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Introduction

The overall performance of the candidates on this paper was very similar to that produced
on previous papers. However, it appears some candidates were not familiar with the format
of question 16. Those that saw past the spreadsheet and thought about the context and the
physics of the alpha scattering experiment and then made an attempt at the question, went
on to score some marks.

The responses for the other questions covered the full range of marks allowable with full
marks being scored frequently for all question parts. Candidates were able to demonstrate
their knowledge and understanding of the full range of topics in this unit.

Section A Multiple Choice (MC) questions
The order of most correct answers to least correct was 7, 8, 3, 4, 9, 6, 10, 1, 5, 2.

The performance on some of the multiple choice questions was disappointing. Question

3, which asked for the unit of the time constant for a RC circuit, was expected to score
very well but only 59% of candidates got it right. Question 10 was another straightforward
question about the use of high energies in particle production, but again only 31% got this
one right.

The MC questions are at the start of the paper and cover 10 different topic areas; therefore,
the candidates have to recall a lot of physics, in a short space of time, at the start of the
exam. They might perform better on these questions if they started with question 11 and
12, which are usually quite straightforward and then went back to the MC questions when
they have settled into the examination.

GCE Physics 6PH04 01
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Question 11 (a)

Most candidates were able to derive the equation as asked and scored both marks.
Candidates should be encouraged to make a clear statement of the equation/equations they
are using before either substituting one equaqtion into another or equating two different
expersions for a given variable. This question asked for the given equation to be derived. t
is incorrect to take the equation and work backwards to show that p=mv. Candidates who
did this scored 0.

2

11 The de Broglie wave equation can be written 4 = where m is the mass of a

mEk
particle and E; is its kinetic energy.

(a) Derive this equation. Use the list of equations at the end of this question paper.

h

Results#lus

Examiner Comments

A well laid out answer where the
candidate's work can be clearly followed.

2

11 The de Broglie wave equation can be written A = where m is the mass of a

mEk
particle and E; is its kinetic energy.

(a) Derive this equation. Use the list of equations at the end of this question paper.

V2mmvt | ntvy mY

Resultsilus Q\

Examiner Comments O

Flus
Examiner Tip

A reverse argument answer. Do not take the equation and work backwards.
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Question 11 (b)

A significant number of candidates scored full marks for the calculation but the most
common error made was in not realising that KE was eV. Less able candidates confused their
symbols and used KE =1/2mv? substituting potential difference for velocity. Additionally,
some candidates forgot the square h or forgot to find a square root.

Although the question asked the candidates to use the equation, some chose to go back and
find the kinetic energy first. They were not penalised for this because they had effectively
penalised themselves in terms of time spent on a longer method.

‘ (b) An electron is accelerated through a potential difference of 2500 V.,

2
Using the equation 4 = m calculate the de Broglie wavelength of this electron.
mE
. 3
:(G:.-/(o:\, ey =Y j N=6-6 Ao
_— =y . . o INAQ
. ’ 9 "
A2l 50 be wo
N=353784-Gen. MO =QV .

e S
Wavelength = Q-0

(Total for Question 11 = 5§ marks)

)
Results¥lus
Examiner Comments
Value of h hasn't been squared.
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(b) An electron is accelerated through a potential difference of 2500 V.

2

Using the equation A = calculate the de Broglie wavelength of this electron.

2mE,
(3)

e 6 szio O Be NV

e dnxie Lj . ALY

Bz bixw ' s o o Epe V&R

B - 28005 )6x6") €

e
PG

2,‘Glﬂxl.o :cluﬂo )

| ) 2:45x1S3 " m
Wavelength = 2'.‘.{5)‘.&‘:’?—.” m.

(Total for Question 11 = 5 marks)

ResultsPlus

Examiner Comments

A well laid out answer that is clear to follow.

Examiner Tip

When substituting into an equation care must
be taken to ensure all steps are included.
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Question 12

Part (a) was a straightforward calculation of values, plotting of points and drawing a line
of best fit. Quite a few candidates did score both marks, but significant errors were also
made. This question is based on practical work and so the values for the table should be to
3 significant figures, consistent with the other values in the table. Some candidates chose
to draw the line first and then read the missing points off the graph whilst others having
calculated the values and plotted them failed to draw the line.

Part (b) required candidates to understand the log relationship and this was more
challenging. Many did not realise that they had to find the gradient and tried, usually
unsuccessfully, to substitute into the formula, losing both marks. Of those candidates who
did find the gradient most of them omitted a unit when they equated the gradient to the
constant. Normally this would have resulted in the last mark not being awarded, however
because of the difficulty of the concept involved and there only being two marks, it was
decided not to penalise the lack of a unit. This does not set a precedent for future papers.
Candidates need to realise the possible penalty of working to too few significant figures.
Since the range of gradients we were looking for was 0.061 to 0.066, candidates who
worked to 1 significant figure 0.06 did not get the mark.

An example of an answer that scores full marks. The unit wasn't being marked on this
occasion but InmV/m is not acceptable. Candidates need to know that e has no units so the
unit of the constant is cm™ or in this case where the candidate has converted to metres,
m-t,

12 A student carries out a practical involving a length of jelly. She places an infrared
transmitter at one end and a receiver at the other. She obtains the following results.
| Length of jelly // ¢m Receiver reading R / mV { In (R / mV)
| 8.0 72 | 4,28
r - .
‘ 12.0 | 57 | L4, ol
16.0 | 43 | 3.76
- S I, - - - +
20.0 | 33 | 3.50
24.0 | 26 _ 3.26
(a) Complete the table above and the graph below.
(2)
AN
4.5 P T | i
{ A saman
In (R/mV) ' ' & ;
4.0 F e ,H
LU e A b
35 GAS ASusE EEas AARRRS: .
{ Il i
3.0 | | ' T | | 7
0 4 8 12 16 20 24
I I/em
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(b) The student reads that infrared light in jelly can be mathematically modelled using
the equation R = Rye™* where 4 is a constant.

Use your graph to determine a value of g for the jelly.
(2)

Rz MR~ g = Pt ¢

k= /utf tgwk‘o

- by E_TZ ~
o __ G Lsﬁ’(h,,_

(Total for Question 12 = 4 marks)

+IUS

Examiner Comments
This scores full marks. Candidate has converted cm to m-.
The unit was not marked this time but if it had been this
is not an acceptable unit. Candidates need to know that e

has no units so the unit is either m™ or cm™.

8 GCE Physics 6PHO04 01



Values calculated and plotted but the graph hasn't been drawn.

12 A student carries out a practical involving a length of jelly. She places an infrared
transmitter at one end and a receiver at the other, She obtains the following results.

Length of jelly // em Receiver reading R / mV In (R/mV)
8.0 72 4.28
12.0 57 G oYy
16.0 43 3.76
20.0 33 Y. o
24.0 26 3.26

(a) Complete the table above and the graph below,

Examiner Comments

The graph is not complete.

(2)
45/\
. TTHT T ] ] TR _!___”_'_‘,__
R
In (R/mV) [T SRR AR i
a0 _3_"' ; } [ e i; I ‘ | r:_'
- + WS fAmANAORE (AN E SN om AR SR
HHE 8SiasainSSEiasct issotiRcet istEly
3SR HH
1 ! [ L
. 1|l i I : I
3.0 g H e ZHEEIN
0 4 12 16 20 24
//em

Examiner Tip

A graph is not complete until a line of
best fit has been drawn.
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Question 13

A lot of candidates were successful with part (a). The tolerance in the question was a
tolerance on the capacitance of the capacitor and candidates were expected to show this in
their working. A number of candidates found 120% of V while others did a calculation of Q
and then found 120% of that. Whilst this could give the correct numerical answer, it was an
incorrect method and scored two of the three marks. It was only a minority of candidates
who struggled with the percentage increase or could not convert microfarads to farads.

Quite a few candidates were successful with part (b) but a number of different mistakes
were made. Incorrect equations were used, some candidates used the nominal capacitance
rather than the maximum value and quite a few candidates confused their symbols for units
with the symbols for quantities. This meant that they used the charge in (a) measured in
Coulombs as their value of capacitance, symbol C.

13 A student needs to order a capacitor for a project. He sees this picture on a web site
accompanied by this information: capacitance miemnc

10 000uF 0

Taking the tolerance into account, calculate

(a) the maximum charge a capacitor of this type can hold,
3)

Q=ve . | | 0% o 0-V6C \s ©-032¢
= 16.% (10000x107%). | R
=016c 0:16+0:032 = 0142¢

Maximum charge = . ©-\aZc

10
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(b) the maximum energy it can store.
(2)

L2 exoaexet
-4 536 F
Maximum energy = . . aQSS (\C\P)

____ (Total for Question 13 = 5 marks)

<7/\\:Z ResultsPlus

Examiner Comments

Candidate does a Q=CV calacution and adds the ReSUItS

20% at the end, then substitutes the value of Examiner Tip

charge for capacitance. This scored 2 of the (a) Make sure you don't confuse the symbol C

marks and 0 of the (b) marks. for capacitance with the symbol C for the
unit of charge, the coulomb.
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Question 14

This question was best answered by candidates who focussed on the physics content of

this unit, in this case electric fields. The most able candidates did realise that this was a
guestion about a uniform field, leading to a constant force and uniform acceleration. Marks
were available for both the physics of the situation and the interpretation of the graph, yet
very few who referred to the graph commented on the uniform acceleration. The majority of
students focussed on the ball acquiring charge and being repelled from one plate/attracted
to the other plate. This was an acceptable way into the question but what was worth 1 mark
was repeated several times, gaining no more credit.

In order to score full marks, some reference to the graph had to be made.

In reality, very few candidates did refer to the graph and the least able candidates
interpreted the increasing negative velocity as a decrease in velocity showing a very poor
understanding of graphs in more than one quadrant. Again, it was the weaker candidates
who tried to answer this question in terms of electromagnetic induction and Faraday's Law.

Because there were six marking points for a maximum of four marks, most candidates did
score some marks but where it was common to award 1,2 or 3 marks, it was not often that
the full 4 marks were awarded.

An example of an answer that focuses on the aquisition of charge only, making just one
physics point. There is no reference to the graph at all.

Explain the shape of the velocity-time graph for the ball from when it leaves one plate
until it returns to the same plate. Ignore the weight of the ball.
(4)
@y Phe b\ o Phe pabe b e
WM“W"*“* " “-"“""ae ‘-’": '.’_‘r"r'.__.__.S?.‘_‘f'_.‘_‘_...__p.o.lﬁrib
\—m ball c\rmsssm Conkl bk chargo
.e?,udl a,wcL no -el-ccHo SHIHC (:OVC'“

__._d‘rmH o bhak ke T L moves
avay  From  pne plebe  and  becomss
abvackel  bo  bha  obnac  plebe  eventos
hiwia 3k doe Jo opesite  charges
dbveekivd, 4 pemainy  albfachet  fo bhe
glabe okl bhe chavge 5 brauséer

. : a Vi
I\" ‘-‘\ﬂ.ﬂ Sw \“‘55 bﬁ( h’(Tﬂl’lﬁ‘::‘ Question 14 = Hz mark; «

Yok plabe, v ke fhe rocess adaiv,
& P & p 4
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»ﬁz ResultsPlus

Examiner Comments

Without necessarily understanding the physics,
the graph shows uniform acceleration and a
sudden change of direction. A student could start
here and then try to fit this to the situation.

Eivork  plabe & v Hivdy fhe  process agqaiv.
TE can  heep Opihey 5 Fhe o (echro chabc
€orcas aive b a Litle  "pua” jncraagig
ik yeloc iy Jowards Fhe plaber  replacing
ife  hinabc  enavaq that b (osh

Fheoval air resis bance,

%
Resultst
Examiner Tip
If a question asks for an explanation of a

graph, your answer must refer to the graph.

r

Explain the shape of the velocity-time graph for the ball from when it leaves one plate
until it returns to the same plate. Ignore the weight of the ball.

4

+ V"fﬁt@‘%._,. . velay ncveusss s b lapdls sr e a
Ll kR alelhy, de kMK Jeé( /4
¥l

dum hh b Pl Caudog. vey. qu’f"{ ol tlvade
ol e clwt Awecho?,  sMch s Sheen oa A
- Gaph. 5 . WM{-) ﬂm.p@rve(a?m‘. Lol fe | Boomn
. Megaliee Sev. . g ek
M mu Mo (Ww zaacaadm&/c L ok Pub
A SR e AR Mefote,  bud i A

. @FPOQ 4. oAmachdn:.

Examiner Comments

This is an example of an answer that does look at the graph
and scores 2 marks. However, there does need to be a link to
what causes the acceleration in order to score more marks.
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Explain the shape of the velocity-time graph for the ball from when it leaves one plate
until it returns to the same plate. Ignore the weight of the ball.
éy /p[Mfg (@)

— Caubon conte larrws bat & harged
=~ Whin the bal Qowes one plete

reloutsy W%J@MMO 20 £ 4 o
WO”’\/L‘Q

Wom« eleing ﬁaéd bovawn. the /;lw@) are
oot .

- JRes mmM %MW on  Cle hall
v e sapre. %bm_jx{,oa/& e /wéd F=EQ
(chawte stans Be same o oledonn frobd . corolant vo forre
U)

).

—-é)&fxﬂe/mﬁ /BMM momﬁm 4/53
relint aéfcpu’}n O, thon K /MY (4 Ther ;[méo,,

@‘6‘{ Ue M Z‘U { ”é} M"? (Total for Question 14 = 4 marks)

ResultsPlus

Examiner Comments
his scored 4 marks for the uniform acceleration.
force and uniform field. In this case it doesn't
matter but the last part wasn't good enough for
the velocity mark since it only refers to the velocity
falling to zero rather than becoming negative.
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Question 15

(a)Previous comments about how to solve this type of problem (i.e. use conservation of
energy and do not use equations of motion) appear to have been successful with far fewer
candidates using the wrong method.

In part (b) the majority of candidates were able to correctly apply the conservation of
momentum to obtain the correct answer. Again a few candidates worked to too few
significant figures so that their arithmetic could not be checked and a very small minority
assumed that the ball stuck to the bat on impact. What was disappointing was how few
candidates could state a valid assumption, the most common one being given was the
momentum wa conserved. Candidates need to understand that applying a conservation law
does not imply an assumption.

Part (c) was about the type of collision. Candidates need to know that an inelastic collision
is where there the KE after the event is less than the KE before the event. It is not just that
KE is not conserved. If no forces are acting, so that momentum is conserved then there
cannot be an increase in KE. The question was based on the values obtained by a student
in an experiment, so when the calculation showed a very small increase in KE (0.004 J),
candidates were expected to realise that this was related to the uncertainity in the readings
so that the values were so close that this was an elastic collision.

Part (d) took this further and expected candidates to realise that due to the uncertainties in
the values, this could have been an inelastic collision. This should have answered in terms
of the uncertainty in the readings, i.e. identifying that x was measured to the nearest cm
and commenting that the % error in x would be greater than the % error in h. None of the
candidates did this, so the mark scheme was opened up to allow for sensible reasons why
x might be inaccurate and the effect this would have on the calculations. Comments had to
refer to the experiment and not be vague general answers such as 'there might be parallax
errors'.

(b) The student calculates the speed of the ball just after the collision to be 1.4 ms™.
The mass of the bat is 320 g and the ball is 55 g.

Calculate the speed of the bat just after the collision and state one assumption you make.

9)5 (4)

N
fos = — B‘:;JI= Lok BL\:.(}..%.
0.8x0.3% =\ ¥ 6.9 % + S 5 32y
AS6. b .tV
6} ._ 6.2\ ,.Y_Dm

| e 0.32 - T 0.56 s

=1
Speed of bat = O-Sé MS

Assumption: NO Qx‘vtx(\ﬁa\ Y-ot(_'n.i' ock..oo. tha S%SECA‘Y\

GCE Physics 6PH04 01

15



(¢) Determine whether the collision was elastic or inelastic. |
"'.-i

0 ___@_....Lf..E...be}nm,.__E.._O.-_ 5. x.0.32.2.0.5 .
e Q1 lozw:rl e ARG
R L{.C..AFM_._‘:_....O..-.S.x..b@;e«_}-9.* S B.Sx B
0. ) 0%
T tollaseon 18 . RlansEAC. ...

"L
ey (3)

(d) Discuss your conclusion with reference to possible uncertainties in the measurements of x.
(2)
R i (...OU.JLC;\

(Total for Question 15 = 1 marks)

Resultstlus

Examiner Comments

Candidate has used some ‘show that’ values and
some calcuated values but even so gets a very
small difference indicateing an elastic collision.
The answer to (d) is too vague for merit.

ResultsP

Examiner Tip

Discussing a conclusion is best done
in terms of % uncertainty.
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(b) The student calculates the speed of the ball just after the collision tobe 1.4 m s™'.
The mass of the bat is 320 g and the ball is 55 g.

Calculate the speed of the bat just after the collision and state one assumption you make,

4)
Speed. ball Shop ;S S U Va t

T TR W‘w.
. ""L“ U‘*G“" DA -
Cm:@u%oﬂ cﬁm@lfum o

0.320x 0F7+0 = laxo 055+ ¥xo%0
0169 - ocxo 320

0520’ 9-569 y.

Speed of bat = @ 'ggm&- IR

Assumption: ... LM TS A~
 Assong et Moss sty

(¢) Determine whether the collision was elastic or inelastic,

Bemy Wk g

Pl o oggor

(&)

_Ingeose i 93970’) o Elostic a5 (o Ry (@5t ..
(d) Discuss your conclusion with reference to possible uncertainties in the measurements of x.
2)

L Ther S cleady o soUemwity. s exporet G 989,
_(on.00k. . gon@. This. SoggkH. oo Ya@iNCity. Wity
e wlea o, Gs ¢ May % oo b9 . Yo xasee (e

Mopttog W rencied i bad ) iFddS (Ot Sta Stay. O4-.ks.00n....
Q\gh?\?{) o@;so&vas@* &ror.

(Total for Question 15 = 11 marks)

\
ResultsPlus 27/0 ResultsP

Examiner Comments Examlner Tip

A poorly laid out momentum calculation with few words to Set work_out clearly, use s_ybo_ls
help, but correct speed found so does score 3 marks for (b). for equgtlons before substl_tutmg
In (d) candidate does at least acknowledge that KE shouldn't values in so that the examiner
increase and goes on correctly, to suggest that it is because can clearly see what has been
of recording a height for a moving ball. done.

us
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(b) The student calculates the speed of the ball just after the collision to be 1.4 ms™'.
The mass of the bat is 320 g and the ball is 55 g.

Calculate the speed of the bat just after the collision and state one assumption you make.
4)

my, £t iy, traVa
@MM)ﬁ-—ﬁ- -fa:ow)-t(s‘; 1l 4)

ABé = 320v,% 77
25(-27=720V,

12729 = 3&0\/ L
\7%50 =V, = ©.6ms™t

)
Speed of bat = O 6ms ™"

Assumption; . .

ResultsPlus

Examiner Comments

Candidate should work to the same number
of significant figures as in the question. This
is an exampe of a candidate who thinks the
assumption of that momentum is conserved.

18
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Question 16 (a)

The drawing of electric field lines has been set in previous examinations and there is
evidence that candidates are taking note of the previous feedback that has been given, with
nearly 60% of candidates scoring 3 marks. Marks are lost through lines not being straight
and not equispaced. Candidates should be encouraged not to draw too many lines as this is
when the errors usually occur.

16 (a) Sketch the electric field surrounding the gold nucleus drawn below.
(3)

ResultsPlus
Examiner Comments

This scored 1 mark for the direction of the field.
The lines are neither straight or equispaced.

GCE Physics 6PH04 01
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16 (a) Sketch the electric field surrounding the gold nucleus drawn below.
(3)

ResultsPlus

This scores 2, the lines are straight E_xami.ner Tip

but not equispaced. When drawing ﬁglq I|ne_s, the more you
draw the more difficult it becomes to get
the marks. Don't draw too many!

Examiner Comments

16 (a) Sketch the electric field surrounding the gold nucleus drawn below.
(3)

AN
Pl N 5
s U >

%
Resultstlus
Examiner Comments
A perfect answer.

ResultsPlus

Examiner Tip

We require a mimimum of four lines.
There is no need to draw more and a
ruler will help you to draw a staright line.

20 GCE Physics 6PHO04 01



Question 16 (b) (i)

Part (b) of this question proved very challenging to most candidates with a large number
making no attempt at all. Spreadsheets are covered in the '"How Science Works' criteria,
page 165 of the specification. There have been a number of spreadsheet questions on other
papers but this was the first time that the use of E was used to indicate the power of ten

in each cell. This is correct spreadsheet notation but possibly some candidates had not

seen it. When faced with a question like this which has an unfamiliar format, candidates do
need to try to think of the physics being asked. This question was about the force acting

on an alpha particle as it approached a gold nucleus and how that force could be used to
determine speed and displacement. In this type of question, candidates can answer in terms
of conventional symbols, cell notation or numerical values.

In (b)(i) candidates needed to identify the equation for Coulomb's Law and use the correct
values of the two charges. This was the best answered part of the question but still only
30% of the candidates scored 2 marks.

(i) Show how cell B3 is calculated.

(2)

F = leQ&L - @-‘Hnlo“))f&?qg'EHO_H)}Q(J'G}'OIclj
i (70460

ResultsPlus

Examiner Comments

A correct answer that scored both marks. The
candidate could have left the denominator as r?
and still gain both marks.

GCE Physics 6PH04 01
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Question 16 (b) (ii)

(i) Momentum is introduced into the specification in unit 4 and candidates should be looking
for questions where they will be expected to use force as rate of change of momentum.

This question required candidates to realise that if you had a force and a time, then you
could find a velocity change. Most candidates who even attempted this ignored the velocity
change or wrongly assumed u=0. Candidates who did this were, at least, using the correct
concept and so did score some marks. 70% of candidates scored 0 for this part.

(ii) Show how cell D5 is calculated.

(3)
¢ AP
ST

Hoo g8 Crxap zav o
Av: bt o Vebek) f ekt ihiid—pe
" s Ledegn

v
L'évgv o Vese origped = new =

_ﬂoy‘z

VAN Wy ?J}; (2-0}&»')_\(!.*@“.

(i1} Show how cell E6 is calculated.

<J\\:Z ResultsPlus

Examiner Comments

A rare example of an answer that scored
3 marks, using conventional symbols and

Examiner Tip

numerical values. Having got to a change in
velocity, this candidate realised that because it
is a replusive force, there is a negative sign in
the calculation.

A key component of unit 4 is that force
is rate of change of momentum. Writing
that down correctly scores 2 marks.

(ii) Show how cell D5 is calculated.

Examiner Comments

A correct start but candidate uses v
instead of v-u.

(3)

v (2.028) Afas")
6.6G 407

‘s

Examiner Tip

Remember, that acceleration when measured
for an object that is already moving, is defined
as a = (v-u)/t. If the objects starts from rest

then u =0 and calcuation becomes a=v/t.

22
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(ii) Show how cell D5 is calculated.

3)

wpadse = Ex€ o

L MV-mg= FxEu=0

My = Fxt

ps = GBS¥(s

Examiner Comments

<J~\:Z ResultsPlus

An example where the candidate used
cell notation and starts correctly but makes

a wrong assumption about u so loses the
third mark.
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Question 16 (b) (iii)

Again many candidates left this blank and the most common answer was that distance =
speed x time. This scored 1 mark. Very few candidates were able to follow through the idea
that if there was a force, there was an acceleration and therefore a changing speed so an
average velocity had to be used. Only 3% of the candidates scored 2 marks.

Question 16 (b) (iv)

Conceptually candidates found this very difficult and again there were many blank answers.

Question 16 (c)

In the main, this was well answered with quite a lot of candidates scoring three marks.
The most common mistake was to make no reference to the mass of the atom. This is an
example of where candidates need to read the question, in this case the conclusions, not
the actual results. A lot of candidates spent a long time going through the results before
starting to answer the question.

*(c) Describe the conclusions Rutherford reached about the structure of gold atoms as a
result of the alpha particle scattering experiments.

x_u"‘r‘“"“ )
Mosb C po ~oedes wrent 17 r-ex.fghf Ha r"t_b\ﬁ'iw

g broreqore  tire  afam s naalirky  emply
Spale.. . A o ene deghect ed _Slisfht LJ A3
tLeﬂ. el nLA e nucdedds \N*'Lj —
wese.depreckd ok angles  opeoter  tham 10
o Coprb... bac k. WW—MM Andlaach
owed Haore (S on Swell  nucdeuwd ok e
cemkne. . wmich ol 0~p'l~ﬂ-«'i"€d O [rRAN parfichel Al

e NF& [T, O [ DAL (Total for Question 16 = 14 marks)

Results¥lus
Examiner Comments

his scores 1 because there is no
reference to either the mass of the
atom or its charge.

Examiner Tip
Don't waste time giving information that hasn't
been asked for. There is no credit in saying
'most of the atoms went straight through' or
references to deflection.
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*{c) Describe the conclusions Rutherford reached about the structure of gold atoms as a
result of the alpha particle scattering experiments.

Only

by the. %o?d toms | Lohalh | Soggestrd tha

tiele,

(Total for Question 16 = 14 marks)

ResultsPlus

Examiner Comments

his only scores 1 mark for the idea of empty space.

*(c) Describe the conclusions Rutherford reached about the structure of gold atoms as a
result of the alpha particle scattering experiments.
(3)

Tle cc‘!‘hd‘(ﬂuﬁrdﬁ e R, (1495& \;7'(‘ Cee o 1y
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Results#lus

Examiner Comments

A precise answer that answers the question
and scores 3 marks.

Examiner T|p

Answer the question that is being asked not
the one that was set in a previous paper.
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Question 17 (a)

The concept of a force on a conductor/charged particle and circular motion are again key
components of this unit. It was disappointing how few candidates scored 2 marks, only
20%. The most common score was 1 mark and that could have been given for either of the
marking points. Many candidates identified a force acted because the motion was at right
angles to the field but didn't go on to say that the force was at right angles to the motion.

17 A strong magnetic field of flux density B can be used to trap a positive ion by making it

follow a circular orbit as shown.
A At ;\‘[ T“BA
M T

(a) Explain how the magnetic field maintains the ion in a circular orbit. You may add to
the diagram above if you wish.

(2)
/\Lu G - wls b u}a}u. ale Gt

@. \ ‘f'(,,*' W o uﬂ 'H.H? (LAY et 'L C \:J"IL'f‘ ',’z‘t:'lfj Ca G L:‘_.-Ll,k'gl'f_! 4

J\\:z ResultsPlus

Examiner Comments

This represents a minimum answer
that did score 2 marks. It would
have been better if the candidate had
written direction of motion of the ion.

You need to be able to recall that whenever
there is a charged particle moving in a magnetic
field, there is a force acting perpendicular to the
motion of the charged particle.

26 GCE Physics 6PHO04 01



17 A strong magnetic field of flux density B can be used to trap a positive ion by making it
follow a circular orbit as shown.
A AP J\T \NBA
A T
M n

(a) Explain how the magnetic field maintains the ion in a circular orbit. You may add to
the diagram above if you wish.
(2)

The. /*w,_--:{:c _ fuu __((ﬁ{fﬁ B fore __P?f_‘_é‘f’ﬂ_c}ir_r_{rr bo He .
a.('-‘ch'f‘_“ o Petien . This C“"‘Iﬂi R Crepsden @fé*.

Resultstlus

Examiner Comments

This example does get the force mark but fails
to expalin why it causes circular motion.

17 A strong magnetic field of flux density B can be used to trap a positive ion by making it
follow a circular orbit as shown.

(a) Explain how the magnetic field maintains the ion in a circular orbit. You may add to
the diagram above if you wish.
(2)

exots O fore. Yoo | the  codve o Ae . amle

QUiNg in. or clefpdat fpree » ok [ud> exet o furen e
. - WuvAng  chomed .

L)
Resultslus

Examiner Comments

This example has the idea of a force to the
centre of a circle as a centripetal force but
nothing about the force itself.
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Question 17 (b)

This was generally well answered with many candidates scoring full marks. We were looking
for the right bits of physics being used and did not follow the arithemetic through to the

end. If we had done so, the marks might have been lower. Candidates should be encouraged
to set their work out clearly.

(b) Show that the mass m of the ion will be given by

e Bt
2nf

where ¢ is the charge on the ion and f'is the number of revolutions per second.

3)
A v
Tj — 'bﬁ,f? R

v\z Examiner Comments

The candidate starts out correctly, equating the
magnetic force as the centripetal force but the
leap to the correct answer is too great. This
scored 2 marks.

(b) Show that the mass m of the ion will be given by

neBa
2nf

where g is the charge on the ion and f'is the number of revolutions per second.
(3)

Examiner Tip

Examiner Comments .
Always set your work out clearly showing

A well laid out answer that is clear to follow. all of the steps taken.
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Question 17 (c) (i)

Scores of 0,1 and 2 were awarded equally. This was a good test of a candidate's ability to
spot a simple explanation from a rather complicated situation. Some candidates spent too
long talking about the horizontal motion and missed the point about the vertical motion.
Others tried to use Faraday's and lenz's Laws.

(i) Explain how the electric field prevents the ion moving vertically.
(2)
An. elechmic. fed 5. o R ISo.. e o
c_l’\o._rg e\ > odhicle feels o farce. \C e

forve.  ian. . eqgual  ia. ol cirections Fhe

ron. Wil be _LLSQEI\G{(:’C,\ equq(v (epeUEd leMcoctedt. frona

€ ol gcle .

ResultsPlus

Examiner Comments

This is too general an answer, it does not refer
specifically to the vertical motion. Also it is
giving the examiner a choice of answers: repel
or attract, and this never gained credit.

Examiner T|p
Never give an examiner a choice, you
will not get a mark.

(i) Explain how the electric field prevents the ion moving vertically.
(2)
fo Mo ‘L‘“?th_ et fosihve | aleve .
TSN Y /27 S VR P SR SNV v Sy ST | S
e . Aehas  Gecan e hedd o calrm d
Lol el Aeoe | SkFR Le “L"‘-U

ResultsPlus

ResultsPlus

Examiner Tip

Read the question carefully. This is about electric
fields but the answer refers to magnetic fields.

Examiner Comments

Incorrect reference to a magnetic field.

GCE Physics 6PH04 01

29



(i) Explain how the electric field prevents the ion moving vertically.
(2)

Opposdes oltmel o the.  posthue fon s oltmched
ro kol ngashve sides  oad  repelled o e

FO&JWQ ske s, wiheh pr ok M&U!‘& vp...0C AN .

ResultsPlus

Examiner Comments

This answer implies that both the negative
and positive sided affect the vertical motion.
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The idea of working out three millionths of the mass of a sulphur atom proved too
challenging for most candidates. It was rare to award one mark because candidates who
understood what to do did it correctly and scored both marks but the majority had no idea
at all.

Many candidates scored well in (iii) although a significant humber omitted one stage of the
three-stage process and it was random as to which stage was omitted. Some candidates
incorrectly used the proton mass as the value for u. Both of these values are provided in the
list of data and candidates need to know when they should be used.

(i) This device is known as a Penning Trap. It can be used to determine the mass
of an ion to an accuracy of 3 parts in 10 million.
Confirm that the mass of a sulphur ion can be measured to the nearest 0.00001u.

mass of sulphur ion = 32.0645u
(2)

2 x22:06a45 = Q.6x0 8

L0000 a0 - I.\'{O -su’

(iii) Under certain conditions nuclei of sulphur emit a gamma ray with a known
energy of 2.2 MeV.

Calculate the resulting loss in mass of a sulphur ion in u and confirm that this
value could be determined by the Penning Trap technique.

4)
A0 x6 et0 B D S er0n )TN,
o Bsra 0 ALl o
B >:9.00.%007% kg
=L 06x 10 ”
. -y
756k 070, 5 l.k.{a i tivﬂa-— {’ﬂ ‘Lapmrmtd
) R (Total for Question 17 = 13 marks)

ResultsPlus

Examiner Comments

An answer that scores full marks, not seen very often.
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(i) This device is known as a Penning Trap. It can be used to determine the mass
of an ion to an accuracy of 3 parts in 10 million.

Confirm that the mass of a sulphur ion can be measured to the nearest 0,00001u,

mass of sulphur ion = 32.0645u

3
BT TSOST N S PR o« o o o’ R S 4\0;96& as. Yo

~

(iii) Under certain conditions nuclei of sulphur emit a gamma ray with a known
energy of 2.2 MeV,

Calculate the resulting loss in mass of a sulphur ion in u and confirm that this
value could be determined by the Penning Trap technique.

2.2 ndN . = (22x%°) x (1. bexis™).
2,52 x V0 Py

Am '/-\‘-— ”3'“55 x o=
(’5’({“5)1 s e
A X e SVK:\ -

4)

g1

AV l\mc

2, C\\x\ "“\'53—:. 'l 36 As2oe

.r"?
(Total for Question 17 = 13 marks)

0z
e codd e Sobommiad by Mo Porrg Trop
Jedhniipe oo o en = raswed 4o o caxesh
O OOV

ResultsPlus

Examiner Comments O
_ " ¥\ Resultsilus
A typical attempt at (ii) scores 0 and an Examiner Tip

excellent answer to (iii) scores 4. Units are only E . i al follow th
required at the end but this is a model answer xaminers will always try to follow the

showing all of the steps clearly and including workings but random numbers with no
the units at each stage. symbols or words can be hard to follow

so always try to set the work out clearly.
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(i) This device is known as a Penning Trap. It can be used to determine the mass
of an ion to an accuracy of 3 parts in 10 million.

Confirm that the mass of a sulphur ion can be measured to the nearest 0.00001u.

mass of sulphur ion = 32.0645u
(2)

2.06LS  con eatne be R.06LLE%.
or 32 ob6LsEhA

 thestfore e cor meoane it to ke neavesk 00000 |
(iii) Under certain conditions nuclei of sulphur emit a gamma ray with a known
energy of 2.2 MeV.

Calculate the resulting loss in mass of a sulphur ion in u and confirm that this

value could be determined by the Penning Trap technique.
(4)

(7~ 7\*‘0&\%05*‘5'0‘)\5 L

\

Ldamey

T

AN n RS20 1607

.5 BLIA~107UO

L RR.06Ls - S BLR2 0T - B obusw,

(Total for Question 17 = 13 marks)

ResultsPlus

Examiner Comments

In (iii) candidate thinks that multiplying by e
gives a mass in kg so misses out the dividing
by c? step and then goes on to multiply the u
conversion factor instead of dividing.

A common error was then to think that a
subtraction had to be done showing a lack of
understanding of the situation.

Another example of an incorrect attempt at (ii).
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Question 18 (a)

Only about half of the candidates scored this mark. There were too many vague answers
about keeping the time period constant without specifying what they meant by the time

period. Candidates who tried to answer in terms of the alternating supply usually wrote

about the a.c. current instead of the alternating p.d.

18 Evidence for a charm quark was discovered in 1974 at the linear accelerator (linac) at
Stanford University.

(a) Why do the tubes of a linac become progressively longer down its length?
(1)

05 the sped OF e partides. ncease bur ey neecl
fhe tme pnod ek fo Sfay  constont.

ResultsPlus
Examiner Comments

Too vague an answer.

18 Evidence for a charm quark was discovered in 1974 at the linear accelerator (linac) at
Stanford University.

(a) Why do the tubes of a linac become progressively longer down its length?
(1)

Soi); needs % Le 6:'9«.34 ook ‘ﬂlr..’z{'zb.’am.ac}-.,t( lorger o acceleste

ResultsPlus

Examiner Comments

No credit for saying what is meant by acceleration
and answer implies a longer time as well.

34 GCE Physics 6PHO04 01



18 Evidence for a charm quark was discovered in 1974 at the linear accelerator (linac) at
Stanford University.

(a) Why do the tubes of a linac become progressively longer down its length?
(1)

D}&_ h nu. Flech Luumg Mow L't.‘li(. wb HJ le
el W b meed boab o gl GTC l«na wg Hos e Lo Lyu

al ydb < paeds

ResultsPlus OO ResultsPlus

Examiner Comments Examiner Tip

Another confused answer.

Read what has been written. Does it make sense?
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Question 18 (b) (i-ii)

Most candidates were able to identify the correct position of the decay but those who got
this wrong were not able to score any marks in this section. The answers that were needed
here had to refer to the tracks (the use of the word track or trail was needed at least once).
Candidates had been told that two particles had been produced so an answer that merely
referred to the particles moving in opposite directions without reference to the tracks did
not score the mark.

(b) This image shows the decay of a D” meson into a positively charged kaon and a

negatively charged pion.

(1) Mark on the image the point P at which this decay occurs.

(ii) Give two reasons for choosing this point.
(2)

TL:::. 1a o Yonisaon. )w_Fu_ e d!c::j as ‘fz‘u. meson consisks
on.. A CPJL&MJMMH?ML o ik ol hewe 0o ¢~L-ea¢. AJ."&}" t‘-—
el,dlo J(L-#l- cre. hoe 'ﬁ—d]s u" ioniSehlbnm. k.  SAsws —E‘\-W
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ResultsPlus

Examiner Comments

This answer does not say that the implication of
no ionisation is no trail, but does go on to refer
to two trails for the second mark.
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N i
(b) This image shows the decay of a D” meson into a positively charged kaon and a
negatively charged pion.

(i) Mark on the image the point P at which this decay occurs.
(1)

(i1) Give two reasons for choosing this point.
(2)

—TLL. D 5 Mo CLQ"‘J} $O tl“” 1,-_;‘.\ Lu rO 'lr_m‘( \E'L-‘

o ! “hheg
Aﬂcﬁo_ \l“l _kﬂd'\ “v-sL ﬂ-@ r?w'" Ls.v\*".‘f 14"4’ bQ:; !“/‘(”6‘;‘
u.w‘- “‘f l‘ff‘th wi“ L \ c?rfx”;"l*'— C{-.rrtllcm

ResultsPlus

Examiner Comments

This gets the first mark for no track before the decay
but there is no identification of two paths after decay.

Ay
ResultsPlus

Don't just repeat what is in the question.
At P there are two tracks, therefore that
is where the decay must be.
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Question 18 (b) (iii)

Candidates are expected to know the symbols of frequently seen particles such as the kaon
and pi and that the convention is that charge is shown on the top right side of the symbol.
Over 60% of candidates did score both of these marks but this is basic factual recall that
more candidates should be capable of gaining the marks for.

(iii) Write an equation for this decay event.

-

D’ — K 4 T

ResultsPlus

Examiner Comments

Perfet answer, scores both marks.

V77" {{ii) Write an equation for this decay event.

e B

ResultsPlus

Examiner Comments

Examiner Tip

Read the question carefully. Don't add extra
particles unless the question says there is one.

An extra neutron has been added.

(iii) Write an equation for this decay event.

Do '_.""'"IK' + '

+IUS
Examiner Comments

This scored one mark for correct
symbols but lost the charge mark.
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Question 18 (b) (iv)

Only the most able candidates scored 5 or 6 marks for this section. A large percentage of
candidates scored three marks for stating the conservation laws but some lost marks by
trying to apply rules such as lepton number and strangeness. The question asked how the
laws applied to the specific decay and so merely stating and describing the law was not
sufficient. The actual particles had to be referred to. A lot of candidates did score the second
mark for conservation of charge but candidates must ensure that the symbols -1 and +1
are used. The second momentum mark was often lost because the candidates assumed that
the initial momentum was zero. Candidates were allowed to state energy or mass or mass/
energy as conservation but they needed to then be consistent with their application. Quite a
few incorrect statements were made relating to mass and energy.

*(iv)  State and discuss how three conservation laws apply to this decay event.
(6)
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%
Resultstlus
Examiner Comments
This scores 5. It loses the mark for the

Examiner Tip

missing + in the charge statement. Read the question. The particles involved
are specified so this answer scores well.
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*(iv)  State and discuss how three conservation laws apply to this decay event.
(6)
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Resultslus

Examiner Comments

An often seen answer that scores 3 marks for
stating the conservation laws but does not
apply them to the specific decay.

Question 18 (c) (i)

78% of candidates got this right.

Question 18 (c) (ii)

71% of candidates got this right. Most of those who didn't were trying to do a three quark
combination.

This scored one mark for correct symbols but lost the charge mark.
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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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