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This question paper discriminated well and candidates were able to apply their knowledge
to a variety of styles of examination questions. Since this is an A2 paper, candidates should
show progression from AS and this is reflected in the more difficult content of the A2
specification and also in the demands of the questions. Almost all candidates were able to
start all of the questions, demonstrating some knowledge of all of the topics within this unit.

In a context-based question it is important for candidates to think clearly about the situation
being considered and not to assume that it is one that they have met already. This applied
specifically to Q13, regarding the varying reaction force on the path of the London Eye.
Many candidates answered it as if it were a stone on a rope, moving in a vertical circle,
confusing tension and contact force. Candidates need to be aware of 'making up data'. If
the candidate selects the wrong formula to complete a calculation and there is a piece of
data they require but is not given, they will generally assume a value. They should not do
this, because any data they require will be given in the question. If this situation does occur,
the correct thought-process should be that this is the wrong equation to use and that they
need to think of another solution.

The multiple choice questions in section A were generally well-answered, with even the less-
able candidates managing to achieve 6/7 marks.

Question Topic % correct Most common
incorrect response
1 Magnetic flux density |78 C
units
2 Conservation of 56 A
momentum
3 Electric field 88 C
properties
4 Electric field strength |93 A
5 Vector quantities 46 B
6 Colliding spheres 78 A
7 Rate of change of 82 A
momentum
8 Magnetic force ona |92 B
conductor
9 Ratio of forces on 55 C
charged particles
10 linac 96 -
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Question 11 (a)

This question was generally well-answered. Most candidates understood the idea of a
definite interaction between the alpha and the air molecules. Answers such as 'to prevent
the alpha particles being ionised' or 'to make sure the alpha particles reach the gold', were
not credited because both of these effects are a consequence of a collision. Other incorrect
answers occurred when words such as 'interfere' or 'react' were used. These words have
specific meanings, which are not to do with collisions. The examples included are of answers
which did not score the mark.

11 Early in the twentieth century physicists observed the scattering of alpha particles after
they had passed through a thin gold foil. This scattering experiment provided evidence
for the structure of the atom.

(a) State why it is necessary to remove the air from the apparatus that is used for this
experiment.

(1)

So Aed odfr  pahides  do wd) collide 9

ResultsPlus

Examiner Comments

Although the candidate has understood the concept of collisions, this
answer is not detailed enough. Reference needs to be made to the air
molecules. The point of the experiment is to have a collision with a
gold atom.

0 marks

11 Early in the twentieth century physicists observed the scattering of alpha particles after
they had passed through a thin gold foil. This scattering experiment provided evidence
for the structure of the atom,

(a) State why it is necessary to remove the air from the apparatus that is used for this
experiment,
(1)

Te el osgeck Yealpha | porbieles, (matke Hew Chasnee. daeckion
orlone araran)) tharnane B8 resclts

)\
Results¥lus ]
Examiner Comments OO ReSults

Examiner Tip

us

This is grammatically a very poor answer because the
candidate starts with this. It reads as though it is the
removal of the air that could affect the alpha particles.

0 marks

Make sure your answer is clear.
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11 Early in the twentieth century physicists observed the scattering of alpha particles after
they had passed through a thin gold foil. This scattering experiment provided evidence
for the structure of the atom,

(a) State why it is necessary to remove the air from the apparatus that is used for this
experiment,
(1)

ResultsP

Examiner Comments

Interfere is too vague a word, so this example again scores zero.
0 marks

GCE Physics 6PH04 01 5
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Question 11 (b)

Candidates need to 'read the question'. The question was about the nucleus and not the
atom. Although many candidates did score both marks, often marks were lost because the
candidates were answering questions from previous papers.

A common wrong answer was ' the atom is mainly empty space.' Also, many candidates
responded using the word 'it' and sometimes it was not clear to what they were referring.
As a general rule, a reply such as 'it is charged' would be assumed to be a reference to the
nucleus. However, a response such as 'it has a small central area containing all of the mass’,
is really an answer to a question about the atom.

Most candidates who scored the marks did so by referring to the nucleus being charged and
most of the atom's mass being in the nucleus. It was not sufficient to say that the nucleus is
small, because the atom is also small. Candidates needed to say that the nucleus was very
much smaller than the atom.

(b) From the results of such an experiment give two conclusions that can be deduced
about the nucleus of an atom.
e

Conclusion 1

Conclusion 2 .. L?, /W.dﬁ% LSI U'Eﬁj 5/‘/%/(/6

ResultsPlus

Examiner Comments

Although Rutherford's experiment only established that the nucleus was
charged, we treat as neutral the reference to positive. Only saying that the
nucleus is very small is not sufficient, since the atom itself is very small.
There needs to be a comparison with the atom itself.

0 marks
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(b) From the results of such an experiment give two conclusions that can be deduced
about the nucleus of an atom.

Conclusion 1 @ Qﬂtt‘]'fk naclen 0t Gn atom LS CL\’“’& eol..

Conclusion 2 mé oS Are MO\EAL:] SJJM{ mm\l‘j “+le tentre
have. imass.

ﬁ ResultsPlus

Examiner Comments

This candidate seems to have forgotten that an atom has

electrons as well as protons. The 2nd conclusion is about the
atom and not the nucleus.

0 marks

OO Results#lus
Examiner Tip
Be careful to read the question. This one is about the

nucleus, not the atom, so saying the atom is empty space
is not telling the examiner anything about the nucleus.

GCE Physics 6PH04 01 7
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Question 11 (c)

The full range of marks was awarded for this section, with only the most able scoring all
three marks. The most common errors were to have all three paths becoming parallel, or
having the lower path curving downwards and back on itself. This shows an initial attraction,
rather than repulsion. Those candidates who did have the lower path curving up and all
three paths diverging, often started the deviation for the lower path too late. Again, it is
about reading the question and thinking about what is being asked, rather than trying to
reproduce a diagram seen in a text book.

(c) The diagram shows three a-particles, all with the same kinetic energy. The path
. . . . e ——————————
followed by one of the particles is shown.

Add to the diagram to show the paths followed by the other two particles.

® Nucleus

(Total for Question 11 = 6 marks)

+IUS

Examiner Comments

This type of response was seen quite often: the three particles
have the same divergence.

0 marks
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(c) The diagram shows three a-particles, all with the same kinetic energy. The path
followed by one of the particles is shown,

Add to the diagram to show the paths followed by the other two particles.
(3)

® Nucleus

ResultsPlus

Examiner Comments

This response scored 2 marks but lost the 3rd mark because the
bottom particle began curving too late.

2 marks

(c) The diagram shows three a-particles, all with the same kinetic energy. The path
followed by one of the particles is shown.

Add to the diagram to show the paths followed by the other two particles.
3

® Nucleus

ResultsPlus

Examiner Comments

A three-mark answer.
3 marks

GCE Physics 6PH04 01

(Total for Question 11 = 6 marks)

9



10

Question 12 (a)

Candidates scored very well, with the majority scoring full marks. When errors were made
in the velocity calculation they were usually due to incorrect rearrangements of the formula
at the start. The 'use of' mark at the beginning of most calculations is for substitution into a
correct formula.

For weaker candidates, it is better to substitute into equations before they are rearranged.

If they rearrange first (incorrectly) and then substitute, they will not receive the 'use of'
mark. Examiners often saw v = mA/h.

In the kinetic energy calculation, the common mistakes were either to fail to square the
velocity if using KE = mv?/2 or to multiply by e, instead of dividing.

12 The electron in a hydrogen atom can be described by a stationary wave which is
confined within the atom. This means that the de Broglie wavelength associated with it
must be similar to the size of the atom which is of the order of 10" m,

(a) (i) Calculate the speed of an electron whose de Broglie wavelength is

1.00 = 10 m,
(3)

ne

= . 1 P MV

R i T 7
r: A hx\o LNE sl
<Ll _;"_‘,i.’_"..lg—-‘;f'

p = 6.63xlo " Ng o NE Qb

Speed=.?‘.-29..’f l.‘?‘ ms!

(ii) Calculate the kinetic energy of this electron in electronvolts.
(3
N
K.e. = i ™M Vl . .
!
2 -3 ¢ -1
2 X Ao x (R28x6°) = 2bxet T
-\
}_ﬂ_::_r_{g_—i_ e
L
Nexlo T P op I 150.5 V.

Kinetic energy = M \S)\ eV

+IuS

Examiner Comments

Responses like this were often seen: a perfect answer scoring
all of the marks.

6 marks
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12 The electron in a hydrogen atom can be described by a stationary wave which is
confined within the atom. This means that the de Broglie wavelength associated with it
must be similar to the size of the atom which is of the order of 107" m.

(a) (i) Calculate the speed of an electron whose de Broglie wavelength is
1.00 x 107" m, r):.mv/

A= /x107° A _f-'_%/[). L o
_____ looxio™'C = 6:&5%.\0’#//’.'_ .

, 0= bb3xi0T™
3\

be3xe™™ 9 ae xv. V= v2sg

Speed = . 7-28 x) O.-wf?\..i."

3

(i) Calculate the kinetic energy of this electron in electronvolts.
3

Ko = oY e S eV
o . _ o X(Sv:_lo.?t_ - eV
\ )
L Ke = [2x 4\ xh28x007Y B .
Ko = 2% w0 5w 3xip¥ * l6vi6

X0 %!

Kinetic energy = / 36 ‘ —

~ L ~ . o 1 PRI [RFL TRNURPY S [P S——

Q@

Examiner Comments

(a)(i) This candidate has made an error with the powers of ten in the
calculation of momentum. It scores the two method marks but not the last
answer mark.

(a)(i) The candidate could potentially score three marks here, using the
value from (i), but in the energy calculation has missed the powers of ten
off the mass of the electron. The candidate then multiplies by c*> as well
as dividing by e. The marks are independent, so this candidate scored one
mark for dividing by e.

3 marks

GCE Physics 6PH04 01
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12 The electron in a hydrogen atom can be described by a stationary wave which is
confined within the atom. This means that the de Broglie wavelength associated with it
must be similar to the size of the atom which is of the order of 107" m.

(a) (i) Calculate the speed of an electron whose de Broglie wavelength is

1.00 = 107" m,

X= L\/P X =N/ e
M. = h/)\ v=_b G3xigi

. ) . L 0OR LT P A T
v=kh_ o =3F20771¢ T1A5 My

(3)

Speed = .+ % ‘.O‘.J.FY.\?:!- )

(ii) Calculate the kinetic energy of this electron in electronvolts,
(3)
N

) -
EpmomvE > 33150 R e

= 08 % A x0 X 7. 280" =L OB TXAO —Y.
=33 \.5\‘_,\6.&3.

emovestto e\ T R

ﬁ ResultsPlus

Examiner Comments

Kinetic energy = ... ... 2. O7F x WO eV

A common error in (ii). Despite writing E = mv2/2 when
substituting into the equation the candidate has forgotten to
square the velocity. This scored 3 for (i) and 1 for (ii).

4 marks

A

OO ResultsP

Examiner Tip

us

Remember to learn the terms in equations.

GCE Physics 6PH04 01




Question 12 (b)

Since this question was about de Broglie, it was very surprising how few candidates thought
to base their answer in terms of electron wavelength. The vast majority of candidates
missed the point completely, and talked about attractive electrostatic forces between the
protons and the electrons, the difficulties with the strong nuclear forces and many more
inventive answers. Even those who did realise that it was about wavelengths, often scored
only 1 mark, because they failed to say that the wavelength would have to be similar in size
to the nucleus. It appeared that that was assumed, and candidates just commented on the
wavelength being smaller.

(b) When P radiation was first discovered, it was suggested that there were electrons
in the atomic nucleus, but it was soon realised that this was impossible because the
energy of such an electron would be too great.

Suggest why an electron confined within a nucleus would have a much greater
energy than the energy calculated in (a)(ii).

Je e, _w/mz w o Lt

ﬁ ResultsPlus

Examiner Comments

A perfect answer that scores both marks. Very few of the candidates
scored 2 marks and only a small humber more scored 1 mark.

2 marks

GCE Physics 6PH04 01
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This candidate does appreciate that the answer is to do with the associated de Broglie
wavelength but fails to say that the wavelength is similar in size to the nucleus and so
scored 1 mark.

(b) When f radiation was first discovered, it was suggested that there were electrons

in the atomic nucleus, but it was soon realised that this was impossible because the
energy of such an electron would be too great.

Suggest why an electron confined within a nucleus would have a much greater
energy than the energy calculated in (a)(ii).
(2)

because i ik goes Co'frﬂfdwu\m&ﬂwl«msJ’wouﬁj
B hoe o num(f* Shotker de brogle
_...._HA H« 8“"’1}’ Hwatoc;y'#w

l’c

& T

us

Examiner Comments

Think about the context of the question: the clue was in (a) where
the electron of hydrogen was talked about.

1 mark

(b) When f radiation was first discovered, it was suggested that there were electrons
in the atomic nucleus, but it was soon realised that this was impossible because the
energy of such an electron would be too great.

Suggest why an electron confined within a nucleus would have a much greater
energy than the energy calculated in (a)(ii).
(2)

0. .5‘)’-m_,qz) oncdev forer Th | eAeeheon. wiodd
(CTURY. v R ( 2 S = Cle.  PosThve  cerrii

bocorse. /4 05 /\4/:)*/1‘/% chortg el

ResultsPlus

Examiner Comments

A very frequent answer that scored no marks.
0 marks
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Question 13 (a)

Again, there were many correct answers. Some candidates chose to calculate an angular
velocity first and then calculate T. This is acceptable but candidates need to be aware of
working with too few significant figures. Some used 0.004 rad s instead of

0.00426 rad s!, leading to an answer that was outside the acceptable range.

Other candidates tried to incorporate 32, the number of capsules. Candidates need to
remember that any data that they need they will be given, but that at A2, there may be
some data in the question that they do not need to use.

13 The London Eye consists of a large vertical circle with 32 equally-spaced passenger
cabins attached to it. The wheel rotates so that each cabin has a constant speed of
0.26 m s°' and moves around a circle of radius 61 m.

Gl
U -].[: Fa T

Time=. L3888 oo

ﬁ ResultsPlus

Examiner Comments

This is a typical wrong answer where the candidate has
used time = distance/speed using the radius, instead of the
circumference. This scored zero.

0 marks

GCE Physics 6PH04 01
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13 The London Eye consists of a large vertical circle with 32 equally-spaced passenger
cabins attached to it. The wheel rotates so that each cabin has a constant speed of
0.26 m s”' and moves around a circle of radius 61 m.

(a) Calculate the time taken for each cabin to make one complete revolution,

.w(.ﬁobu'lﬂr W ,q,:r__u—_-iznw

Time= 1232 s . ..

ﬁ ResultsPlus
Examiner Comments

Arithmetic error, 2 x 61 = 122 not 102. This candidate has used
the correct formula and scored 1 mark.

1 mark

OO ResultsP

Examiner Tip

Take care with simple arithmetic, careless slips
lose marks.

16 GCE Physics 6PHO04 01



Question 13 (b)

Generally correctly answered - candidates were helped because there was no need to
rearrange the equation. The common error, when made, was to forget to square the velocity

thus losing both marks.

(b) Calculate the centripetal force acting on each cabin.

mass of cabin = 9.7 x 10" kg 0}_ é"z’
2 ?.?_:‘/ boz (2) -
- - I = | -07495087 i

1.07+0° NV
(3s.])

Centripetal force =

ﬁ ResultsPlus

Examiner Comments

All the substitutions are correct and velocity is squared.
However, this candidate has made a power of ten error, so loses
the answer mark but receives the method mark.

1 mark

A

%,
ResultsPlus
Examiner Tip
Think about the answer: just looking at the order of

magnitudes on the LHS, it is clear that the power of ten
is wrong on the RHS.

GCE Physics 6PH04 01
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(b) Calculate the centripetal force acting on each cabin,

mass of cabin = 9.7 x 10° kg

'~_......I..1 F=mr.olf
r
L1
Fz 90 x (0:26) = 438
6l

Centripetal force = . 41:3N.

ﬁ ResultsPlus

Examiner Comments

A typical wrong answer, the formula used is correct but the
velocity has not been squared.

0 marks

A

ResultsP

Examiner Tip

Having written the correct formula, take time to ensure
that it has been used properly.

Question 13 (c) (i)

Nearly all candidates scored this mark.

18 GCE Physics 6PH04 01




Question 13 (c) (ii)

Whereas candidates were able to show the direction of the centripetal force on the diagram,
the majority of candidates showed no understanding of the fact that this is a resultant
force, in this case, of the weight and normal contact force. Also, many candidates thought
that the problem was like that of an object being swung on a rope in a vertical circle. This
meant that many candidates said that the maximum reaction force was at the top and the
minimum at the bottom. Even those who did correctly identify the maximum force at the
bottom, invariably went on to talk about the centripetal force as an actual physical force.

Overall, this was a very poorly-answered question, showing a very poor understanding of
what is admittedly a very difficult topic.

*(ii) As the person in a cabin moves around the circle, the normal contact force
between the person and the cabin varies.

State the position at which this force will be a maximum and the position at
which it will be a minimum. Explain your answers.
(4)

At A twe Contect ),.w_re (S =5 N - Y R PUAR OV S - o
F, = My =R ey A (Sheve D vs. twe Cowtact J,OM('#._) V-1
}Qv._ twesc Yo Ve on SESUlYaund ((‘ﬂv!".i..u‘l. ,{?.F.'«GLI) (}v-'t"“, L M Sk
he Samalley  taen mgy (Lt 1. Constant),
Ae C...tne  Contact jﬂd"f I Y = 1 SN A S e AT S S .

}D
ar. . C o o= - M Se a\‘ en NSl Aot L e nAvepetal

to oct. . ke Cords. e clvdle. Cerbee, R tust. be. gyl ren

o Mv}

<d\ ResultsPlus

Examiner Comments

An example of a full 4-mark answer, which was only achieved by a very

few candidates. Rather more scored 3 marks, but usually lost the 4th mark
because their answer did not make it clear that the centripetal force is not an
actual force, but the name given to the resultant force of the weight and normal
contact force.

4 marks

GCE Physics 6PH04 01
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*(ii) As the person in a cabin moves around the circle, the normal contact force
between the person and the cabin varies.

State the position at which this force will be a maximum and the position at
which it will be a minimum, Explain your answers,

the circle @
AE fle f?f’ of Hee=zzhiin e ontock ;QM
(FLN -

s yois ke e ok st iks  a

o gow
here  both

bre cerbripebed Jorce and  fle pessens

#*
L nielght oy in a  davasted  direckio . Tle

5¢M§=

of  Ae  cifcle wodd experiewe loe . .
N L ferce  os  leokhs e resudbet ol Eee

cenkcipebet  Jorce are  2esbiag wprterds  onbe the

ﬁ ResultsPlus

Examiner Comments

This response scored one mark for the positions of max and min forces

but the reasoning is incorrect. This candidate clearly thinks that the
centripetal force is a physical force.

1 mark
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*(ii) As the person in a cabin moves around the circle, the normal contact force
between the person and the cabin varies.

State the position at which this force will be a maximum and the position at
which it will be a minimum. Explain your answers.
(4)

The . aerael . (oavec et ke khe  grecteat
Myt

ak o betouwre Rzt Mg e

dowere o Rois the  Accaal o coatact Jora.. . F

. Tk&ag(‘m&k@mt&ct*«vuwall ibe o te. lecar. . ..

RS "’am& AB A

L Cakin G e :.g,.t«__gdm__ﬁmcm il per—i—

1
il Boke R = Mmg- LR

<» ResultsPlus

Examiner Comments

This scores 3 marks but does not identify clearly that the
centripetal force is a resultant force.

3 marks

GCE Physics 6PH04 01
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*(ii) As the person in a cabin moves around the circle, the normal contact force
between the person and the cabin varies.

State the position at which this force will be a maximum and the position at
which it will be a minimum. Explain your answers.

AM%B» wtgh and b dorwion ar¢ acking in B
| o

Atc By '.Wﬁ.%wmmm_
upoan B e durechion. Thoregore Mwww}wﬂw
ond F  normal Mﬁm ool o uamum od C.

et f""‘”’“‘" W ”ffl‘“’ W Wﬁ

ﬁ ResultsP!

us

Examiner Comments

A frequently-seen answer, where the candidate is thinking about
an object on a rope. This scores zero.

0 marks
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Question 14 (a)

The diagrams were generally good with most candidates understanding that a free-body
diagram should only show the forces acting on one object and that it should be the forces,

and not the components of the forces.
- R N

14 Two identical table tennis balls, M and N, are attached to non-conducting threads and
suspended from a point P. The balls are each given the same positive charge and they
hang as shown in the diagram. The mass of each ball is 2.7 g.

27w \o"’hD
p W= Mz
= 2T \c:-""‘x. q.8\
=O0.0ReTR7 N

\31:10-" L

|<7 20.6 cm _-—ﬁ

20 € %18 T

(a) Draw a free-body force diagram for ball M, label your diagram with the names of
the forces.

Examiner Comments

An excellent diagram that scores both marks.
2 marks

GCE Physics 6PH04 01 23
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14 Two identical table tennis balls, M and N, are attached to non-conducting threads and
suspended from a point P. The balls are each given the same positive charge and they
hang as shown in the diagram. The mass of each ball is 2,7 g.

18.0 cm

q

|<"— 206 cm —>|

(a) Draw a free-body force diagram for ball M, label your diagram with the names of
the forces.

Tens\on
&

weight =mq.

ResultsPlus

Examiner Comments

Although a tension force has been drawn, it is not in the correct
direction and so this scores 1 mark for two correct forces.

1 mark

GCE Physics 6PH04 01




14 Two identical table tennis balls, M and N, are attached to non-conducting threads and
suspended from a point P. The balls are each given the same positive charge and they
hang as shown in the diagram. The mass of each ball is 2.7 g.

18.0 cm

fe———20.6 cm ———|

(a) Draw a free-body force diagram for ball M, label your diagram with the names of
the forces.

us

Examiner Comments

extra reaction force.
0 marks

The electric force has been omitted. If only the weight and tension had been
drawn, this would have scored 1 mark but that mark is lost because of the

GCE Physics 6PH04 01
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Question 14 (b)

A lot of candidates scored all three marks in (i) but did not realise in (ii) that they needed to
resolve horizontally to find the electric force. They assumed that they had to use

F =Q,Q,/ kr* and either gave up or invented a charge to use. They then in (iii), used that
force to arrive at the charge that they invented in (ii). A nice circular argument that meant
they lost several marks. The use F =Q,Q,/ kr> was quite challenging for some candidates.
There was a lot of confusion between Q?and 2Q and many candidates did not know what to
use for r. Many candidates think of r as a radius and so tried to use 18 cm, the length of the
thread, or they halved the 20.6 cm.

As well as these errors, there were also a lot of calculator mistakes, so that the last mark of

(iii) was often lost.
N B .\

(b) (i) Show that the tension in one of the threads is about 3 x 102 N,

048 Teokin=0.026% 5.6
Tenscon = QB 0.052N. .

(3)

(11) Show that the electrostatic force between the balls is about 2 = 10-% N. ,
()

k@@ (@) alaexo DRk exio) ,
Ae — = 0,206 . A S 582807

(iii) Calculate the charge on each ball. .
(3)

[ _x
==

Charge =
ﬁ ResultsPlus

Examiner Comments

The candidate successfully resolves vertically to find the
tension, scoring 3 marks for (i) but fails to resolve for (ii)
meaning that no more marks are scored.

3 marks
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(b) (i) Show that the tension in one of the threads is about 3 x 102 N, .
(3)

/. Ta . . T
% o s 1= 5. B0~ N

(ii) Show that the electrostatic force between the balls is about 2 x 1072 N, 0
-\-)

A By 2o T3
. . [ : B 2 G-Zgil.l;?) w;s‘ . = l.‘gﬁ-*'b‘_l N

2 MINLL T e oy o0

e —— . - "

(iii) Calculate the charge on each ball, 3
3)
. - 2
Feoreq o %z o ke k@S
o X
> renets y@ 2 Qe (8sesVedy”) < st o
(@0.68o?)” €.T%v(o!
X
Charge = gy C

Examiner Comments

(i) and (ii) score full marks. In (iii) the candidate has forgotten
to take the square root of their answer so scores 2 marks.

7 marks

oO ResultsP!

Examiner Tip

Putting a square root sign around the calculation would
have acted as a prompt to take the square root.
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(iii) Calculate the charge on each ball.

Eoyzm SL\ | o
CZ?:\Q-!’>):(C[' gi)z[Q‘BmD- 1) = ("‘3’”0- 1)05 35]
B.bxr o453 T

L= B exs*=""Tax
Q:.22%.7 c

(3)

i

i
D"?

Charge = 2-3 WA C

ﬁ ResultsPlus

Examiner Comments

In (iii) this candidate is confusing E for electric field with E for
energy and scores no marks.

5 marks

A
@ ResultsP

Examiner Tip

us

Make sure that you know the meaning of all of the
symbols used in physics.

(ii1) Calculate the charge on each ball.

(3)

F. .z .k Q@ (Zxv22)x(10.22). —_—
re 2(r.a9x0%)

£ . 339X/07xQQ
0.1

ﬁ ResultsPlus

Examiner Comments

Az 1.igx0 " C

A common error, Q,Q, treated as 2Q. Distance left as cm so this
scores zero marks.

0 marks

GCE Physics 6PH04 01
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Question 14 (c)

The question was looking for evidence of an understanding of Newton's 3rd law. There were

a number of vague or ambiguous answers that did not score a mark, but there were also
a surprising number of answers specifically saying that the balls would hang at different

angles to the vertical, because ball M would exert a larger force on ball N.

(c) State and explain what would have happened if the charge given to ball M was
E,rcatcr than the LhargL glvm to ball N.

Megplle L o

ﬁ ResultsPlus

Examiner Comments

A full 2-mark answer with a clear understanding of the
situation.

2 marks

(c) State and explain what would have happened if the charge given to ball M was
greater than the charge given to ball N,

f ‘WW?@C 3thomM _ L“B‘ oa N,
M ol be e vl ad Noodd

ﬁ ResultsPlus

Examiner Comments

A clearly wrong answer, where the candidate has no
understanding of the forces in this situation.

0 marks

GCE Physics 6PH04 01

-»vu,, M,(;f (W L’A«, N W#@”fmé.
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(c) State and explain what would have happened if the charge given to ball M was
greater than the charge given to ball N. @
. TIM; 0 = Y= 5L S o R DU YV s SRR R PRriRALL . Cm @-rpa!—er —
CEPUNIME o O O AN baedlo Mo Thesegore. o blae

b doe LN s Ce pe O & rthes -

<d\ ResultsP

us

Examiner Comments

Everything in this answer is correct, but without a reference to
ball M, it scores zero.

0 marks
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Question 15 (a) (b)

A straightforward calculation to start this question, although some candidates still made the
mistake of confusing C for 'charge' instead of 'capacitance'.

. 3

15 A defibrillator is a machine that is used to correct an irregular heartbeat or to start the
heart of someone who is in cardiac arrest.

The defibrillator passes a large current through the heart for a short time.

The machine includes a high voltage supply which is used to charge a capacitor. Two
defibrillation ‘paddles’ are placed on the chest of the patient and the capacitor is
discharged through the patient.

Discharge Charge
,r' Switch | High voltage
- supply
150 uF ] 1200 V
Insulated capacitor ~ | :
Paddles handles |
|
|
(a) The 150 pF capacitor is first connected across the 1200 V supply. 5
Calculate the charge on the capacitor.
(2)

-k
¢ =150x0  Xx1200=0,18

.QB=eN

Charge= Ol € ¢ 1

GCE Physics 6PH04 01
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(b) Calculate the energy stored in the capacitor.

WA 72 QN.= AL X 0.8 X 1200
= 1os

Energy stored = 10 8 )

ﬁ ResultsPlus

Examiner Comments

The majority of candidates scored both marks for (a) and (b),
as in this example.

4 marks

(a) The 150 pF capacitor is first connected across the 1200 V supply.

Calculate the charge on the capacitor.

Q=X N 200
Charge = .. O(SA

ResultsPlus

Examiner Comments

(a) A careless error with units loses a mark.
3 marks
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15 A defibrillator is a machine that is used to correct an irregular heartbeat or to start the
heart of someone who is in cardiac arrest.

The defibrillator passes a large current through the heart for a short time.

The machine includes a high voltage supply which is used to charge a capacitor. Two
defibrillation ‘paddles’ are placed on the chest of the patient and the capacitor is
discharged through the patient.

Discﬁgrge Cl‘largc
’;r Switch | High volings
// supply
Insulated 150 I_J-IF — 1200 V
Paddles handles capacitor

(a) The 150 uF capacitor is first connected across the 1200 V supply.
Calculate the charge on the capacitor,
= N
O
Charge = .. Q‘n?—sm

GCE Physics 6PH04 01
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(b) Calculate the energy stored in the capacitor.

Eoegy gored= L QN QF 190 N# 1200
2

=5 (\50&\'1;13)%?_

ﬁ ResultsPlus

Examiner Comments

Energy stored = 90,000 ¢

When candidates did lose marks it was usually the mistake seen
here. They think that C is the symbol for charge and therefore
use the value of capacitance for Q, in the formula.

0 marks

A
Q ResultsPlus
Examiner Tip

Learn the symbols carefully and remember that C is
used for capacitance and Q for charge.

0 marks

GCE Physics 6PH04 01




Question 15 (c) (i)

A very straightforward resistance calculation, which nearly all of the candidates answered

correctly.

Question 15 (c) (ii)

Most candidate scored at least one mark for an attempt to use RC. The most common error
was for candidates not to think about the question and because 'three quarters' was in the

question, they assumed that Q was 0.75Q,.

(¢) When the capacitor discharges there 1s an mitial current ot 14 A in the chest ot the
patient,

(1) Show that the electrical resistance of the body tissue between the paddles is
about 90 Q.

(ii) Calculate the time it will take for three quarters of the charge on the capacitor to
discharge through the patient.

&
- <
;._-Jr:c"ﬁ T vaIh =¥ 4205 - gcqg

.
Q:Q, e 4t__

-t
2ee
Wt = e

3 5o ")\nl : -3
b -kClag = -(15.1,,)& o w - 369816, o <
I T T
Time = ?»-"la:..u:.1

ﬁ 5
ResuitsPlus
Examiner Comments
A frequent answer, where candidates did not read the question

carefully and realise that if three-quarters of the charge has
discharged, then the charge on the capacitor is one-quarter Q,

1 mark

A

ResultsP

Examiner Tip

us

Read the question carefully.

GCE Physics 6PH04 01
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(¢) When the capacitor discharges there 1s an initial current of 14 A in the chest of the
patient,

(i) Show that the electrical resistance of the body tissue between the paddles is
about 90 Q.

o = IR N = R o= 1200 = 860
T (W

(ii) Calculate the time it will take for three quarters of the charge on the capacitor to
discharge through the patient. -

Q- Qee ™t a-18-(2x018) = 0.0us
OV B 2P nn 6045 = 018 ot/ six Urio™¢

b\(%%‘) = =4+  .lne

00119

k= 0-018s5 .
Time=. 0 -0Q\fs

Examiner Comments
his answer scores the full 3 marks. A lot of candidates used
this method and calculated the charge, rather than used Q,
and 0.25Q, Doing an unnecessary extra calculation means that
errors might be introduced which would lose marks.

3 marks
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(c) When the capacitor discharges there 15 an initial current of 14 A 1n the chest ot the
patient.

(i) Show that the electrical resistance of the body tissue between the paddles is
about 90 €.

S0 85T
4
(ii) Calculate the time it will take for three quarters of the charge on the capacitor to

discharge through the patient. .

b p
RS ¥ 190 107" « ®lb X107 4098

ﬁ ResultsPlus

Examiner Comments

This candidate has multiplied four numbers together with no
indication of what is being found. The fact that the value for R
and C appears in this calculation is not enough to justify the use
of RC mark.

0 marks

OO ResultsPlus

Examiner Tip

Use words or symbols to explain what you
are trying to do.

GCE Physics 6PH04 01
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Question 15 (c) (iii)

This is another example of candidates needing to think about the context of the question.
This was about a defibrillator, which is charged before applying it to the patient. The
constant is therefore the charge. Quite a few candidates thought that an initial greater
current meant that more charge could flow.

(iii) Body resistance varies from person to person. If the body resistance was lower,
the initial current would be greater.

State how this lower body resistance affects the charge passed through the body

from the defibrillator. .
)

Q=14 ., IS e westance. s fower . causes.. e cunenk. .
ntrase ey o G 1t . of. L. RS

. e somls o the  pmount of . chge. . passes -1-)1»11@}7
+h hﬁj wil be godes .

(Total for Question 15 =9 marks)

ﬁ ResultsPlus

Examiner Comments

A frequent wrong answer: the candidate states that if resistance
decreases, current increases but does not realise that there is a fixed
amount of charge. The candidate uses Q = It with T constant to justify
a larger charge for a larger current.

0 marks

(iii) Body resistance varies from person to person. If the body resistance was lower,
the initial current would be greater.

State how this lower body resistance affects the charge passed through the body

from the defibrillator. )
)

The, C[’kwgf Lould pass n?roll-ﬁ\« Mbocf@wu q,ulclfig

ﬁ ResultsP!

4

us

Examiner Comments

An example of an answer that scores the mark.
1 mark
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Question 16 (a)

This was a very good question that discriminated well, with the full range of marks being
awarded.

At the simplest level, candidates just mentioned the change of flux and Faraday's law. The
more able candidates appreciated that the difference in shape of the two parts of the graph
was due to the magnet accelerating. They were then able to score well on this question.

A few candidates missed the idea of magnetic flux and just went on to try to explain why
the e.m.f. varied.

Some candidates spent a long time on Lenz's law and which end of the coil was a north
pole etc, and were convinced that because of this the magnet would slow down as it passed
through the coil. These candidates showed a lack of appreciation of the relative sizes of the
forces.

16 A teacher demonstrates electromagnetic induction by dropping a bar magnet through a
flat coil of wire connected to a data logger.
N

T ==

Data
|
ogger ~

The data from the data logger is used to produce a graph of induced ¢.m.f. across the

coil against time.
A
Induced
e.m.f,
0 >
Time

GCE Physics 6PH04 01
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\.

*(a) Explain the shape of the graph and the relative values an both axes.
. (6)

As the magnek goes Huough He eoil,  the  Pux linkage. ehanges
over. imeand. e is  induced.  The vestieal line on He

Smph _ mpuse_uh_ Hre cheng  in divechion o€ induad ewm.P.
Ahen Hee mAgvvd’ leares He cail, hlg"w-e.ump is...i.o\_d,uaA_
be caure. Hee Mﬂm.d' is l'ruwd.liwj Paxf‘er seeerre . Lhtela

causes.  gwader  change in. Plux likage. |
The amducﬂk' is . wob  consknt  because  Hee vnlodh_a}

-

GC

The_ w.a.g«d- _accelerakes Wit accelerabioan @F-. a (Q.Gims."_)‘

ﬁ ResultsPlus

Examiner Comments

This scores 3 marks: flux changing, magnet accelerating and a larger e.m.f.
as magnet leaves the coil. The statement about the vertical line showing
change of direction of e.m.f. was not linked to the magnet passing through
the coil and so did not gain a mark.

3 marks

E Physics 6PH04 01
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Zesz>. //'

r

16 A teacher demonstrates electromagnetic induction by dropping a bar magnet through a
flat coil of wire connected to a data logger.
N

) =

Data
logger

The data from the data logger is used to produce a graph of induced e.m.f. across the
coil against time.

[I'Idl.lCEd Sl RESTRARALRAN = LT ! RS RAREL LRERE NS 6RARE AARLY IAREN RERuE embian wukans
e.m.f,

*(a) Explain the shape of the graph and the relative values on both axes.

08 ”~a gk fhlls the col cubs o geel oonrount
o;_ _fN’-S O}, (Vlo VJ?::. %«x %c/ C,um _ m.cz 0«51’

5. oecrelemh jj Cc:u.sm .ﬂf._'“wwf..a:\ f’MF
lﬂb\w}h 4 & Th ﬂ~ﬂ /A | fr e bm.e,;_ hZe
fe.....r}.._.._.._ﬂo Chevge S egede Mux So e omf. d/‘u{))

@MA% mﬁz: Ve . WL/-P N\ e fesbr
hne os w[' oy )»]'f aeeelyahng MARP |
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meee  Ines  of ﬂv\x o eukin the Sowna

U-‘ﬁ\\'ik }TWW- S YN k/u Megael  reechaes
a dts}ﬂwaf (cao e Mu emf Cfm]m G zeve
o5 Hﬂé’ !mh- C:”f/ /”éﬁx O ]C,"\L/ mt@ac["_

0),4‘_,; f( /z.y d;;[/oﬁ/@l , ﬂu eco—0 @VV‘/ /3
Ve o8 nraling MOO /«./om Ho coil

% ResultsPlus

Examiner Comments

An example that scores 6 marks: a faster time was accepted as
meaning a shorter time.

3 marks

GCE Physics 6PH04 01




i

16 A teacher demonstrates electromagnetic induction by dropping a bar magnet through a
flat coil of wire connected to a data logger.
N

=

Data
logger

The data from the data logger is used to produce a graph of induced e.m.f. across the
coil against time.

[
Induced |
e.m.f.

*(a) Explain the shape of the graph and the relative values on both axes.

S o Kwe- Shawn on 2,,5

ho wabdla o Ho ol wd.
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Dwa Yo levs Lo, Pe . g oppsses Yo seuce
g 15 Saouwm o Ma V%JA\UQ. 5-‘”‘?5 R
B O Ko woa mk\reouws% TSN "I O V\D\O*er

g obmie el obucrn

3\13212'! on N v@}w@ A= oS ok
o &m@e 7

Examiner Comments

This scored 3 marks. One for the idea of flux changing - although Faraday
is mentioned, the law is not quoted. The response mentions the e.m.f.
increasing but does not relate it to the magnet approaching the coil.

The 2nd mark is for the idea of the direction of the e.m.f. changing, as the
magnet goes through the coil.

The 3rd mark is for stating that the magnet's speed increases but the
reference to the graph being steeper is not enough, because we do not know
to which part of the graph the candidate is referring.

3 marks
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Question 16 (b)

Quite a few candidates had no understanding of this situation and drew one large single
pulse. There were similarities with (a) and a humber of candidates copied the graph from
(a) and scored 2 marks.

Those that had probably identified the acceleration in (a), realised that because of the
constant velocity in (b) the two peaks would be equal in size thus scoring 3 marks. Only
the more able candidates realised that because of the relative sizes of the magnetic field
and coil, there would be a region of zero e.m.f. in the middle.

(b) The teacher then sets up another demonstration using a large U-shaped magnet and a
very small coil of wire which is again connected to a data logger.

The north pole is vertically above the south pole and the coil is moved along the line
AB which is midway between the poles. The magnetic field due to the U-shaped
magnet has been drawn. The plane of the coil is horizontal,

N
= % Y [ \
Very small - \ }
coil of wire S

_ I
L

Sketch a graph to show how the e.m.f. induced across the coil varies as the coil

moves from A to B at a constant speed.
(4)

=

Induced
e.m.f.

Dis:tanéc

>

'

B

ResultsPlus

Examiner Comments

A correct answer that scores 4 marks.

4 marks
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(b) The teacher then sets up another demonstration using a large U-shaped magnet and a
very small coil of wire which is again connected to a data logger..

The north pole is vertically above the south pole and the coil is moved along the line
AB which is midway between the poles. The magnetic field due to the U-shaped
magnet has been drawn. The plane of the coil is horizontal.

= A b
Very small ) '
coil of wire

Sketch a graph to show how the e.m.f. induced across the coil varies as the coil
moves from A to B at a constant speed.

4
Induced i i &
e.m.f. i i et b B
npnn :___‘ - T T— - : .’.
B £ S ey B B
0 . u’ﬁg%i. ] LI i ]
E, T T . | i '
S5Ed b +H T ¥ i
s s
oo R i
Bt L
et b R R e

ﬁ / ResultsPlus

Examiner Comments

A frequent answer that scored zero marks. The candidate did
not see the similarities between parts (a) and (b).

0 marks
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(b) The teacher then sets up another demonstration using a large U-shaped magnet and a
very small coil of wire which is again connected to a data logger.

The north pole is vertically above the south pole and the coil is moved along the line
AB which is midway between the poles. The magnetic field due to the U-shaped
magnet has been drawn. The plane of the coil is horizontal.

N
A }{% VoW \rl(
= ;
Very small \ \ j
coil of wire

=

Sketch a graph to show how the e.m.f. induced across the coil varies as the coil
moves from A to B at a constant speed..

Induced
e.m.f.

s

0

This candidate has probably realised the similarities between the
question parts and has effectively copied the graph from (a), but has
correctly made the two peaks of the same height. This scores 3 marks.

3 marks
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Question 17 (a)

This question was generally well-answered, as expected. Where mistakes were made, it was
in thinking that 4 was the atomic number (probably confusion with atomic mass) and in not
realising that it is a number and not an actual mass.

17 In 2011 physicists at the Relativistic Heavy lon Collider (RHIC) announced the creation
of nuclei of anti-helium-4 which consists of anti-protons and anti-neutrons instead of
protons and neutrons,

(a) ‘Ordinary’ helium-4 is written as >He,

What do the numbers 4 and 2 represent?
(2)

o qumboer SR Protons | auch neokions
e are Peseny  ca Yl ateer

ResultsPlus
Examiner Comments

A vague answer that scored no marks.
0 marks

17 In 2011 physicists at the Relativistic Heavy Ion Collider (RHIC) announced the creation
of nuclei of anti-helium-4 which consists of anti-protons and anti-neutrons instead of
protons and neutrons.

(a) ‘Ordinary’ helium-4 is written as ;He.

| What do the numbers 4 and 2 represent?

(2)
. sk [ 5

Ll len S pleten. Nt b

| b MOrgenly  fe  pumber.. of. fClFTONS oo

ResultsPlus

Examiner Comments

This scored 1 mark for the mass number, but although in a neutral
atom the number of electrons is the same as the proton number,
this is a wrong answer when the question is asking about the
creation of nuclei.

1 mark
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Question 17 (b) (i)

Although many got this right, quite a few candidates said that it was for speeds greater than
the speed of light, whilst others thought that it was to do with how something relates to
something else.

(b) In the RHIC experiment, nuclei of gold "JAu travelling at speeds greater than
2.99 x 10* m s, in opposite directions, collided, releasing energies of up to
200 GeV. After billions of collisions, 18 anti-helium nuclei had been detected.

(1) What is meant by ‘relativistic’ in the collider’s name?

R C(80om0tes )

ﬁ ResultsPlus

Examiner Comments

Examiners would have expected all candidates to know
that this is not possible. Zero marks.

0 marks

(b) In the RHIC experiment, nuclei of gold I:';Au travelling at speeds greater than
2.99 » 10" m s', in opposite directions, collided, releasing energies of up to
2D0GEV. Afier billions of collisions, 18 anti-helium nuclei had been detected.

(1) What is meant by ‘relativistic’ in the collider’s name?
(1)

As  speed  \ncremes  mokrs WMCremed
on  well E=vct

This is a true statement but it occurs at all speeds and not just
relativistic ones so it does not gain the mark.

0 marks
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Question 17 (b) (ii)

Another good-scoring question, although it was an opportunity for some candidates to try
to get annihilation into the answers. Others said that it was in order to get particles close to
the speed of light.

(1) State why it 1s necessary to use very high energies in experiments such as these.
(n

o breck s—l«ar\j _molecelar &mskold.t.«a otoms
logebhar,

ﬁ ResultsP

us

Examiner Comments

Another example of a candidate not thinking about the question,
which is this case is about nuclei not atoms. Therefore, talking
about strong atomic bonds is inappropriate and scores 0.

0 marks

{11) dtate wny It 1s necessary o use very hign energies in experiments such as these,
(1)

H(@h 6’#_%0'&/& e nascledl fm’ Pa«-ﬂ'oﬂﬁg wieth
laagier. . s & be predmced.

ResultsPlus

Examiner Comments

An example of an answer that scored the mark.
1 mark
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Question 17 (b) (iii)-(b) (v)

(iii) This is another question where not all of the data is needed in calculations but is

there in order to set the context. Many candidates were able to do the unit conversion,
having realised that they needed to start with 4u as the mass of the anti-helium nucleus.
Candidates who did not realise this, had difficulties. Some tried to use the 200 GeV, leading
to a score of zero. Others started with the 4 GeV and worked backwards, to a mass in kg
and a comparison with 4u. If this was done completely it scored only 3 marks, because

the candidate had not done what the question had asked. In 'show that' questions,
candidates must work towards the 'show that' value that is quoted and not away from it.
Candidates are generally very good at showing their answers to 'show that' questions to one
more significant figure.

(iv) This was the candidates' opportunity to talk about annihilation. However, candidates
need to realise that annihilation does not just happen; it has to happen with something.

(v) This was not generally well-answered, although there were far fewer attempts to use the
de Broglie wavelength compared with last June. Not many candidates realised that having
found the rest mass as 3.74 GeV/c?, the energy was 3.74 GeV. This meant that they started
the whole calculation all over again, often making mistakes with rearranging the equations.
Those who had not used the 200GeV earlier, often used it in this part.

(1) Show that the mass ol a stationary anti-helium nucleus 1s about 4 Gev/c*,

- , : : ‘ ~23
E= e > Mass ,He -(q Xl.62xIC ‘ ?) = & -68 A0 Y\DT

= 3FS 2300000/
ﬁc'”q ((ﬂ'\:'
= R.ISGeV

————

6. 6% x1o"”;“ 2 <I| br 1067 )
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(iv)State why the small number of anti-helium nuclei produced only survive for a
fraction of a second.
(1)

Tha bova ne aven Chordg . Sa @rsonnes. PR, sonkmasnee . Thay
couh ohiallaks.. beciise {AQ.% s, ks = portielos .

(v) A slow moving anti-helium nucleus meets a slow moving helium nucleus. If
they were to combine to produce 2 high energy gamma rays, calculate the
frequency of each gamma ray.
(2)

- me? (2x (6-66x10™7)) X (3x1c%) *

CEzhg. Eawme? . B §~ o TRl

F=8&11000% B
= |3 A0 H2

-

» T
Frequency = %) x(0"" Ha

Plus

Examiner Comments

(iii) A well-laid out 4 mark answer.

(iv) No mark, because there is no indication of what the particle is
annihilating with.

(v) Use of E = mc? is correct and the candidate has multiplied by two, but
forgotten then to halve the energy for each gamma ray so that the answer
is twice the correct answer.

6 marks

us

A
J/ OO Resultsi

Examiner Tip

In questions like this where two particles annihilate to
form two gamma rays, it is easiest to omit the use of
the 2 completely.

GCE Physics 6PH04 01



(111) Show that the mass or a stationary anti-nelium nucleus 18 about 4 GeVv/c=.
(4)

F=wmc
= (x0T x (vx1o9)"
- q)X\O_\O')'
107+ Lhx1o™
1.9 GeV x L
= .4 GeV

ﬁ ResultsPlus

Examiner Comments

This candidate clearly starts off with just two particles in the nucleus and arrives
at an answer of 1.9 GeV, scoring two marks for the two conversion steps.

The random multiplying by 2 is assumed to be because the candidate realises
that their answer is about half of the 'show that' value. This receives no credit.

3 marks

A

2/ ResultsPlus

Examiner Tip

In a 'show that' question, if you do not obtain the
correct answer, look back at your method to see if you
can find the error. Do not just multiply by the right
number to obtain the value you need.
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(111) show that the mass ot a stationary anti-helium nucleus 1s about 4 GeV/e“.
(4)

= Lex u._?_.l.r__ébx_t_o.'.” b
T 6-6lLx(0 kg

KRS A
_ '4\‘:;' -

X ('3 0x(0 ) ___3__:7_..::.[O.‘.‘......'.GV/C‘
______ 2327 GEV [

(iv)State why the small number of anti-helium nuclei produced only survive for a
fraction of a second.

AN helagon pad’kdfe.l amAthdlake V'MJ W(é]
and 1/‘“‘!':9’

(v) A slow moving anti-helium nucleus meets a slow moving helium nucleus. If

they were to combine to produce 2 high energy gamma rays, calculate the
frequency of each gamma ray.

. . (2}
A€ ctam = (e x (uxi-sbxt0™)
= 5-916x0”"

i _ .
E=hf, 50 £ = S5.976x0"° = 9.0x(0" K
6 63::10 E

Frequency = . 9.0x [0.13 H'B

o

ﬁ ResultsPlus

Examiner Comments

(iii) and (v) score full marks but again, in (iv), the candidate
does not say what the antiparticles annihilate with.

6 marks
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Question 17 (c) (i)

This was generally well-done although an answer such as it is made of two quarks, a quark
and an antiquark did seem a little confusing to read - but was given credit.

(c¢) There are two families of hadrons, called baryons and mesons. Baryons such as
protons are made of three quarks.

(i) Describe the structure of a meson.

ﬁ ResultsPlus

Examiner Comments

This response did not receive the mark because the use of the

word 'usually' implies that sometimes it might not be a quark
and an antiquark.

0 marks

Keep your answers simple. All that is needed as an
answer is 'one quark and one antiquark'.

(c) There are two families of hadrons, called baryons and mesons. Baryons suchds"“* 'Y H7
protons are made of three quarks,

(1) Describe the structure of a meson,
(1)

Mergsn arc.. wf of g uwko 2l ajgmﬁ

ﬁ ResultsPlus

Examiner Comments

Another answer that did not receive the mark because it refers
to plurals of quarks and antiquarks.

0 marks

GCE Physics 6PH04 01 55



56

Question 17 (c) (ii)

This question was again generally well-answered, with a significant number of
candidates achieving 4 marks. It was the last question on the paper so candidates knew
how much time they had left. The majority of candidates felt that they had to give full
details of the proton and the neutron, as well as the antiparticles that were requested.

Some candidates did not appreciate the need to demonstrate the three charges adding up
to 0 or 1, so only scored 2 of the marks. Other candidates were under the impression that
the quark content of the neutron could be the same as the anti-neutron, because the charge
on both is zero. This showed a fundamental lack of understanding of the nature of matter
and antimatter. As often happens, marks were also lost due to careless errors, omitting the
'anti' in front of proton but then giving the correct quark content for an antiproton.

(ii) Up quarks have a charge of +2/3¢ and down quarks a charge of —1/3e.
Describe the quark composition of anti-protons and anti-neutrons and use this to
deduce the charge on each of these particles.

prtin i GId ne han o hage of ~le
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ResultsPlus

Examiner Comments

A 2-mark answer for the quark composition only.

2 marks
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(ii) Up quarks have a charge of +2/3e and down quarks a charge of —1/3e.
Describe the quark composition of anti-protons and anti-neutrons and use this to
deduce the charge on each of these particles.
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ResultsPlus

Examiner Comments

An example of a 4-mark answer.
4 marks
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Paper Summary
Key points to help candidates improve their performance are
e Read the questions carefully and answer the question that is asked.

e For context-based questions, always think for a moment before starting to answer the
question. At the end of the question think again about the context - it might be relevant.

e Remember that not all data given in a question has to be used but all data that is
needed will be given.
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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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