N
y)

" - -13
r:;q\‘; "’"'3 each other Electric force = .= 9+ J1x\o N

us

Examiner Comments

The candidate has calculated a wrong value of k rather than use the
value given on the data sheet. This scores 1 mark.

Examiner Tip

Candidates should be familiar with the data
provided.
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Question 14 (e)

This was a synoptic element requiring candidates to recall emission of photons from excited energy
levels from unit 2. Those that realised this generally scored two marks, but not many candiates
related the large energy difference needed to produce X-rays.

(e) Emission line spectra in the X-ray region of the electromagnetic spectrum can be
detected from muonic hydrogen atoms,

Outline the atomic processes that produce emission spectra and suggest why they are

X-rays in this case. ?
(3)

TA@? Acwe O 5&9(/’ /:fff (similer o ¥ rays)
Anc o'jf ccuj )’c) C/é’.(.’j/fa?ftf. ﬂf’ r’tf/q/n'vc’/j
/aﬂ}g{_ mas.s (Cd’mﬁmﬁc) )’o 7748 eZec/fmn) z,qauf"c)
(AUeR A ‘jfgnr}f(_qn/’ aun C’Uﬂff c'} g‘.’@f’adf'd})bn
WAEA t;))f"mcgr}q@, cmc) o)uc: /c) L3 mas.s C)/ﬁl/ﬁ?r@a
He cenrecyy of He radiahion riedl) be very
/w'gL (ke xray),

Plus

Examiner Comments

A common wrong answer where the candidate thinks there is a decay
process involved. The answer required a discussion of energy levels.
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(e) Emission line spectra in the X-ray region of the electromagnetic spectrum can be
detected from muonic hydrogen atoms.

Outline the atomic processes that produce emission spectra and suggest why they are
X-rays in this case.
(3)

N eleckmns. ain. energy. ko get o on anargy
level W pet oleop. back . downa .. o A e:rnﬁmw
enefyy.. el My releas. o pcr_uu',l OF 212Gy
photon wihh o Cuftain ARy LN S Gade

e - oy ol alob. of Unerg .. 1§ 'Bemq ramas»ed'

Plus

Examiner Comments

An example of an excelent answer that scores all three marks.
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Question 15 (a) (i)

Most candidates scored one mark for the idea of the capacitor discharging, but the idea that this does
not happen instantly was not well expressed.

Switch S

10 ;.LFT

(a) (1) She moves switch S from X to Y. Explain what happens to the capacitor.

Examiner Comments

The idea of capacitor discharge is here but not the idea that there is a
time factor involved.
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Question 15 (a) (ii-iii)

Many candidates showed an exponential shape and correctly indicated the initial current. Candidates
need to know the characteristics of exponential decay and make them clear in an answer i.e. they
should start on the y-axis but should not touch the X-axis. Many did not indicate any value of time,
while others omitted units from the axes making any values meaningless. Part (iii) was very poorly
answered with very few candidates realising that the charging capacitor actually follows a similar
pattern for current (but negative), most thought the current was now an exponential increase.

(ii) On the axis below, sketch a graph to show how the current in the ammeter
varies with time from the moment the switch touches Y. Indicate typical values
of current and time on the axes of your graph.

(3)
Q;U(—f -6
V=30 O 10X lQ“*"f:
o C
1= Vi Q- o~ " e
G :Q Q -b
2\8 P T
T /SCBO o = OO ‘e
e
T = Lx0 A
e 2 mi\
Y
gk 2.mA ” \
0 5 Bt
Ti M-L/ SRCOAMYS |

(iii) Describe how the graph would appear when the switch is moved back to X.
(2)

c oEpc > e , .
.,.,c,..ck\se). Niamae . = RN R AP aneosead . Sonemany

o IO Y. IR IV T E . 2

s

Examiner Comments

he candidate should have added a value to the time axis. many calculated the time constant (0.05 s)
and put this on the appropriate place on the time axis. This scored 2 for the general shape and the intial
current value. Calculating the time constant and adding this value to approximately the right point on
the time axis would have given the third mark

In part (iii) many thought the current would increase.
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Question 15 (b)

The calculation of energy stored in the capacitor was generally well answered.

Question 15 (c)

Whilst there were a lot of fully correct answers, the common error was due to a misreading of the
question. Candidates reading it as a p.d. of 0.07 V rather than a ratio of its maximum value.

(c) The student wants to use this circuit to produce a short time delay, equal to the time
it takes for the potential difference across the capacitor to fall to 0.07 of its maximum
value.

Calculate this time delay.

U:\JcQ-/QC
- A B -G
a1 =Qe Bwe U = 087
0.1 =@ oo © o=
_lr/ - _ _ -
Q.67 = Q@ ‘°cs E SRS
~%.os.=. \0Q.OT . Y= €3 1.9

Time delay = S B SN

Plus

Examiner Comments

This candidate got the right ratio but has slipped up when rearranging
the formula.

Examiner Tip

Read the question carefully.
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Question 16 (a)

This produced quite a range of answers. A lot of candidates are now giving sensible comparative
answers e.g. “most” alphas go straight through, “very few” are deflected through very large angles
etc. Some answers contatined far too much detail e.g. expalining what Rutherford’s nuclear model
was, rather than just the observations. Examiners were looking for the comparative statements e.g.

most, some or few and very few as the three categoreies. Most lost marks were due to poor expression
rather than misunderstanding.

16 (a) Describe the key observations of the "Mﬁ scattering experiments which led

to Rutherford’s nuclear model of the atom.

(3)

Tt kay Qeseniakions. (ncuted ok Ehe mayority of O 4 e
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pOSiBve. Chavee ((\ (s 10 (pel tine.. 't He. .. Lutherfar ol
LAt fre  centre 0f Ve IR, e nuctess

[

fus

Examiner Comments

The word majority is not enough - it is the vast majority or better still
'most’. Some reflected back is not good enough, it needs to be very
few.....This candidate obviously has a good idea of what is happening but
does not score any marks.

Examiner Tip

This type of question on Rutherford’s scattering
experiment is likely to appear regularly and the answer
could be learnt by candidates.
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16 (a) Describe the key observations of the alpha particle scattering experiments which led
to Rutherford’s nuclear model of the atom,

Examiner Comments

Many candidates did not specify that "very few" are deflected through large
angles. A number of answers blurred the distinction between at least two
from straight though, small angle deflection and large angle deflection.
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Question 16 (b) (i)

Many candidates gave a good brief description of a LINAC. Most mentioned tubes of increasing
length but some candidates weren’t sure if there were tubes or electrodes. A few forgot to mention
the alternating potential difference while others refererd to an alternating current which was not
accepted.

Some candidates confused the different accelerators and talked about magnetic fields in place of
electric fields.

(b) Experiments at Stanford University’s linear accelerator (linac) accelerate electrons up
. o N
to energies of 20 GeV,
W

(i) State the main features of a linac.
(3)

\ectvogles .
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Examiner Comments

This answer confuses the tubes and electrodes. They are one and the
same.
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Question 16 (b) (ii-iii)

In part (ii), quite a few candidates were able to complete this calulcation correctly. Others were
unable to convert GeV into Joules (unit 2 knowledge and needed for particle physics) while some
attempted the calculation without using the equation given in the question. Some candidates who
could do the calculation lost the third mark because of the omission of a unit for the wavelength. In
part (iii) we required a comparative reference between wavelength and nuclear structure. It was not
enough to say the wavelength has to be small. Some candidates compared the wavelength to atomic,
rather than nuclear, structure.

(i) Calculate the de Broglie wavelength of 20 GeV electrons. At these energies, the
following relativistic equation applies £ = pc.
(&)}

A- i ZO“.-'()‘P . 486> M%ﬁ,’_

: L
R S
€307 - 9 psyo™
O B

-3 7
De Broglie wavelength = .. J. 1x_ (0 .'fé‘ .

(iif) Suggest why these electrons would be particularly useful for investigating
nuclear structure,

TL..lech mndff. 4. i

(n

us

Examiner Comments

A number of candidates forgot to change GeV to Joules.

Examiner Tip

make sure you can convert between the units . e.g.
eV and Joules
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Question 16 (b) (iv)

A lot of candidates did realise, that the evidence suggested that the proton was not uniform, but very
few made any reference to the quark structure of protons. Quite a few answers were given in terms of
the structure of a hydrogen atom and the spaces between the protons in hydrogen so another example
of when candidates need to read the question carefuuly and answer the question that is asked.

Question 16 (b) (v)

This was answered well with most candidates able to define an inelastic collision.
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Question 17 (a)

Whilst a lot of candidates recognised that the magnetic field caused circular motion, only the more
able candidates talked about the force being perpendicular to the moving charged particles. A number
of candidates thought, incorrectly, that the function of the magnetic field was to give the protons a
spiral track.

Another question in which adding to the diagram helps the answer in most cases.Candidates were
expected to point out that the function was to bend the path into a circle.

i 3

17 (a) A cyclotron can be used to accelerate charged particles.
Alternating potential L J
difference \ ]

1 Dee

Dee ™ I
Magnetic field

Explain the purpose of the magnetic field in a cyclotron. You may add to the
diagram if you wish.

(2)

W
/rLQ maﬂm’{(? wa’s ‘]Ll CLW&S eaalft. ot I.tjur Couw, fu’
\L.u(; *lﬂ '3""'2'"3 ?m-jfa(b {jc{wj l’bu“ﬂ A d““\““[& T

Plus

Examiner Comments

The reference to increasing circles is taken to mean spirals which is
incorrect.
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17 (a) A cyclotron can be used to accelerate charged particles.

Alternating potential
difference

»

Dee

Magnetic field

Explain the purpose of the magnetic field in a cyclotron. You may add to the
diagram if you wish.

W magrttic ik povicks a jork on the chasge . poctick. which
5 cenkiptind pnd meks it plow o citubr podh

us

Examiner Comments

This scores 1 for the centripetal force but it omits reference to it being
due to the fact that the force is at right angles to the particle's motion.

Examiner Tip

It is because the force is at right angles tom the
motion that there is a centriptal force and this is
an essential part of the explanation.
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Question 17 (b) (i)

A lot of very untidy difficult to mark answers were produced. Teachers do need to to spend some time
expalining to candidates how to answer this type of question. It helps greatly if a few words are added
to the argument, because often there was no well expalined thread to the derivation. The derivation

was often incomplete, fudged or blank.
LA AP FrgT—

(b) A beam of low-speed protons are introduced into a cyclotron.

(i) Show that the.number of revolutions per second, f, completed by the protons is
given by
eB
f=r

2am

where e is the electronic charge
B is the uniform magnetic flux density within the cyclotron

m is the mass of the proton.

3)
W o= T taw . FeBeV
Bo j’=3ww ‘prw” : Pe v
= - W —— ;-3
lf 2T w mr r

Examiner Comments

It looks convincing but T does not equal 2mw.

(b) A beam of low-speed protons are introduced into a cyclotron.

(i) Show that the number of revolutions per second, f; completed by the protons is
given by

where e is the electronic charge
B is the uniform magnetic flux density within the cyclotron

m is the mass of the proton.

Plus

Examiner Comments

The error here is mrv?
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Question 17 (b) (ii)

A number of answers suggested that candidates thought acceleration took place within the Dees. Even
when it was correctly identified as between the Dees, few candidates could articulate clearly why the
potential difference needs to alternate.

(i)) An alternating potential difference is placed across the two dees to increase the
energy of the protons.

Explain why the potential difference that is used is alternating.

Examiner Comments

This candidate is not explicit about where the proton is given energy.




GCE Physics 6PH04 01

Question 17 (b) (iii)

The relativistic effect was not always identified, and those that did realise that the mass would
increase, did not use their knowledge of the equation used earlier to say that the frequency would
decrease. In fact many thought that the frequency would increase because the protons were going
faster.

+vely o begnd
(iii) Initially, whilst the proton speeds are low, the frequency at which the potential
difference has to alternate is constant.
Explain how the frequency must change as the protons gain more and more
energy.
(2)
AA L,L. Qm{ﬁxj ey o Af U’YA"C’('{-"{{ (—k"-‘j '_:lnn_,\..u
oot~ S ST sy Pragt b neresde & by
ha <o I W t - ) : ‘o
~r -1 G }‘\9; Sove, ‘ {v(n\r_t: L}ufg'?"?- "b’k'u rr)ade(‘ﬁ o

m“ﬂ’-fi R tld‘ froters ... ol dod tw ... othe CL?‘L .

’ Plus

Examiner Comments

A common wrong answer, the assumption being made that if it travels
faster, the frequency must increase.
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(ii1) Initially, whilst the proton speeds are low, the frequency at which the potential
difference has to alternate is constant,

Explain how the frequency must change as the protons gain more and more
energy.

T}\Q-Pﬂr{ld% O‘FWH bofnea.
PMVMLLGAJ a&é: > LmV* W?ﬂjwdwﬁwmm

m"{"{j‘:ﬁl‘t ﬂl’fﬁ’j”"hw{) ard. 0% f’ff,i rrhan TUN.
s0 doos o fFequercy |

Examiner Comments

An answer that shows that the candidate does not know whether
the frequency increases or decreases, so plays safe by just saying it

changes, which is effectively repeating the question. Scores 1 mark for
the relativistic effects.

Examiner Tip

No marks are given for repeating the question.
This candidate would have been better guessing
whether the frequency increases or decreases.
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Question 17 (c)

A number of candidates failed to spot the clue in the question about circular motion and leapt into
imaginative and prosaic flights of imagination. Quite a large number of candidates decided that this
was the relativistic effect rather than the previous part. This was generally not well answered.

(c) In the Large Hadron Collider at CERN, protons follow a circular path with speeds
close to the speed of light, X-rays can be produced by free protons which are
accelerating.

Explain why this provides a source of X-rays even though the speeds of the protons

are constant,
(2)

[ Plus

Examiner Comments

This was actually part of the answer to the previous question.
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Question 18 (a)

This proved extremely challenging. Candidates needed to focus on what they were asked i.e. how to
investigate if momentum is conserved. What ever the context, this requires knowledge of masses and
velocity just before the collision. Candidates wanted to measure the mass despite being told the balls
were identical and/or were not specific about finding a velocity on impact. Very few candidates had
any idea about how to actually make relevant measurements. Confusion between average velocity
calculations and really wanting the velocity at collision. Many candidates omitted to explain what
would be expected from the two balls of equal mass if momentum is conserved.

18 A student is using a ‘Newton's Cradle’. This consists of a set of identical solid metal

08 Bell A Thargrre. Gha. st . maaScu o massand..

balls hanging by threads from a frame so that they are in contact with each other.

She initially pulls one ball to the side as shown.

She releases the ball, it collides with the nearest stationary ball and stops. The ball
furthest to the right immediately moves away. The middle three balls remain stationary.

*(a) Explain what measurements the student would take and describe how she would use
them to investigate whether momentum had been conserved in this event.

(4)
gL, Gon . 8gp fo. be (enSemed  my. must
eapbal M. a({:&f o T W ol St Metgs kalls

Weoud. e Oums ta Clasl wilsh  Se tntal.

~pweuld eqpal Cuemass. o el A. wwu«e%.

hen. . Nodete.  miasurt the Mass omd. M(@@%M o

AKer. G (odhsan. , To laltodods. 8. Momidtum. L & Gmmd.
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AL P ﬁmﬂ VB

Plus

Examiner Comments

Many candidates stated measure velocity - how? They might have
mentioned height and use of PE - KE formula. They might have
mentioned distance - time methods although this could yield average
velocity or they could have discussed light gates and diameter of ball.

ﬁ%ﬁ”"fml 2’/’/ fu? velocly ke

; Cf{fdum//gg /jﬂm 1
u,p?f_hg;jbi A’mﬁ??zf (f{n f?‘w_ (@mé cf [/ tfm(/

Eme 'ulmi T Lol Jf/mnﬂ ad the éup it for e To full).
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the Rinf el , wd poa the roustm ¢ (he g bot! &
xul U),L Con be. Compaed e
Fv[{w’m 1*4 ‘)Ma Could assume, ﬂwel 8 Hotgndom. Wes2 (’J‘f s

F,&J, 'U F—f"‘ ,q (; 4 ¢ {Ifu‘l’“‘*) LU'J& (’ffqﬁp)f &'}M qu ( /"..
I"q,u E ‘L‘.JUJ‘({ J/(iﬂ (W!(z\ ’Wfﬂ“i h

Plus

Examiner Comments

This answer correctly identifies the best measurement to take i.e.
height of ball. It doesn't then suggest the GPE to KE method to
calculate the velocity of the ball at impact.
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Question 18 (b)

Not surprisingly, candidates struggled to express this well. A lot of candidates did realise what was
happening here, but did not express themselves clearly. A number of answers completely omitted the
word "kinetic" with ambiguous phrases such as "energy is lost". Candidates should be giving answers
such as ‘energy is lost as heat and sound'.

(b) The student makes the following observations:

» the ball on the right returns and collides with a similar result; this repeats itself a
number of times

» after a while, the middle balls are also moving

e shortly afterwards, the balls all come to rest.

Discuss these observations in terms of energy.
)

4..00.. ey ml! \m \as“ w311 call con._bm..‘]amw; _LJ
st ey o Lot e collais, Sorne. gy wald ba b
o hed wd some ey ol bo Lok . voud. i rwiliin oA .
do show A bl dewn. The oille bl b F 4 oo J -

. T any. slight 'Lm@dcji, . A connden. Ej’ g A bl does neb
bk Huct eife Me ¥ vest ball. Those il came. ﬁi’;ﬁét}[ﬂr&w ke
el B ncend over B Ewr&mﬂg %JVU bee dll orey acd com

m’f (Total for Question 18 = 7 marks)

Plus

Examiner Comments

The word kinetic needed appropriately to be inserted.
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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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