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Introduction

This paper was generally well answered with candidates able to attempt all question parts
and demonstrate a good understanding of the physics that was being tested. All of the
question parts were accessible to the majority of candidates and all of the marks were
awarded to some candidates. There were a number of question parts that were more
challenging and these provided good discrimination across the paper.

For question 5 candidates chose the answers that had s*in the unit presumably because
that implies a rate. For question 7 the common wrong answers involved a subtraction,
probably based on the tension and weight being in opposite directions. For question 8 all
three wrong answers were equally chosen. This was a calculation that candidates did not
need to actually work out. If candidates substituted into @ = Ee/m and considered the
powers of ten, it could only be answer D. For question 9 although energy is mentioned in

A and B, there is no indication that all of the mass becomes energy so they are wrong. For
question 10 although the LHC does allow protons to collide and the annihilation of protons

and antiprotons, these collisions can occur at lower energies.

GCE Physics 6PH04 01

3



4

Question 11

This was a straightforward question at the start of the paper with 60% of candidates scoring
all three marks and most candidates achieving some credit. Mistakes were more often

made with the identification of current direction, the issue of electron flow and conventional
current causing this problem. Candidates who thought that the current was in the reverse
direction could still score the marks in (b) if their answer was consistent with their current
direction. Descriptions of Fleming's left hand rule were not required but some candidates
who wrote a correct description went on to get the direction of the field wrong.

SECTION B
Answer ALL questions in the spaces provided.

11 The apparatus shown in the diagram can be used to demonstrate that a force acts on a
current-carrying conductor when the conductor is in a magnetic field.

[ . J_/_(L

power supply

( v \ )—?
N

copper rod aluminium rods

The apparatus is placed in a magnetic field. When the switch is closed, the copper rod
rolls along the aluminium rods.

(a) Add to the diagram to indicate the direction of the current in the copper rod.
(1)

(b) State the direction of the magnetic field that will make the copper rod move to the

right.
(2)

The Mij@:Uc Shauld e ot of fhe
@@2 Usw;j #ﬂnaﬁjh%ffon&(uf@

ResultsPlus
Examiner Comments

This scored full marks with the marks for (a) being scored for the first
five words. The explanation was perfectly correct but was not needed.

A
Q ResultsPlus
Examiner Tip

Notice the command words. State means that you do not have to write
much and do not need to explain. All that was needed for the marks was
the idea that the field was perpendicular to the field for one mark and into
the page for the second mark. The answer written here would have been
expected if the question has said 'state and explain...
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SECTION B
Answer ALL questions in the spaces provided.
11 The apparatus shown in the diagram can be used to demonstrate that a force acts on a

thm the conductor is in a magnetic field.

'—"Cu“m @j
( J’ N ]_/
! +
power supply
( — -
// \
copper rod aluminium rods

The apparatus is placed in a magnetic field. When the switch is closed, the copper rod
rolls along the aluminium rods.

(a) Add to the diagram to indicate the direction of the current in the copper rod.

(D
(b) State the direction of the magnetic field that will make the copper rod move to the
right.
(2)
............. cw-ﬁﬂ*m‘tswmtpﬂp“ CFUHR, e B-fled

.............. dnlar o the cumemt owd I fwa ot owit,

S“S wx'tp e fﬂSL/P “W'

<d\ ResultsP

Examiner Comments

This candidate had the current in the correct direction but did not
apply Fleming's left hand rule correctly. Question (b) scored 1
mark for the idea that fields are perpendicular to both current and
direction of motion.

(Total for Question 11 = 3 marks)
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Question 12 (a)

It is very pleasing to note that 94 % of the candidates were able to identify the n-pion
correctly.

Question 12 (b)

This is a standard unit conversion that continues to prove challenging for less successful
candidates. The common errors are to fail to square the value ¢, to divide and later multiply
by c¢?and to divide by e and multiply by c2. In addition there is also the issue of unit
conversion.

(b) The mass of a pion is 140 MeV/c?.

Calculate the mass of a pion in kg.

(3
) 1
Ex=mC . OMeN = G
....... \ .L.t.r_:.,..o.c:m..;.nc:c:j...x....l..-..fa.xr.oi.*f'.’......:. litaxie !t o
S R N oY N R X5 X Teers
™M =
_1%
.= . L-49 xt1o kCJ
Mass = 2.9 xlomka
(Total for Question 12 = 4 marks)
ResultsPlus

Examiner Comments

This was an example of a correct answer that scored
3 marks
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(b) The mass of a pion is 140 MeV/c?.

Calculate the mass of a pion in kg.
(3)

\L"DM%*-' e
o x (3x10) T 1 2bx10" Moy

= L Ux 10 ey
ev=tbxc's @
Mass = 2015 __

(Total for Question 12 = 4 marks)

+IUS
Examiner Comments

The candidate has wrongly multiplied by c?and, although it was not stated,
multiplied by e so this scored zero.

OO ResultsPlus

Examiner Tip

Be careful setting out calculations and do not write down as equal two numbers
which obviously are not equal.
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Question 13

This question started with a calculation in (@) and then went on to a description about the
effect of changing a variable. 28% of candidates scored all 6 marks but the most common
score was 4, with 2 marks lost in either part (a) or (b). The most common error in (a)
was to omit 'g' when calculating the frictional force, so losing 2 marks. For less successful
candidates marks were also lost due to poor rearranging of equations. For less successful
candidates, it is better to substitute first and then rearrange, they will then get credit for
substituting into a correct equation. If they substitute into an incorrect equation they will
not score marks. A small number of candidates calculated the frictional force and then
subtracted it from the weight and used that value in subsequent calculations. There were
many well-argued answers for (b) showing a clear understanding that the time period was
independent of the mass. However a significant number of answers thought that the time
was different with the answers based on just considering the frictional force.

(a) Calculate the minimum time taken for one revolution of the roundabout if the child is

not to slide off.
(4)

_ Madwmwn  frickioaa force= 0.35x20x9.31= 6363
L Moo combipda | e prnids by frieona e s B84

F:l,v“p\ Az
F Spr et

m L 2 .
L U T X 102 S W21 &= T S

Minimum time = ... 3‘ bis e,

(b) State and explain how this time would change if a child of larger mass sat at the same
place on the roundabout.

(2)
Ao Fmvw® amd FTs qlom by fctiomnt fon T = 035xwg

Ae n L=~ . : vy =riut
by vobining fwo equatns et = 038mag T 0D 3Erest.

Thovefire Masy iy it inchde M aqation omd He e b, (‘%)

s indepmdont of the mesy, So the twe Talm ohl stwy ¥R samn®
et e Wl ofF lavRer mags . (Total for Question 13 = 6 marks)

ResultsPlus
Examiner Comments

A well laid out answer that scored full marks. The use of words to explain the
calculation enable an examiner to follow the workings.
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(a) Calculate the minimum time taken for one revolution of the roundabout if the child is

not to slide off. r "‘_ﬂ g F -7 M= 1o

(4)
Xdﬁ,a,m%u:aiikw‘:"?/\f

F/A.,' < LO = 0 Mﬂvr’-
ﬂ*rw‘w /Hf = 0 6 6"* radg!
o
w O el

p\

Minimum time = q‘r-"

(b) State and explain how this time would change if a child of larger mass sat at the same
place on the roundabout.

@)
R o (ame rws las a9t

(Total for Question 13 = 6 marks)

B e o e e,

Examiner Comments

This was an example of the common wrong answer where the frictional force
was written as 0.35 x 20 = 7N. If candidates are encouraged to use quantity
algebra (as in the MS) where each quantity is written as a number and unit, this
mistake might not have been made, i.e. F = 0.35 x 20 kg x 9.81 m s? = 68.7 N.

If the candidate in this example had written kg, they might have thought twice
about their answer.

For (b) another common wrong answer where the candidate only considers the
frictional force.

GCE Physics 6PH04 01
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Question 14

This question discriminated well with most candidates being able to state that momentum
was conserved in this situation. The less successful candidates who just quoted the
conservation of momentum without applying it did not score any marks. Most candidates
were able to explain that the fuel tank moved away from the probe. However most
candidates ignored the stem which told them clearly that the probe was moving, instead
assuming that the initial momentum was zero. The majority of candidates attributed

the increase in speed of the probe due to a reduction in its mass. Hardly any candidates
appreciated that there were equal but opposite changes in momentum so only 2% of
candidates scored full marks for this question. In general candidates had more difficulty

in applying conservation of energy. Many focussed on kinetic energy not being conserved,
some thought kinetic energy was conserved by treating it as a vector and some candidates
thought that kinetic energy was converted to chemical energy, for the explosion to occur. In
general there was a great deal of confusion between total energy kinetic energy and elastic
and inelastic collisions. The most common score for the question was 3 marks.

*14 The photograph shows a probe moving in space,

Whilst moving, empty fuel tanks can be ejected by means of an explosion. This has the
effect of increasing the speed of the probe.

Discuss whether conservation of momentum and conservation of energy apply in this
situation and why the speed of the probe increases.

Bl movendn aed energs ore. WSWJ in Uiy sibebim.
MeVe = MoVe + MeeUe)) T gl buke) is ety 10 b WA diecdien
M.T.Vr..F..Me.Vﬂ..r..MF. Ve, e pombo -'"fu od -ri?a Uo oxplocer ove K some. ..
A53Lf~=”‘ﬂ"sc}w}f~"fﬂz"$ ﬂgp?m vuimg) (1’- 34 oLm@z ?L Pug't m;m,h’ MMS)...
"E—%wﬂnu@ltmdf - ches thw’ mb convedted fom_gne._form. t%am?Lr; _
be vl _prlkel eon, duri :LL ﬁfw 5. corvocded s oo op. dipen engic,

(6)

A& ?{t "'MZ'C ey Indeas e, «J«i b mag s “_é vtwasm} Mt mean
?zt Sfcu) "fvg‘LPm& IHWM.\&-_Tk-{ __lJ'm T\\" B (KE'_I""V)

is S WLJ gzc le oE.. ?L fﬂh Ldnoreqsen af?ﬁ-/ t% ekf&»ﬂm S
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ﬁ ResultsPlus

Examiner Comments

This was an example that scored 5 marks, just losing the mark for equal changes in
momentum. In line 8 of the answer, we accepted that the 'it' is the probe although it
would have been better if the word probe had been used there. There was no credit

given for the equations since the terms were not defined but the words of the answer
were clear enough for 5 marks to be awarded.

A

Examiner Tip

In a descriptive answer remember to define all symbols used. Also be careful in a
long sentence to be sure that the subject of the sentence is clear to an examiner.

GCE Physics 6PH04 01 11



12

*14 The photograph shows a probe moving in space.

Whilst moving, empty fuel tanks can be ejected by means of an explosion. This has the
effect of increasing the speed of the probe.

Qiscu_ss whether conservation of momentum éndgconserva;i{_)_r_l_o_f_en;_:rgx apply in this
situation and why the speed of the probe increases.

(6)
Momentuna. alwal.js ..... Co nse.rud_...m Bejor& the
___(:z«plomo ___________ the. .. foa;’[a.'. _____ momentum (8. 2elrQ.e __th.n_ _

. duel tank. . iS5 e Ji eot'eﬁld‘ has..n Cgm.h‘u...c,. R
Momenm.m ont  So. the ﬁp’rqbﬂ w.ill. mave j@rumd

ek

_collision  and L/Wguj wnll Aot be.. QdﬂSfifV(’—d\
ﬂmcbu;uwn lost fto. thr\fjs ke, k e_a.f:_._____.

W()rabgwmn\’rn bla»e,mciedjccfeo\ .

ﬁ ResultsPlus

Examiner Comments

This was an example of where the candidate has ignored the probe moving
in space. This also showed the confusion over energy because it stated that
it was an inelastic collision so energy was not conserved.
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Question 15

This question was marked as a single clip so there are only statistics for the question as

a whole and not the individual sections. 60% of candidates scored in the range of 5 to 8
marks of the possible 12 with some candidates scoring all of the possible totals.(a) Many
candidates were caught out by the charges being written on the plates of the capacitor and
so they used 6.6 puC instead of 3.3 pC. This meant a loss of 2 marks in this section.

(b) A lot of the candidates were able to manipulate the exponential equation but a common
wrong error was to find the time for the charge to fall to 80% of its initial value instead of
the 20% required. Another 2 mark loss. Careful reading of the question is needed. The less
successful candidates do struggle with the exponential equation and continue to confuse the
symbol C for coulombs and the symbol C for capacitance.

(c) This was generally poorly answered with candidates struggling to explain and be
confident in terms of what had changed. Many candidates chose to use W= QV/2 which is
perhaps the easier equation to work with. However they assumed that V remained constant
and argued that the times would be equal. Candidates who chose to use W = Q? /2C did
have only one variable to deal with but struggled to explain the significance of halving a
term that is squared.Other candidates went for the scatter gun approach, i.e. write down
every equation that relates to capacitors and energy and hope for the best. This did not get
any credit.

(d) The question asked for the advantages of the data logger to record the results.
Therefore the fact that the computer could draw a graph had nothing to do with recording
the results and so was not credited. Answers to questions about data loggers must answer
the question asked and relate to the specific experiment. Human reaction time is not an
issue in this experiment since you are not regularly starting and stopping a stopwatch. That
would be an issue in an oscillation type experiment. The one advantage of data loggers
that does apply to all experiments is that there is an increased rate of taking readings.

Just saying a data logger can take lots of results is not enough. In this capacitor discharge
experiment it is the taking of synchronous readings that is the advantage. No credit is given
for general statements such as more accurate, more precise, etc.

GCE Physics 6PH04 01
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15 A capacitor is charged by a battery as shown in the circuit diagram.

+3.3 |.1C| |—3.3 e

220nF
(a) Calculate the e.m.f. of the battery and the energy stored in the charged capacitor.
(4)
&
..................... Q=6'6MCC’V
(= 220unF = Q
........................................................................................................................................ C T I L N T
........................................................................................................................... = 6.6x 10° ¢
- 2 220« 10" %
........... B2 a Y e
. = 30
............... =gr 20Xl k30" T
Emf=_30V

(b) The capacitor is disconnected from the battery and discharged through a 20 MQ
resistor.

Calculate the time taken for 80% of the charge on the capacitor to discharge through
the resistor. :

= 7. 035
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Results¥lus

Examiner Comments

The common wrong answer for (a) where double charge has been used,
2 marks awarded. (b) is correct for all 3 marks, finding the time when the
charge is 20% of its original value.

< OO ResultsPlus

Examiner Tip

Remember that when there is a charge Q on a capacitor, it means +Q on
one plate and -Q on the other plate.

Read the question; the exponential equation gives you how much charge
is on the capacitor after a certain time. The question asked for how long
for the capacitor to lose 80% of its charge, i.e. it has 20% left.

(¢) Use an equation to explain whether the time taken for the capacitor to lose half its
energy is greater or less than the time taken to lose half its charge.

(d) A student carries out an experiment to record data so that she can 'plot a graph of
potential difference against time as the capacitor discharges.

State two advantages of using a datalogger rather than a voltmeter and stopwatch to
record this data.

"’14 Nz Lvmumm% W M‘hu é,e

ResultsPlus

Examiner Comments
c) A clear answer that scored 3 marks.
(d) 1 mark awarded for the recording results at very small intervals

GCE Physics 6PH04 01 15



(¢) Use an equation to explain whether the time taken for the capacitor to lose half its
energy is greater or less than the time taken to lose half its charge.

(d) A student carries out an experiment to record data so that she can plot a graph of
potential difference against time as the capacitor discharges.

State two advantages of using a datalogger rather than a voltmeter and stopwatch to
record this data.
(2)

L Ex\odes NuMman | @novs T s wﬁmand\

neonan e as on Hnag A L
TANA SHop ek cN mieihnod | My, . LA mave W

e - PRASON. IO IR kLA ook dobn ]Q&gﬂv Cawn
e o P 3 e by one P, (Total for Question 15 = 12 marks)

ﬁ ResultsPlus

Examiner Comments
No marks awarded for (c), many candidates did not know how to approach this
question part.

(d) A mark was given for the idea that two people are needed for the stopwatch and
voltmeter; it conveys the right idea about synchronous readings.
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Question 16 (a)

This is a standard definition which all candidates are capable of learning. All of the reasons
why candidates did not score both marks were seen; produced not induced, voltage or
current instead of e.m.f, no indication of rate or time, just writing the equation without
defining symbols and woolly answers relating to a conductor's movement and magnetic
fields. 53% scored 2 marks, 30% scored 1 mark and 17% scored 0.

16 (a) State Faraday’s law of electromagnetic induction.
(2)

................ M. th cnduiaddaccce propctioed o tkqh,ﬁ_} . t'(w'f"
ﬂ)}luk ....,..'nlt.h’.l... PRSPPI

Resultstlus
Examiner Comments
This was a model answer which scored 2 marks.

Q Examiner Tip

Learn your definitions.

16 (a) State Faraday's law of electromagnetic induction.
(2)

The. indused emf .l M%WFM@FM ........
URuse. . e

ResultsPlus
Examiner Comments

This response was awarded 1 mark for induced
e.m.f. but no indication of rate or time.

A

Examiner Tip

Learn your definitions.

GCE Physics 6PH04 01
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16 (a) State Faraday’s law of electromagnetic induction.
(2)

T magaihde o T emp predwited s pro el PR

ResultsPlus
Examiner Comments

No induced mentioned so 1 mark for the rate of
change of flux linkage.

A

4

O

Examiner Tip

Learn your definitions.
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Question 16 (b)

Candidates need to read the question and answer accordingly. The defintion in (a) clued
candidates into the question being about electromagnetic induction which meant we had
lots of flux cutting. What the examiners were looking for was that the copper, which wasn't
moving, was in a changing magnetic field. The majority of candidates focussed on the
direction change of motion altering the direction change of the current as the reason for the
a.c. Hardly any candidates referred to the magnitude of the e.m.f./current depending on the
speed of the magnet or the rate of change of flux linkage, so MP4 was hardly ever awarded.

The decision was made that, for this paper, we would not insist on the closed loop (hence it
is in brackets on the MS) but in future exams it could be expected. This meant that 2 and 3
were the most commonly awarded marks with only 3% scoring all 4 marks.

*(b) A magnet is attached to the end of a spring as shown in the diagram.

| copper ring

The magnet is displaced vertically and released so that it oscillates.
Explain why this produces an alternating current in the copper ring.
(4)
LT yovenaa,
LR OO P ving. . @acn bviae (Y. S\ labes, g

WWO\C’LM@Q.W\ B Ma:.)ne,h;.,p(uu t_-\f:tc,hw;iucg

\—c:;,*rhw%m{—paxumwﬁwmkm

LA e AN T wa . CW\-gtawimw

BV L, L TOVRZ WY 7 W NG IR A% WY a2 VT I X W MY 0.

of £i00 A ot s e dng wal) altevnale,

ResultsPlus

Examiner Comments
An example that scored 3 marks, no reference to the magnitude of the e.m.f.

GCE Physics 6PH04 01
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*(b) A magnet is attached to the end of a spring as shown in the diagram,

copper ring

The magnet is displaced vertically and released so that it oscillates.
Explain why this produces an alternating current in the copper ring.

aurer\tfm Jcm Mmoapm ang... L.,Qr\z,a (o). stvctm
the enducsl ome. coases o Owent to  olow (N SWih &

divechion . o8 o @ppose. AN 0t g linkage.
mw@oml%a%ﬁf

<d\ vf..,,-f» us
Examiner Comments

The copper will produce a magnetic field when there is a current flowing but not
initially. There was enough in the answer to be able to award MP1. Induced current
was not a replacement for induced e.m.f and also the answer referenced to Lenz's

law but did not say what that meant in terms of current direction. This scored
1 mark.
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*(b) A magnet is attached to the end of a spring as shown in the diagram.

'ﬁl copper ring

The magnet is displaced vertically and released so that it oscillates.
Explain why this produces an alternating current in the copper ring.

nwhen the

nAdueed o enb p Ore . Rareonong Oandl

‘tbe oeeo&\m cﬂmeﬁhbo

ResultsPlus

Examiner Comments

This scored 2 marks for the induced e.m.f. and the opposite directions.

GCE Physics 6PH04 01
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Question 16 (c)

There was a noticeable difference between the candidates who understood the relationship
between flux density and flux linkage and those who didn't. The latter either dividing the
flux density by the area or leaving the area out entirely and thinking that the rate of change
of flux density was the induced e.m.f. itself. Candidates who understood the relationship
could do the calculation easily and so the most common marks were 4 or 0. For those in
between, a frequent error was to use circumference instead of area. Also candidates do not
seem to bother about ridiculous answers; 66 000 A was seen. A good exam technique is to
take time to assess an answer and if ridiculous look for an error that caused it.

(c) The average vertical component of the magnetic flux density through the coil varies
at a maximum rate of 0,035 T s,
Calculate the maximum current in the copper ring.

radius of copper ring = 5.0 cm
resistance of copper ring = 6.7 x 10 Q

€= dBAN) &= 0035 x (ST

(4)

T P IT. e e— - Mrer s, ™

V=IR T =279x0% = 40lp

Examiner Comments
This was a model answer which was clearly laid out and scored 4 marks.

(c) The average vertical component of the magnetic flux density through the coil varies
at a maximum rate of 0,035 T s,
Calculate the maximum current in the copper ring.

radius of copper ring = 5.0 cm

resistance of copper ring = 6.7 x 107° Q

ﬁ__\_(__ .—._L - - ‘_55 -
o REH e T 2 BT B STRA |

us

Examiner Comments

An example where rate of change of flux density was assumed to be the e.m.f. This
scored 0 marks.

A

ResultsP
Examiner Tip

Look at the marks, a 4 mark calculation will have at least two steps. This answer as
written could not possibly be worth 4 marks.

22 GCE Physics 6PHO04 01



(c) The average vertical component of the magnetic flux density through the coil varies
at a maximum rate of 0.035 T s\
Calculate the maximum current in the copper ring.

radius of copper ring = 5.0 cm
resistance of copper ring = 6.7 x 107 Q)

................................................................................................... S 'Oxron—a

Examiner Comments

This candidate found a circumference instead of an area. This scored MP3 for the
use of V =IR since the candidate used a calculated value of V.

GCE Physics 6PH04 01 23
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Question 17 (a)

Some candidates found this extremely difficult mainly because they did not seem to know
what was meant by base units. 70% of candidates scored 0 or 1. Many answers were left in
terms of Newtons and if they did write kg m s2 as the base units for force, they left charge
as C or wrote it as A s'. A knowledge of base units is fundamental to physics and it is
expected that all candidates know these units and can work with them.

30% of candidates could express the N and C in base units and so scored 2 marks but half
of those were unable to rearrange the units to give the correct answer.

17 (a) Coulomb’s law for the force F between point charges O, and Q,, which are a
distance r apart, is given by

Q0
F====
4re,r’ Q.2 T

Express the unit of ¢, in base units.

€= QO - BN
N E Y (hges®

%/ us

Examiner Tip

Learn your base units and practice rearranging equations.
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17 (a) Coulomb’s law for the force F between point charges O, and Q,, which are a
distance » apart, is given by

p 00
4::801"2

Express the unit of &, in base units.

@‘ &1 (3)

- N'"tC

ResultsPlus

Examiner Comments

This was a common wrong answetr.

OQ ResultsPlus

Examiner Tip

Look at the marks, this answer cannot be worth 3 marks,
which is the clue that more work needs to be done.

GCE Physics 6PH04 01
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17 (a) Coulomb’s law for the force F between point charges Q, and Q,, which are a
distance r apart, is given by

i 00

-
4dme,r-

Express the unit of ¢, in base units.

(3)

ResultsPlus

Examiner Comments

This response was not very well laid out but using the equation given, the
units for force and charge were correct but the rearranging was wrong.
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Question 17 (b)

This was generally well answered with 80% of candidates scoring 3, 4 or 5 marks. The most
frequently lost mark was for the description of the electric field strength between parallel
plates. Many chose to say that it was constant. This implied that it was not changing over
time and was not telling us that all of the points have the same value. Candidates need to
be told to say that the value of the field is the same at all points in the field. Also marks
were lost by omitting the word strength and just referring to field or force. The diagrams
were generally good enough for the first two marking points but some marks were lost due
to careless errors, asymmetry, lines not touching the plates, lines nowhere near straight etc.
Also the more lines candidates draw the more likely they are to have uneven gaps etc. A
minimum of 4 is needed for the radial field and 3 for the parallel plates field.

(b) Electric fields are caused by both point charges and by parallel plates with a potential
difference across them.

Describe the difference between the electric field caused by a point charge and the
electric field between parallel plates. Your answer should include a diagram of each
type of field and reference to electric field strength.

Y _

mmwwmﬂﬁmem _________
o potrid Aovseence  bollios o ploces. Ue ebabe gold dromptt

i e gutd. Pe pocat Chorse bios . mm an tlecke 50,
whidh 8 2 rodel So b €ollos p cranie Sgpeve low S0 IS
uey W&Www lranglls . The glraeghl

Examiner Comments

This response scored 4 marks, good diagrams but referred to a constant
field between the plates.
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(b) Electric fields are caused by both point charges and by parallel plates with a potential
difference across them.

Describe the difference between the electric field caused by a point charge and the
electric field between parallel plates. Your answer should include a diagram of each
type of field and reference to electric field strength. Fb" R ,’[ F[ o [-,g

Pomj' thwyta

(5)

-

dﬁ‘}"'l Eﬁl’\- Ll““u’ﬂ {wu ‘mll‘d Vlm(-u (9 H AANJ'
Do Yo e e o~ 11‘3"“ & erw“‘ﬂ?w\ b ddfwace
wheses o Hho (mb c\mt]n, bk el T PJA)

Ot Uhfcum o~ L"\L

N

Examiner Comments

The point charge diagram was wrong because it was not one point charge. This
scored 2 marks, MP1 and MP3. The words scored nothing, as there was no mention
of electric field strength, inverse square law etc.

% & ResuitsPlus

Read the question carefully. Although point charges (plural) are mentioned in the
stem, the question is about the field caused by a (singular) point charge.
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Question 17 (c)

This was quite a stretching calculation involving the use of Coulomb's law, either resolving
forces or Pythagoras and trigonometric functions as well as unit conversions. What was
really pleasing was that 50% of the candidates scored the full 6 marks. Significantly,
another 15% scored the 4 method marks and the reason they did not get the final answer
was because they either halved the separation, i.e. used 12.5 cm instead of 25 cm or
having found the electric force, then proceeded to use half of that value. It is noticeable
that candidates who really did not know how to do this type of calculation ended up
writing equations with numbers but no symbols so it was very difficult to be able to give
any credit. A few words like 'weight =...." help tremendously. The Pythagoras method was
more common but most candidates made a good attempt. Other than the mistakes already
identified, others were failing to square the separation or the charge, resolving incorrectly,
getting tan the wrong way round and omitting the g in W = mg. What never fails to amaze
me is that when doing a calculation with Coulomb's law, candidates use Boltzmann's
constant for k.

{c) Two small spheres L and M are attached to non-conducting threads and suspended
from a point P. Each sphere is given an equal positive charge of 4.0 = 107 C. The
spheres hang in equilibrium as shown in the diagram,

The mass of each sphere is 2.7 g,

le 5
1
25em

By considering the forces acting on one of the spheres, calculate the tension in the

thread and the angle 6. Il = = Tl .
' \ (6)
h h ) e
.E}ﬁ H_’;T @b R S:ﬂ?ﬂ F.adyic' if‘w‘w:.;hl?
I 0 B VT30 YR (71 A s (025"
o,uctzw - Twse (O T 0.023M
I
O.023aN =7T35..8 @
L.0n2 .
@ -~ > 026 - Tme L gy, &°
0.023

= 6

Results+lus
Examiner Comments
This was a model answer resolving forces, it scored all 6 marks.
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(c) Two small spheres L and M are attached to non-conducting threads and suspended
from a point P. Each sphere is given an equal positive charge of 4.0 x 107 C. The
spheres hang in equilibrium as shown in the diagram.

The mass of each sphere is 2.7 g.

25cm

By considering the forces acting on one of the spheres, calculate the tension in the
thread and the angle 6.

(6)
-MQ = Teos®  Tove en Splae = h@ Gz - e@"

R0t F T enG

= (8 a4 -HO )1. @il‘d’) M
”““mzs? .
L0027 %4312 0026087 N -‘Hlﬂou

:oouﬁ'zsf)

0 oze +(q 240 )‘ Ak

T“ooooé‘?é
X DO N

G 0-16 N e e e e e e e e e e e e e e e e e e

A 04100 N

Tension =, 0:0Z6™N

ﬁ ResultsPlus

Examiner Comments

This was an example that used Pythagoras but made the mistake of using 12.5 cm
and also not converting to metres, hence the very small value of the electric force.
The candidate did write a correct tan equation for their calculated values so this
scored the 4 method marks.
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(c) Two small spheres L and M are attached to non-conducting threads and suspended
from a point P. Each sphere is given an equal positive charge of 4.0 x 107 C. The
spheres hang in equilibrium as shown in the diagram.

The mass of each sphere is 2.7 g.

25¢m

By considering the forces acting on one of the spheres, calculate the tension in the
thread and the angle 6.

(6)

P2 kG Eetiexad® (kg7 ) (bad)

]

Examiner Comments

This example has been added as proof that some candidates do use Boltzmann's
constant for the value for k.
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(¢) Two small spheres L and M are attached to non-conducting threads and suspended
from a point P. Each sphere is given an equal positive charge of 4.0 x 107 C. The
spheres hang in equilibrium as shown in the diagram.

The mass of each sphere is 2.7 g.

le

I"h ,l

25em

By considering the forces acting on one of the spheres, calculate the tension in the
thread and the angle 6.

........................................................................................................... e
, L5 x |0
“+oan © 2,65 % w4

T = (2,65 X174 ) * (1.15 x0™0)>
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ResultsPlus

Examiner Comments

This candidate found the electric force and then divided it by 2, obviously forgetting all
about N3. It still scored the 4 method marks but lost the answer marks.

ResultsP

Examiner Tip

us

This is an example of a well laid out answer that the examiner can easily follow and is
able to award marks for.
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Question 18 (a) (iii)

In 18(a)(i) most candidates had correctly drawn a spiral with increasing radius showing

the proton passing through the gaps many times. However, when answering this question
hardly any made any reference to repeat crossing of the gap so very few candidates scored
3 marks. In fact the most common mark scored was 1, usually for the idea of the field/p.d.
causing an acceleration. The description of the changing polarity of the dees was poor and
as mentioned already, hardly any made reference to an increase in KE each time the protons
went through the gap. Most candidates attempted to explain about the changing polarity but
their answers were too general or vague. Some thought the switching occurred when the
proton was in the middle of the gap. Ideally we would have liked to see a clear statement
about the proton repeatedly going through the gap, each time with an increase in KE but
this time we accepted any reference to going through the gap more than once.

(iii) Explain how the kinetic energy of the protons is increased as they follow the path
you have shown.

hecanmnt.  of  Femon. He  preden. s

free~ He elockre F.a.é,td .

ResultsPlus
Examiner Comments

An example not seen very often of a 3 mark answer. Awarded because
the last sentence began 'every time....... !
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(iii) Explain how the kinetic energy of the protons is increased as they follow the path
you have shown.

(3)

e M 3 coss b :?M; ___________ behreen.

Ha ontés \j oare . accelerate bj

Hy, @d e/l} A\ s ﬁ/efeﬂc e. ..
E;cnef}'r'; A? CLmi, H‘zm ‘ﬂm
.nece.. Lmr& Hl J mm&

P SR —
,.5;265&..352 increase Hed ik enccyy.

6‘ &rj

z

ﬁ\-> ék = yimv '

ResultsPlus

Examiner Comments

This scored the accelerating mark and the repetition mark but no
mention of the changing polarity of the dees.

y .
(iii) Explain how the kinetic energy of the protons is increased as they follow the path
you have shown.
3

ResultsPlus

Examiner Comments

This also scored 2 marks, this time for the accelerating and the
polarity of the dees.
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Question 18 (a) (i-ii)

Nearly all candidates managed to draw a spiral with the minimum of two complete
revolutions and about half of them correctly identified the direction of the field that was
consistent with their spiral, either clockwise or anticlockwise.

18 (a) A cyclotron is a particle accelerator which can be used 1o accelerate ﬁ_:{:‘ The
cyclotron consigts of two semicircular electrodes called “dees’. An alternatin
tential difference is applied across the gap between the dees. A uniform magnetic
field is applied at right angles to the plane of the dees. -

dees

+

+ s

- proton source

N
EEN

(i) Complete the diagram to show the path of the protons.

(ii) State the direction of the magnetic field needed in order to produce the path you
have sketched. |

ResultsPlus

Examiner Comments

Most candidates drew a clockwise spiral but this one was anticlockwise
with the correct direction of field so it scored both marks.

18 (a) A cvclotron is a particle accelerator which can be used to accelerate protons, The
eyclotron consists of two semicircular electrodes called "dees’. An alternating
potential difference is applied across the gap between the dees. A uniform magnetic
field is applied at right angles to the plane of the dees.

dees

- proton source

{i} Complete the diagram to show the path of the protons,

(if) State the direction of the magnetic field needed in order to produce the path you
have sketched.

N Vo Ouk ox Yl pasge,

Resultslus

Examiner Comments
This was a correct response for a clockwise spiral.
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18 (a) A cyclotron is a particle accelerator which can be used to accelerate protons. The
cyclotron consists of two semicircular electrodes called ‘dees’. An alternating
potential difference is applied across the gap between the dees. A unifofm magnetic
field is applied at right angles to the plane of the dees.

dees

pl‘l:l'[l:lﬂ s0urce

e
IECARN
L

(i) Complete the diagram to show the path of the protons.
(1)

(i1} State the direction of the magnetic field needed in order to produce the path you
have sketched.

(1

e Mpcmf:. '

=IUS
Examiner Comments

The common wrong answer, scored 1 mark for the spiral but the field
was in the wrong direction.
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Question 18 (a) (iv)

Some candidates did not know where to begin with this question and so scored zero marks.
However those candidates who started with one of the two equations given in the MS went
on to score all 3 marks. It was impossible to separate those who really knew what they were
doing from the ones who effectively worked backwards from the given equation.

(iv)} Show that the magnetic flux density B of the applied magnetic field is given by

_ 2mfm

e

B

where fis the frequency of the alternating potential difference, m is the mass of
the proton and & is the charge on the proton,
(3)

F=06qv  Wamesbn F-na®  T= 21 = 210
r

w v
Be = my £F= v v= 2Tfr
r 2
Be = M X Lwfr B = Q_ﬁED’]
- €

Examiner Comments

A well-presented answer where the candidate linked the force on the proton to the
centripetal expression and worked through on the RHS to derive v = 2nfr. It scored 3
marks.

{(iv) Show that the magnetic flux density 8 of the applied magnetic field is given by

2xfm

B

e

where (is the frequency of the alternating potential difference, m is the mass of
the proton and ¢ is the charge on the proton.

f:’ fgfﬁf F= g,_?v
7 g:_._F__ "__E; V=&
Tc QM
=) R= F

e -

Fr e
(=4
£ o/
a= ¥ 5 %‘

X ?—Kgm
(=

(3)

ResultsPlus
Examiner Comments

An example that scored zero marks, there were a number of different equations used
but the candidate did not make any progress.
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(iv) Show that the magnetic flux density B of the applied magnetic field is given by

B= 2xfm
e

where f'is the frequency of the alternating potential difference, m is the mass of

the proton and e is the charge on the proton.

3
-
L Bev =“'rl

- WAL
BT = .
21t wm

Examiner Comments
Another 3 mark answer, this one used w instead
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Question 18 (a) (v)

For 70% of the candidates this was a straightforward calculation using the equation given
in (a)(iv). However most of the rest of the candidates chose to use the mass of an electron
rather than the mass of the proton and so scored zero.
. -3
(v) In a particular cyclotron Bis 1.2 mT, 1-2x(C
Calculate the frequency f of the alternating potential difference.
(2)

,;lfqﬁm 1( _____l_r__-_?_ﬁ_lof?x_. Lexio '™

LR2SY308T
= 2-38x(07

- Btz

ﬁ ResultsPlus

Examiner Comments

The whole of question 18 was about the acceleration of protons
in a cyclotron, the word proton is used five times in the question

before candidates get to this calculation. This was an example of a
candidate who used the mass of an electron.

(v) In a particular cyclotron B is 1.2 mT.
Calculate the frequency f of the alternating potential difference.

(2)
£ Be 2 L2yi08 ¢ Lk s gy o)
f=. rBﬂ f"rs e

ResultsPlus

Examiner Comments

Correct mass given but milli and mega units confused and no unit for
the answer. This response scored 1 mark.
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. = 2 mM
(v) In a particular cyclotron B is 1.2 mT. : b} T3 )

Calculate the frequency f of the alternating potential difference.
)

5= Be = l-2xl0 o léxe

S 2tm  9ge x ) 67%i@7 T

=18 S NHe (3F)

ResultsPlus

Examiner Comments

An example that scored both marks.

Examiner Tip

Be careful when selecting data from the table, make sure you
choose the right value to use.
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Question 18 (b)

Candidates generally scored well on this section with 3 and 4 being the most commonly
awarded marks. The effect at Y was better described than the effect at X. The most
frequently awarded mark was for there being two charged particles produced at Y. The
easiest way to get the next marking point was to say this was due to conservation of charge
since the particle arriving at Y was neutral. Many chose to answer in terms of the paths but
did not get credit if they said the paths were in opposite directions, since the two particles
paths are continually changing direction. Also an alarming number of candidates stated that
because the paths had the same radii the particles had the same mass rather than the same
momentum. At Y candidates were able to identify that two particles had been produced and
that one was neutral because there was no path. It was MP3 that was the lowest scoring
mark because it was necessary to talk about before and after the collision. Most responses
were in terms of conservation of charge or momentum for the new particles without any
reference to the incoming particle. It is surprising how many candidates thought that the
two particles produced at Y went off in opposite directions.

(b) The diagram shows the tracks produced in a bubble chamber.

incoming charged particle

At X an incoming charged particle interacts with a stationary proton.

Describe and explain what can be deduced about the interaction at X and subsequent
events. You may add to the diagram to help your answer.

(5)

H o Lol b oty it e
8@]‘ Mc&,amfz, cfga 0@«@@(/ Tele oS Bhaon. Md
& MW parkele, s tunda. stam. @; éLu— cddkbn o Ha ddtie,
| W\W »\f(fv(" Hva/\ e éw)c//refadf{,
| w@ oy Y, b sw(v._._.... { Hak Ylose. teom pusblles e
éy gl bk o O&Mﬁzs aud &.&m wazs, A5

b bawse o ;z/JLs i dotide (b fy opele s

ﬁ ResultsPlus

Examiner Comments

This scored 2 marks for two particles at X and 2 charged particles
at Y. There was no mention that the neutral particle doesn't leave
a track and this was an example of paths in opposite directions.
Candidates need to say that the paths curve in opposite directions.
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(b) The diagram shows the tracks produced in a bubble chamber.

At X an incoming charged particle interacts with a stationary proton.

Describe and explain what can be deduced about the interaction at X and subsequent
events. You may add to the diagram to help your answer.

'ﬂ"'— PUML.!J (k’kﬂ(l 8@44 £ ﬁ {{t (kf"’ o congorve.. mmmt* ............
TLe WL'J F«fkfe lll»<435 -w‘f! e ng“l m—-ﬁcé, e~ M_

eiipuckidepuin as Yoy bewe e same. oo, .. .

ResultsPlus

Examiner Comments
An example of a script that scored 5 marks.
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(b) The diagram shows the tracks produced in a bubble chamber.

incoming charged particle

ot
At X an incoming charged particle interacts with a stationary proton.

Describe and explain what can be deduced about the interaction at X and subsequent
events. You may add to the diagram to help your answer.

......e':}/.,....cﬁa@cd...pa,rﬁc(@,..a.f........x....a....Cm

?c().
pactale at high encrgies interacts with a

Stationary. proton.as o resolf _anolher ..
Ckargedpafﬁc[6r3€mm< cja{o@gwaf/mfx

nafum(parhdczwecméﬂow/ﬁqfﬂenedfmk

warticle D unstable . becawse [t rapid(

% ResultsPlus

Examiner Comments

This scored 3 marks for the two particles at Y and the two charged particles
oppositely charged to conserve charge at X. Although there was reference to

bubbles being formed by charged particles, candidates need to make a clear
statement about neutral particles not leaving a track.
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Paper Summary

Based on their performance on this paper, candidates are offered the following advice:

learn the base units and practice rearranging equations

in calculations, use words to explain what you are calculating, don't just write a series of
numbers

in context questions, answer in terms of the context and not in general terms

be familiar with the formula and data sheet, k is used as the symbol for boltzmann's
constant and for the constant in Coulomb's Law

when writing descriptive answers use short sentences and check that the subject of the
sentence is clear to the examiner who will be reading it.
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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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