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Introduction

Introduction

The main aim of this booklet is to exemplify standards for those teaching Cambridge International AS &
A Level Physics (9702), and to show how different levels of candidates’ performance (high, middle and low)
relate to the subject’s curriculum and assessment objectives.

In this booklet candidate responses have been chosen to exemplify a range of answers. Each response is
accompanied by a brief commentary explaining the strengths and weaknesses of the answers.

For each question, each response is annotated with a clear explanation of where and why marks were
awarded or omitted. This, in turn, is followed by examiner comments on how the answer could have been
improved. In this way it is possible for you to understand what candidates have done to gain their marks and
what they will have to do to improve their answers. At the end there is a list of common mistakes candidates
made in their answers for each question.

This document provides illustrative examples of candidate work. These help teachers to assess the standard
required to achieve marks, beyond the guidance of the mark scheme. Some question types where the
answer is clear from the mark scheme, such as short answers and multiple choice, have therefore been
omitted.

The questions, mark schemes and pre-release material used here are available to download as a zip file
from Teacher Support as the Example Candidate Responses Files. These files are:

Question Paper 22, June 2016

Question paper 9702_s16_qp_22.pdf
Mark scheme 9702_s16_ms_22.pdf
Question Paper 33, June 2016
Question paper 9702_s16_qp_33.pdf
Mark scheme 9702_s16_ms_33.pdf
Question Paper 42, June 2016
Question paper 9702_s16_qp_42.pdf
Mark scheme 9702_s16_ms_42.pdf
Question Paper 52, June 2016
Question paper 9702_s16_qgp_52.pdf
Mark scheme 9702_s16_ms_52.pdf

Past papers, Examiner Reports and other teacher support materials are available on Teacher Support at
https://teachers.cie.org.uk

Cambridge International AS and A Level Physics 9702
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Introduction

How to use this booklet

Example candidate response - high Examiner comments
5 (a) L@nmnmmﬂmmwmamm Explain the part played by
WHW- and infarfarence In the production of the first order maximum by the diffraction o These: i o divact
diffraction: ...JE.. 4.2t ,;_Pr'fnﬂ-‘-i'ﬂ Ak ey, Hiouah, o i eifumf!lmn :Mth ing
b et tiearitng. W s Prces ar;&us
Answers by real candidates in exam \:s;,..,..sﬁﬂéﬁmg """"" B D ;?::cr;%srt{;e thi:ir;m;irﬁsf -
conditions. These show you the types  [-#.Sommen. . peink: Thess e e isnil Ll
i ; bt - answer. These explain
of answers for each level.  feannte. by ph et pilas g, | Wiy ek s
Discuss and analyse the answers with 3
| i the cl " were awarded. This helps
your earlers g{.” e classroom to you to interpret the 4
ERPIOVATIEN. S jimvﬂhllﬂmﬂlwﬂﬂuﬂlmﬂn- standard of Cambridge f
examsand helps your
learners to refine their

technigue.
N S

How the candidate could have improved their answer

(a) The question was an application of diffraction al This explains how the candidate could have improved
peeded to apply their knnwiedge to the appﬁcatic_ln their answer and helps you to interpret the standard of
interference needed to be applied to the productiol Cambridge exams and helps your leamers to refine
applications as well as learning basic theory isreq| o, .m technique.

(b) The diffraction grating equation was used and t
mathematical error in the calculation and the final answer was not realistic. The candsdate needed to be
more familiar with likely values for applications of basic theory.

Common mistakes candidates made in this question

{g} Diff_ract_iun was described as the bending of I_ight. This lists the common mistakes candidates made in
diffractionis a wave property and hence diffraction 3l answering each question. This will help your learmers to

have passed through the diffraction element. The ff ayid these mistakes at the exam and give them the
was not described for this specific example. i ;
best chance of achieving a high mark.

(b) The angle given on the diagram was used as the
dwas guoted as the number of lines per mm N. There were power of ten errors converting d1n metres to
in mm-.

Cambridge International AS and A Level Physics 9702 5



Assessment at a glance

Assessment at a glance

Candidates for Advanced Subsidiary (AS) certification take Papers 1, 2 and 3 in a single examination series.
Candidates who, having received AS certification, wish to continue their studies to the full Advanced Level
qualification may carry their AS marks forward and take Papers 4 and 5 in the examination series in which
they require certification.

Candidates taking the full Advanced Level qualification at the end of the course take all five papers in a
single examination series.

Candidates may only enter for the papers in the combinations indicated above.
Candidates may not enter for single papers either on the first occasion or for resit purposes.

All components are externally assessed.

Weighting
Component

AS Level

Paper 1 Multiple Choice 1 hour 15 minutes
This paper consists of 40 multiple choice questions, all with four options. All

questions will be based on the AS Level syllabus content. Candidates will 31% 15.5%
answer all questions.

Candidates will answer on an answer sheet. [40 marks]

Paper 2 AS Level Structured Questions 1 hour 15 minutes
This paper consists of a variable number of questions of variable mark value. All
questions will be based on the AS Level syllabus content. Candidates will 46% 23%
answer all questions.

Candidates will answer on the question paper. [60 marks]

Paper 3 Advanced Practical Skills 2 hours

This paper requires candidates to carry out practical work in timed conditions.
The paper will consist of two experiments drawn from different areas of physics.
The experiments may be based on physics not included in the syllabus content, 23% 11.5%
but candidates will be assessed on their practical skills rather than their
knowledge of theory. Candidates will answer both questions.

Candidates will answer on the question paper. [40 marks]

Paper 4 A Level Structured Questions 2 hours

This paper consists of a variable number of questions of variable mark value. All
questions will be based on the A Level syllabus but may require knowledge of
material first encountered in the AS Level syllabus. Candidates will answer all
questions.

- 38.5%

Candidates will answer on the question paper. [100 marks]

6 Cambridge International AS and A Level Physics 9702



Assessment at a glance

\
Weighting
Component

AS Level A Level

Paper 5 Planning, Analysis and Evaluation 1 hour 15 minutes

This paper consists of two questions of equal mark value based on the practical
skills of planning, analysis and evaluation. The context of the questions may be
outside the syllabus content, but candidates will be assessed on their practical - 11.5%
skills of planning, analysis and evaluation rather than their knowledge of theory.
Candidates will answer both questions.

Candidates will answer on the question paper. [30 marks]

Teachers are reminded that the latest syllabus is available on our public website at www.cie.org.uk and
Teacher Support at https://teachers.cie.org.uk

Cambridge International AS and A Level Physics 9702 7
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Paper 4 — A Level Structured Questions

Paper 4 — A Level Structured Questions

Question 1

Example candidate response — high

Examiner comments

1

A binary star consists of two stars A and B that orbit one another, as illustrated in Fig. 1.1.

2.8x10%km

: do :

1/ 1

star A ! star B
mass M, P mass Mg

'
1

. !

e ay

d

Fig. 1.1

The stars are i cucular orbits with the centres of both orbits at point P, a distance d from the
——
centre of star A.

(@) (i) Explain why the centripetal force acting on both stars has th Q ‘magnitude.
Decause... the.. opmpetnd. ol s, .o, % Sl
8 2,
pmuel&ot E . 3?&%@(0»@@ \7{2@ he=. GeX¥E.. ’“’w&"

= e &), dCY T anguller:. w&@ﬁ(f w..endl. 5}% jﬂ 2]

Stoys ouR 'tﬁa, soue. So the fg
(i) The B_Sngggf the orbit of the stars about pomt 4 Oyedrs.
Calculate the angular speed w of the stars. Sonee . 9
_ I o7
= =
T 4xabsx2%4 xsboo
= 4- 9% x 10"~ }’a,ols" e

B ereenns 438?"0% ........... rads~! [2]

o The candidate clearly
states what provides
the centripetal force in
this system of two
stars.

Mark for (a) (i) = 2/2

9 An equation is
provided linking the
two forces and the
candidate explains why
the two forces are the
same.

e A correct calculation is
performed with the
candidate clearly
showing how the
period T is converted
from years to seconds.

Mark for (a) (i) = 2/2

Cambridge International AS and A Level Physics 9702




Paper 4 — A Level Structured Questions

Example candidate response — high, continued

Examiner comments

(b) The n of the centres of the stars is 2.8 x108km.

The Massof star A is M,. The mass of star Bis M.~

The ratio MA— is 3.0.
Mg

(i) Determine the distance d.

cw, T, Fe o.,\,e,'t&?/ Sowu 76)’ A and B
Mayfol = Me p (2.8 x108-d). o

Ma _ axiod-d -
Me ol -
ool P 7.0)(107 fam,
TS oo Zoxiel .k

(ii) Use your answers in (a)(ii) and (b)(i) to determine the mass Mj of star B.
Explain your working.

potA-Eol Lieabt]

ddE - .dg,_
—%=3 M:ﬁ‘ M A =23MB
A My - B:&,&wloﬁ e
&1.
-1 ?)MB — = ] B2 9. D,B,X
beteo™ x G ey = (4 %xi0™®) x(lz;;‘_
Mb= 2. T2 xw”‘; &} Jyio?)

e The candidate uses the
fact that the centripetal
force on the two stars
is the same and
performs a correct
calculation.

Mark for (b) (i) = 3/3

6 A correct starting
equation is provided
and correct distance
values in metres
inserted. However, the
candidate has made an
arithmetical error, as
the correct answer
should be
2.04 x 10%%kg.

Mark for (b) (i) = 2/3

Total marks awarded =
9 out of 10

How the candidate could have improved their answer
(b) (i) The candidate needed to make a correct calculation here.
Mark awarded = (a) (i) 2/2, (ii) 2/2
Mark awarded = (b) (i) 3/3, (ii) 2/3

Total marks awarded = 9 out of 10

Cambridge International AS and A Level Physics 9702




Paper 4 — A Level Structured Questions

10

Example candidate response — middle

Examiner comments

1 Abinary star consists of two stars A and B that orbit one another, as illustrated in Fig. 1.1.

< 2.8x10%km
| Ao :
[ ]
star A T | star B
mass M, , P mass Mg
W i NS
]
I T
i !
1 I oy 2
= ’ reA D
W‘}_{? PNVISE
. A
Fig. 1.1
9 Cc, = N\
The stars are in circular orbits with the centres of both orbits at point P, a distance d from the
ceritre of star A.
(a) (i) Explain why the centripetal force acting on both stars has the same magnitude. 0

(i) The period of the orbit of the stars about point P is 4.0years.

Calculate the angular speed w of the stars.

= lhagyis® @

~9
o= ..2:9% %9 rads~' [2]

o There is no reference
to gravity in this
answer.

Mark for (a) (i) = 0/2

9 A correct answer with a
clear conversion of
years into seconds.

Mark for (a) (i) = 2/2

Cambridge International AS and A Level Physics 9702




Paper 4 — A Level Structured Questions

Example candidate response — middle, continued Examiner comments

(b) The separation of the centres of the stars is 2.8x 108km.
The mass of star A is M. The mass of star B is .

M
The ratio—2 is 3.0.
ralio A i

B8 Fe. vﬁ@%@,

{i) Determine the distance d.
, &
tAand x O M&"‘\Q‘%%‘O%“ o) 0%,
e %
- & v

Ma xda?z (9.Bxto - )P

™M =
® 2 6 A correct answer using
Brds & BRI0 -0 (3) the values provided.

2l o dh 2 OBxle?

_ = d= .eoxlel gy | Markfor (6) (i) =3/3
Troxkla K
(i) Use your answers in (a)(ii) and (b)(i) to determine the mass Mj of star B. Q The candidate makes a
Explain your werking. —"é”_ common error here,
- - {otd ¢2on sing the same
~— 2 Ve & using
ez W distance for both the
5 L G radius of the orbit of
Ar.udt = ﬁgf sy ( o star B and the distance
&T*Q}/o_{ ) % (e NS %-J 2 _ (&6611xt0 ) M@_} between the two stars.

X ndilice 0 %
5
Erree ")@ ) (5) @ This candidate also

2602.71 :
- : 8 incorrectly cancels the
Ma _ g 2000 2.6 x 107 Y distances.
= R-"1% |
)|V S~ Ll 108+ 7y, > SRR GRS SR el kg [3]
e o Mark for (b) (ii) = 0/3
5 [Total: 1Q]
9:6x167) Mg 2T
= Total marks awarded =

5 out of 10

How the candidate could have improved their answer
(a) (i) Some reference to gravitational forces was required here.

(b) (ii) The candidate needed to insert the correct distance between the two stars for the gravitational force
and understand the basic mathematics required to simplify the equations.

Mark awarded = (a) (i) 0/2, (ii) 2/2,
Mark awarded = (b) (i) 3/3, (ii) 0/3

Total marks awarded 5 out of 10

Cambridge International AS and A Level Physics 9702 11



Paper 4 — A Level Structured Questions

12

Example candidate response — low

Examiner comments

1 Abinary star consists of two stars A and B that orbit one another, as illustrated in Fig. 1.1.

- 2.8x108km

| o :

1,/ !

star A | star B
mass M, P mass My

H
: ]

i I w'

d

Fig. 1.1

The stars are in circular orbits with the centres of both orbits at point P, a distance d from the
centre of star A.

(a) (i) Explain why the centripetal force acting on both stars has the same magnitude.

—\RL‘/L'FQTC,M .............. e Lath....Skasa....ane.. Q... o
of Jorepl
M&-R%M&Rsaw&hh .......................
Sgdn At et Kovie. aad . ... ke .. O AL s 2]
Conier = Qe«-ﬁye—a 2o one. K e mw
(ii) The period of the orbit of the stars about point P is 4.0years.  thaiwm, uvadsida ase
Calculate the angular speed w of the stars. = ’
w = JQJT
s T= UrBEERMRE X60
= 2)T = L 26 M4000 s
126 144000
T 4.q%x10 (2]
= 5.0 x\b" 3
B e saaeBiol gl Yo rads™! [2]

o There is no reference
to gravity in this
answer. The forces
involved are not torque
forces.

Mark for (a) (i) = 0/2

9 A correct answer with a
clear conversion from
years to seconds. The
candidate also
correctly rounds the
answer to two
significant figures.

Mark for (a) (ii) = 2/2

Cambridge International AS and A Level Physics 9702




Paper 4 — A Level Structured Questions

Example candidate response — low, continued Examiner comments

{b) The separation of the centres of the stars is 2.8x 108km.
The mass of star A is M,. The mass of star Bis M.

. M,
The ratlo-—nils 3.0. e No marks are awarded
for this section as the
(i) Determine the distance d. candidate has not
5 ¢ ™ made use of the fact
W = W) that the centripetal
x '4/ O\.‘i::l‘ = Txd forces on the two stars
k“\"‘ ' are the same.
% '%55 3 olazg awd)’ Mark for (b) (i) = 0/3
EA_E‘_ - Mo o @ The candidate inserts
‘\1 ¥ = il F for the force on star
Mﬁ = —Z—_‘: d= b8 KM [3] B and has not related
(ii) Useyour anse\’rvers inf(a)(ii) and (b)(i) to determine the mass M of star B. this to the grawta_ltlonal
Explain your working. force. The equation for

the centripetal force

j‘ /t just uses a mass m,
(Q%ﬁ (A%ﬁ Ko and in a correct
"52 W/ solution Mg needs to

be linked to the correct

YAl F f’"“"’F" radius and similarly My
- e . s @W to the correct radius.
wiy (4] Mark for (b) (i) = 0/3
= = Ei_&*'kg [3] Total marks awarded =
/{_,51 ot 10 2 out of 10

How the candidate could have improved their answer

The candidate required a better understanding of Newton’s law of gravitation and its application to rotating
stars.

(a) (i) Here, there was no reference to gravitational forces.

(b) (i) Required the candidate to realise that the centripetal forces on the two stars are the same.

(b) (ii) The candidate needed to use their answers to (a) (ii) and (b) (i), as stated in the question.

Mark awarded = (a) (i) 0/2, (ii) 2/2
Mark awarded = (b) (i) 0/3, (ii) 0/3

Total marks awarded = 2 out of 10

Common mistakes candidates made in this question

(a) (i) Many candidates did not link the forces on the rotating system of the stars to gravitational forces.

(a) (ii) A common error was to perform an incorrect calculation from years into seconds. Working with 360
days in a year was a common error, along with using 60 rather than 3600 seconds in an hour.

(b) (i) The common error in this section was to simply link the mass of star A or B to the incorrect radius of
rotation.

(b) (ii) A very common error in this section was to use Kepler’s law, assuming that one star was at the centre
of a rotating system.

Cambridge International AS and A Level Physics 9702 13



Paper 4 — A Level Structured Questions

Question 4

Example candidate response — high

Examiner comments

Fig. 4.1

(a) The vibrator is switched off.

3
9

ylem 2
1 y Yy
0
)2 10
o, : t/s
Yy
-2 3
-3 4

Fig. 4.2
For the vibrations of the block, calculate

(i) the angular frequency w,

Co= 3N i 2R

10-3

4 A metal block hangs vertically from one end of a spring. The other end of the spfing is tied to a
thread that passes over & pulley and'is attached to a vibrator, as shown in Fig. 4.1.

The metal block of mass 1209 is displaced vertically and then released. The variation with
time ¢ of the displacement y of the block from its equilibrium position is shown in Fig. 4.2.

rads~t [2]

o The candidate starts
with the correct
equation and correctly
reads the period from
the graph as 0.6
seconds. They then
perform a correct
calculation obtaining a
correct answer to three
significant figures. An
answer to two
significant figures of 10
also scores the marks.

Mark for (a) (i) = 2/2

14 Cambridge International AS and A Level Physics 9702




Paper 4 — A Level Structured Questions

Example candidate response — high, continued

Examiner comments

(ii) the energy of the vibrations.

2
E \/grm (v 7T =7
1 2 o 2
5 ™ (%) 7(0

g
% 120x163x (10.47) (2x10 £

n

vl

=
3
—3

2. LXIx (0

energy =

(b) The vibrator is now switched on.

The frequency of vibration is varied from 0.7fto 1.3f where fis the frequency of vibration of
the block in (a).

For the block, complete Fig. 4.3 to show the variation with frequency of the amplitude of
vibration. Label this line A. (2]

A
amplitude [T EumumsSwumaRmua
H A O
i NN
] el . : 8
- N f
)
5" 1A uE
T i 1
i aa \“{ il o
LEW IREEEERY Y
T l NI
_: H TN
0 T T I i
0.7f f 1.3f
frequency

Fig.4.3
(c) Some light feathers are now attached to the block in (b) to increase air resistance.

The frequency of vibration is once again varied from 0.7f to 1.3f. The new amplitude of
vibration is measured for each frequency.

On Fig. 4.3, draw a line to show the variation with frequency of the amplitude of vibration.
Label this line B. [2]

[Total: 9]

9 A correct starting
equation is provided
and then correct
substitutions for the
various terms are
shown, leading to a
correct solution.

Mark for (a) (ii) = 2/2

e The candidate has
drawn a clear line
which has the correct
shape and a peak at f.
One mark is not
awarded because the
line does not start at
0.7fnor finish at 1.3f.

Mark for (b) = 2/3

0 The candidate has
drawn a second line,
labelled B, which is
correctly below A along
all its length with a
maximum at f.

Mark for (c) = 2/2

Total marks awarded =
8 out of 9

How the candidate could have improved their answer

(b) The candidate needed to draw graph lines clearly starting from 0.7fto 1.3f, as required in the question, to

gain full marks.

Mark awarded = (a) (i) 2/2, (ii) 2/2
Mark awarded = (b) 2/3

Mark awarded = (c) 2/2

Total marks awarded = 8 out of 9

Cambridge International AS and A Level Physics 9702
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Paper 4 — A Level Structured Questions

Example candidate response — middle Examiner comments

4 A metal block hangs vertically from one end of a spring. The other end of the spring.is tied to a
thread that passes over a pulley and is attached to a vibrator, as shown in Fig. 4.1.

vibrator

v ';ollg. 4.1

(a) The vibrator is switched off.
The metal block of mass 1209 is displaced vertically and then released. The variation with
time £ of the displacement y of the block from its equilibrium position is shown in Fig. 4.2.

5 — N ploS Lok
ylem 2
1 £
0
( 0.2 ).6 g 1.0
- t/s
-2 s
: THT : Y ronlw?
-3 < ¢
Fig. 4.2
For the vibrations of the block, calculate
(i) the angular frequency w, = \/ 0« 2 £= 1+ 67 g,
W2 =2 D -
R'F = le. S
o A correct answer to
three significant figures
o is given here.
e o5 rads 2] Mark for (a) (i) = 2/2

16 Cambridge International AS and A Level Physics 9702



Paper 4 — A Level Structured Questions

Example candidate response — middle, continued

Examiner comments

(i)

the energy of the vibrations.

Vo f L2 s A

energy =
(b) The vibrator is now switched on.

The frequency of vibration is varied from 0.7f to 1.3f where fis the frequency of vibration of
the block in (a). 7

For the block, complete Fig. 4.3 to show the variation with frequency of the amplitude of
vibration. Label this line A. [3]

A

amplitude ‘ M

EEERENIP-aF RN, SNy veams
LT 1B 0" 81 (2 P SNBSS aR R . £ ¢
H .o I Gl | 41 PNl T
0,-,,;. I O :.A_‘;_,..“A-.. o
0.7f f 1.3f
frequency
Fig. 4.3

(c) Some light feathers are now attached to the block in (b) to increase air resistance.

The frequency of vibration is once again varied from 0.7f to 1.3f. The new amplitude of
vibration is measured for each frequency.

On Fig. 4.3, draw a line to show the variation with frequency of the amplitude of vibration.
Label this line B. [2]

[Total: 9]

9 A correct answer to
three significant figures
is given here.

Mark for (a) (ii) = 2/2

e The shape of graph
line A is not correct, so
the answer is not
awarded the shape
mark. The peak is at f
to within half a square
but the graph goes
down to zero at 0.7f. A
correct resonance
curve always has a
positive value even
down to zero
frequency.

Mark for (b) = 1/3

0 Curve B should always
be below curve A but
the two lines touch at
0.7fso no marks are
awarded for line B.

Mark for (c) = 0/2

Total marks awarded =
5 out of 9

How the candidate could have improved their answer

(b) & (c) The graph lines needed to be drawn with the correct overall general shape. The major error on both
graphs occurred at low frequencies when both lines reached zero amplitude at 0.7f. Line B should always be

below Line A.

Mark awarded = (a) (i) 2/2 (ii) 2/2
Mark awarded = (b) 1/3

Mark awarded = (c) 0/2

Total marks awarded = 5 out of 9

Cambridge International AS and A Level Physics 9702
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Paper 4 — A Level Structured Questions

Example candidate response — low Examiner comments

4 A metal block hangs vertically from one end of a spring. The other end of the spring is tied to a
thread that passes over a.pulley and is attached {o a vibrator, as shown in Fig. 4.1.

vibrator

Fig. 4.1

(a) The vibrator is switched off.
The metal block of mass 120g is displaced vertically and then released. The variation with
time t of the displacement y of the block from its equillbrium position is shown in Fig. 4.2.

3
ylem 2 3
1 > 7
0
0 2 \ 1.0
- s
-2
-3

Fig.4.2
For the vibrations of the block, calculate

(i) the angular frequency w,

: <
2\51 =5+ = 2K,
o.L
w (1) @ A correct answer
gaining full marks.
i 47 10. 47 rads! [2] Mark for (a) (i) = 2/2

18 Cambridge International AS and A Level Physics 9702



Paper 4 — A Level Structured Questions

Example candidate response — low, continued

Examiner comments

(b)

(c)

(ii) the energy of the vibrations.

3 xmxed ®

ks
= A xoux fe.u)
>
ceserwa b = 658

energy = ... X N J [2]
The vibrator is now switched on.

The frequency of vibration is varied from 0.7fto 1.3f where fis the frequency of vibration of
the block in (a).

For the block, complete Fig. 4.3 to show the variation with frequency of the amplitude of
vibration. Label this line A. [3]

4

amplitude

0.7¢ f 1.3f
frequency

Fig. 4.3
Some light feathers are now attached to the block in (b) to increase air resistance.

The frequency of vibration is once again varied from 0.7f to 1.3f The new amplitude of
vibration is measured for each frequency.

On Fig. 4.3, draw a line to show the variation with frequency of the amplitude of vibration.
Label this line B. [2]

[Total: 9]

9 The candidate starts
with an incorrect
physics equation.

Mark for (a) (ii) = 0/2

e Only one line is
labelled, which would
be acceptable and the
candidate could gain
the mark for the second
as it is assumed to be
line A. This line is
incorrect as it is the
wrong shape and the
peak is not at f. (Note,
the second line is very
faint, starting at 0, with
five peaks under line
B)

Mark for (b) = 0/3
Mark for (c) = 0/2

Total marks awarded =
2outof 9

How the candidate could have improved their answer

(a) (ii) This answer started with an incorrect physics equation and an amplitude term was missing.

The candidate needed a better understanding of the shape of resonance graphs to obtain marks in this
section.

Mark awarded = (a) (i) 2/2, (ii) 0/2
Mark awarded = (b) 0/3
Mark awarded = (c) 0/2

Total marks awarded = 2 out of 9
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Common mistakes candidates made in this question

(a) (i) The majority of candidates were able to perform this calculation correctly, although many misread the
graph.

(a) (ii) The majority of candidates started with the correct equation, although the most common error was to
not convert the mass of the block to kg or the amplitude to metres.

(b) Candidates often did not draw a curve covering the range 0.7fto 1.3f, as requested by the question.
Many curves started or ended with an amplitude of zero.

(c) Many candidates were not awarded marks in this section because their line B touched line A at some

point. The examiner needed to see a clear space between the two curves. Some candidates drew A and B
lines which were straight rather than curves.
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Question 6

Example candidate response — high

Examiner comments

6 (a) By reference to electric field lines, explain why, for points outside an isolated spherical
conductor, the charge on the sphere may be considered to act as a point charge at its centre.

o S I § VTG N WS 5 V. S FET IS C XY S TR Secey O
1‘ mdm.ﬂ.ha cand.meatd. L oaee ks ok
ok 0. Mhe....condane. ot g Apheat. T b %;mci ......

lm&b@mw W@%ﬂme&mw u..u«mh Js et ... 2]
{b) Two usolated protons are separated ina vacuum byadlstancex W .:h_,.:BF-h Y

(i} Calculate the ratio

electric force between the two protons
gravitational force batween the two protons

-8 W8 Q.6, (\ Lox 0™ )
‘-lnEgr"- “TLEo z*+
oo v L e tTxw™ x (LeTrw?

s, Y r

A 256x\W77
_ 256k

T |- 36y \o~e"

-1l 18

2osiue By qus 0¥ atio = e 1243038 5
2. 0B x W™ \

(if) By reference to your answer in (i), suggest why gravitational forces are not considered
when calculating the force betwesn charged particles. G'M?

| - Wmhmg.k ..... ‘%mrMo.xsa rﬁﬁmﬂm e
. Y. ’&cm.‘u; ...... ot C"h.wxs%g.A L\m“ba‘ 1:3}[11

[Total: 6]

0 The candidate is
awarded the first mark
for stating that the field
lines spread out
radially. The candidate
then writes incorrectly
about the field lines
meeting at the centre.
To be awarded the
second mark, they
needed to say that the
field lines appeared to
meet at the centre.

Mark for (a) = 1/2

9 Two correct equations
with correct numerical
values, followed by a
correct calculation to
greater than two
significant figures, so
this answer is awarded
full marks.

Mark for (b) (i) = 3/3

e The candidate refers to
the answer in (b) (i) to
explain correctly why
the gravitational forces
can be ignored.

Mark for (b) (ii) = 1/1

Total marks awarded =
5 out of 6

How the candidate could have improved their answer

(a) The candidate needed to realise that there are no field lines inside a spherical conductor and so should

have considered the shape of the field lines outside the sphere.

Mark awarded = (a) 1/2
Mark awarded = (b) (i) 3/3, (ii) 1/1

Total marks awarded = 5 out of 6
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Example candidate response — middle

Examiner comments

6 (a) By reference to electric field lines, explain why, for points: outside an isolated spherical
conductor, the charge on the sphere may be considered to act as a point charge at its centre.

Q (k. fplmml (rdustoy (m?; .ot ad_hoe T 1A
tind dog, e g . Yt P, e . Fud g S K.

(b) Two isolated protons are separated in a vacuum by a distance x.

(i) Calculate the ratio Qb . MM

electric force between the two protons - 4ngoy * 7’
gravitational force between the two protons =
(10 bt (Fere0T)”
Aldap®) X" ¥ (2]

(Ibxig) " 1
i B (R (T

s 134 =07t (28

-4 xIO“'

ratio = .. e [3]

(i) By reference to your answer in (i), suggest why gravitational forces are not considered
when calculating the force between charged particles.

0T el e o et o g v i b{y ...... (3 Y

[Total: 6]

o The candidate makes
no reference to the
properties of field lines
outside a spherical
conductor and the
answer is based on the
forces on charges.

Mark for (a) = 0/2

9 A correct calculation
with the values
substituted in the
equations clearly seen.

Mark for (b) (i) = 3/3

e A correct answer to
this part of the question
with a clear
comparison between
the two forces in a
reference to the large
ratio. ‘Too small’ is
accepted as a measure
of the size of the ratio.

Mark for (b) (ii) = 1/1

Total marks awarded =
4 out of 6

How the candidate could have improved their answer

(a) The candidate needed to refer to the field lines, as required by the question.
Mark awarded = (a) 0/2

Mark awarded = (b) (i) 3/3, (ii) 1/1

Total marks awarded = 4 out of 6
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Example candidate response — low Examiner comments

& (a) By reference to electric field lines, explain why, for points outside .an isolated spherical

) The initial statement is
conductor, the charge on the sphere may be considered to act as a point charge at its centre. o

E\féck&a%ef\e\hwe.sﬁm\»%e.Pq*ﬁ\qvé\é.ceg%.an.o
BUIE NS S SN XYL N P ST EI0 S RSP OSSP T, CL TV

(b) Two isolated protons arc separated in a vacuum by a distance x.
(i) Calculate the ratio

electric force between the two protons
gravitational force between the two protons

kQ8, oMM, 9

-

it

partially correct when
considering field lines.
There is no mention of
the direction of the field
lines outside the
conductor.

Mark for (a) = 0/2

9 The initial equations for

the ratio are correct
and the candidate
makes a correct
substitution for the
electric force. The
substitution for the

X e
B a, gra\{lta_tlonal force has
-\5;?_— % C—f—:— a missing power of 2
v followed by an
= b‘_;/g_ % Cboe™ L%X@‘& arithmetical error.
e =
é»e?x\bﬂ‘xict-&’?f\odﬁ LR Mark for (b) (i) = 1/3
FAHO 2= vere B eseser s ssense e [3] e This follows on

correctly from the
answer to (b) (i), but
the question states that

(ii) By reference to your answer in (i), suggest why gravitational forces are not considered
when calculating the force between charged particles.

WS Alemssk Mg St cSivse L e et eedesn el the gravitational forces
are ignored so the
R BRI e 9 ............................. 1] answer contradicts
this.
{Total: 6]

Mark for (b) (i) = 0/1

Total marks awarded =
1 out of 6

How the candidate could have improved their answer

(a) The candidate referred to the field lines here. However, the examiner expected to see some reference to
the shape of the field lines which implies that the charge appears to be at the centre.

(b) (i) The candidate started with the correct equations and squared the electric charge. Rather than
squaring the mass in the gravity calculation, however, the candidate replaced m squared with 2 x m. There
was also a power of 10 error in the calculation of the electric force.

(b) (ii) This question should have alerted the candidate to the fact that the ratio of 1 calculated in (b) (i) was
not correct.

Mark awarded = (a) 0/2

Mark awarded = (b) (i) 1/3, (ii) 0/1

Total marks awarded = 1 out of 6

Cambridge International AS and A Level Physics 9702 23



Paper 4 — A Level Structured Questions

24

Common mistakes candidates made in this question

(a) Very few candidates referred to the field lines outside the conductor and many candidates wrote about
the field lines meeting at the centre. Since there are no field lines in a spherical conductor, they can only
appear to meet at the centre.

(b) (i) A number of candidates who started with the correct equations inserted 2 x e for e or 2 x mfor the
mass of the proton squared. The other common error was to insert 1.66 rather than 1.67 for the mass of the
proton.

(b) (ii) Omitting to make a comparison between the gravitational force and the electric force was a common
error. Many candidates simply stated that the gravitational force was small or was small because the mass of
the proton was small. The question required an answer based on the answer to (b) (i), implying some
comparison between the two forces.
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Question 12

Example candidate response — high

Examiner comments

12 High-energy electrons collide with a metal target, producing X-ray photons.
The variation with wavelength of the intensity of the X-ray beam is illustrated in Fig. 12.1,

f |

intensity

-

wavslength

Fig. 12.1

(a) Explain why there is

.hm..‘.ax..m..,m.ﬂo.ﬁ ...... ufrmimmm;mmrgtdmvdzrgm
.ﬂx;:m...m..mmﬁ...,.@mﬁwx!d....Jg.....cmmu..‘pﬁﬂﬁm%..rtmagtm..
..................................................................................................................................... 3]

(i) asharp cut-off at short wavelength,

Wﬂmtwkrﬂfh _Qeleltvodon 11 @{«&ﬁ

...........................................................................................................................................

(2]

(ifi) a series of peaks superimposed on the continuous distribution of wavelengths.

R txcifon..o...ome... ek in. ot .. gos... ... Joing
@MQMUMWWW ............................................................................ ]

(b) Inthe X-ray imaging of body structures, longer wavelength photons are frequently filtered out
of the X-ray beam.

(i) State how this filtering is achieved.

P(mmalwv&mmmmmﬂbmm
1]

o

(ii} Suggest The reason for this ﬁltenn
& fo. 1ot g mle@-th: mm@a}mmm b
170(14 ............................................................................................................................ 1]

(5]

o This answer is
awarded the final two
marks for saying that
there are a range of
accelerations leading
to a range of
wavelengths.

Mark for (a) (i) = 2/3

9 Candidates needed to
explain that in one
collision all the energy
of the electron is given
to one photon. While
the candidate’s
statement is correct in
general, there is no
mention of one photon
or one collision.

Mark for (a) (ii) = 0/2

e A correct answer
making reference to
the de-excitation atoms
in the target.

Mark for (a) (iii) = 1/1

0 A correct answer.
Aluminium sheet or foil
would also have been
acceptable.

Mark for (b) (i) = 1/1

6 A correct answer
making reference to
the X-rays absorbed in
the aluminium, not in
the body.

Mark for (b) (ii) = 1/1

Total marks awarded =
5 out of 8
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How the candidate could have improved their answer

(a) (i) Here the candidate needed to introduce their answer by explaining the basic process of x-ray
production, where whenever electrons/charged particles are accelerated or are stopped, this produces
photons of electromagnetic radiation, i.e. X-ray photons are produced.

(a) (ii) The idea of a single electron decelerating producing a single photon was missing in the answer.
Mark awarded = (a) (i) 2/3

Mark awarded = (a) (ii) 0/2

Mark awarded = (a) (iii) 1/1

Mark awarded = (b) (i) 1/1

Mark awarded = (b) (ii) 1/1

Total marks awarded = 5 out of 8
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Example candidate response — middle

Examiner comments

12 High-energy electrons collide with a metal target, producing X-ray photons.
The variation with wavelength of the intensity of the X-ray beam is illustrated in Fig. 12.1.
A

intensity

0 —

wavelength

Fig. 12.1

(a) Explain why there is

U\Mnlu-\ w\mmeluﬂ‘s‘*
CEE Y st [1]

(b) In the X-ray imaging of body structures, longer wavelength photons are frequently filtered out
of the X-ray beam.

(i) State how this filtering is achieved.

o q\ o M b o -

(ii) Suggest the reason for this filtering.

[Total: 8]

o A correct answer, just
missing a statement
about the basic
process taking place
when X-rays are
produced. Two marks
are awarded for the
range of accelerations
giving rise to a range of
wavelengths.

Mark for (a) (i) = 2/3

9 This answer almost
gains the first mark. All
it needs is a statement
that all the energy is
given to a single
photon. There is also
no mention of a single
collision.

Mark for (a) (ii) = 0/2

e The candidate needed
to talk about the de-
excitation of atoms in
the target. The use of
the word transitions
would imply excitation.

Mark for (a) (iii) = 0/1

O Aluminium filter is a
correct answer.

Mark for (b) (i) = 1/1

6 Although the candidate
does not state explicitly
that long wavelength
X-rays are absorbed in
the body, mentioning
an increased dose and
not contributing to the
image gains the mark.

Mark for (b) (ii) = 1/1

Total marks awarded =
4 out of 8
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How the candidate could have improved their answer
(a) (i) The candidate just needed to explain the basic process of X-ray production to gain full marks here.

(a) (ii) The examiner needed to see some reference to all the energy of a single electron being given to one
photon in a single collision.

(a) (iii) The candidate wrote about transitions in the metal but it was not clear that de-excitation is taking
place; transition could be excitation.

Mark awarded = (a) (i) 2/3
Mark awarded = (a) (ii) 0/2
Mark awarded = (a) (iii) 0/1
Mark awarded = (b) (i) 1/1
Mark awarded = (b) (ii) 1/1

Total marks awarded = 4 out of 8
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Example candidate response — low Examiner comments
12 High-energy electrons collide with a metal target, producing X-ray photons.
The variation with wavelength of the ihtensity of the X-ray beam is illustrated in Fig. 12.1.
A
intensity
0 -
wavelength
Fig. 12.1
(a) Explain why there is o This e.mswer do.es not
explain the basic
(i) a continuous distribution of wavelengths, process of X-ray
Eleckrons... nove...vacaus... velowhves. ... . ‘e’lr:gt‘:g;'g’;réhat
1 i:\\a\f'\woxv‘&lmg%XV‘O\\;V)P—Q‘*’SQV’&&W—"D\"WQM@ accelerated in the
anode.
B2V E<, Lo RO W
e oo e s 3] Mark for (a) (i) = 0/3
(i) a sharp cut-off at short wavelength, 9 There is no mention of
. Elesheong. mould. hove . on...energy. valde electrons producing
amore. Yan.. one.seeci B valug . (thresheld es. photons.
P N S @ | Markfor (a) (i) = 0/2
(ili) a series of peaks superimposed on the continuous distribution of wavelengths.
Whea.....o...Senes. . of. elechnog. Wt dne oostal... o
p This is the first time the
Aargt...gnd. P mo. Hacn. one._photen. K. word photon is
QU odre A k .
(b) Inthe X~%vi\rr\1-\a;§/i% of bodyﬁs‘trué‘tﬁ%s, longgl}‘v&g/glenbgdﬂw photo%%%que%ﬁg'gggut mer‘t'qnec_j but there is
of the X-ray beam. no indication that the
e photons are due to
(i) State how this filtering is achieved. transitions in the metal
....... \%Hku.pm e dhin o Alusnbm L Shee anode.
.......... ‘O fih\}(’cr“omiﬁi andl. . beown. [1] Mark for (a) (iii) = 0/1
(ii) Suggest the reason for this filtering.
e dosorks. Wnigh.. movelenbith X2y besens
ek woudd e absovled by An | body Mark for (b) = 2/2
cnd not aeatibube b A km&a( ) ot &
[Totak 6] Total marks awarded =
2outof 8
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How the candidate could have improved their answer

(a) (i) & (ii) There was no mention of photons being produced here. The candidate needed to explain the
basic process of X-ray production to gain marks in these two sections. When the candidate wrote about the
electrons having a range of energies, it was not clear that the range of energies is prior to hitting the anode
or in the anode.

(a) (iii) This was the first time the word photon was mentioned but unfortunately the answer did not include
any reference to the photons being produced by electron transitions in the anode.

Mark awarded = (a) (i) 0/3
Mark awarded = (a) (ii) 0/2
Mark awarded = (a) (iii) 0/1
Mark awarded = (b) (i) 1/1
Mark awarded = (b) (ii) 1/1

Total marks awarded = 2 out of 8

Common mistakes candidates made in this question

(a) (i) Many candidates wrote about electrons having a range of energies or accelerations prior to hitting the
target, when in practice they all have the same energy. On many occasions answers did not make it clear
where the accelerations were taking place. Very few candidates mentioned the accelerations giving rise to
photons.

(a) (if) Many candidates read the words ‘cut-off at short wavelength’ in the question and wrote about the
photoelectric effect and X-ray photons emitting electrons from the target.

(a) (iii) Candidates who wrote in general about the line spectra being due to electron transitions often did not
mention that the transitions were in atoms in the target.

(b) (i) A common error was to write about the use of lead grids for filtering.
(b) (ii) Many candidates stated that the long wavelength X-rays were less penetrating, whereas the important
factor about shielding is that the long wavelength X-rays are absorbed by the body and hence do not

contribute to the image. They are therefore removed so that they do not increase the radiation dose of the
patient.
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Question 13

Example candidate response — high

Examiner comments

13 (a) Explain what is meant by gamma radiation (y-radiation).

o TMemsssxonoP&Qmma ..... porbicter. fom ...

(b) A source of gamma radiativn is ptaced a fixed distance away from a detector and counter, as
illustrated in Fig. 13.1.

to counter

detector
\\

lead sheet
X I/
shielding\\u/ source

Fig. 13.1

A sheet of lead of thickness x is placed between the source and the detector.

The average count rate C, corrected for background, is recorded. This is repeated for different
values of x.

The variation with thickness x of In C is shown in Fig. 13.2.

- MN
C= (,e

—pan
/th;@v\ Co‘-a/

PnC = -Mn + ba C

o The candidate first
needs to state what
gamma radiation is, i.e.
photons of
electromagnetic
radiation. The second
mark is for stating the
origin of the radiation.
Neither of the two
available marks can be
awarded for this
answer.

Mark for (a) = 0/2
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Example candidate response — high, continued

Examiner comments

In(C/s™)

4.00 5 U L S S O I U O O

3.75 HEEEEEE

3.50

3.004+=

5 80 I B S B MR RN AR mE B EEEE i
S 8 NN EEEENREEEE MRS R EEE i B SR NN RN N

Fig. 13.2 e 2

The absorption of gamma radiation in lead may be represented by the equation
/'7

A

5 eEll
C = Cye

its
where C, is the count rate for x = 0 and u is the linear attenuation (absorption) coefficient.

Use Fig. 13.2 to determine the linear attenuation coefficient u for this gamma radiation in lead.

C: e me Bl 1O
—um
In C = An (Coe ) 2l o

- = ~ 0. 05833

TaC ey )
.OV\C‘—"/UTI +/e|n(0

e mn + C gigon
ezé:é mm—1 [4]

P e RS e e < AN O
‘—/U = gwad:'(nt-

(c) The value of u calculated in (b) is for gamma radiation in lead.

Suggest and explain whether the value of u for aluminium would be the same, greater or
smaller.

Areuatvn.......coeffeeend waald. be..soaalev
b Plumnitss.. ol de aRsorphon of ,b,\} Al
..... . Moo Aoan....of Lead. e [2]

[Total: 8]

9 The candidate has
drawn a suitable graph
although the slope is a
little shallow.

9 The candidate
measures the gradient
obtaining an answer a
little lower than the
correct answer for i
due to the shallow
slope of the graph. The
answer is to be given
in units of mm™" so0 no
scale conversion is
required as the x-axis
is in mm.

Mark for (b) = 3/4

0 Candidates need to
realise that the
absorption in
aluminium is less than
lead so that ¢ would be
smaller. In order to
answer this question, a
comparison between
the absorption in lead
and aluminium is
required as a starting
point. This candidate
scores both marks.

Mark for (c) = 2/2

Total marks awarded =
5 out of 8
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How the candidate could have improved their answer

(a) The candidate needed to explain the term in italics by stating that gamma rays are electromagnetic
waves produced in the nucleus of an atom.

(b) The candidate needed to draw a straight line using all the points. The graph was a little shallow and a
more carefully drawn straight line would have produced a better answer closer to the expected value 0.061.

Mark awarded = (a) 0/2
Mark awarded = (b) 3/4
Mark awarded = (c) 2/2

Total marks awarded = 5 out of 8
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Example candidate response — middle

Examiner comments

13 (a) Explain what is meant by gamma radiation (y-radiation).

........................

o s V %N%\;WV% Mqumﬂ,_ ...............
Aedeaned... MLV% e dm.m.ﬁ, ..... s% At waCROBA......... 2]

{b) A source of gamma radiation is placed a fixed distance away from a detector and counter, as

lllustrated in Fig. 13.1,
ﬁ//w counter

detector
\

l lead sheet
shielding . source
! .1

Fig. 13.1

A sheet of lead of thickness x is placed between the source and the detector.

The average count rate C, corrected for background, is recorded. This is repeated for different
values of x.

The variation with thickness x of In Cis shown in Fig. 13.2.

0 A correct answer
scores both marks.

Mark for (a) = 2/2
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Example candidate response — middle, continued

Examiner comments

4.00

1 4% 4+

e =

S ) NN NS AN SR RN

375

In(C/s™)

3.50 +——

3.26 S

3.004

275 e

Fig. 13.2
The absorption of gamma radiation in lead may be represented by the equation
C = Cye™
where C, is the count rate for x = 0 and u is the linear attenuation (absorption) coefficient.

Use Fig. 13.2 to determine the linear attenuation coefficient u for this gamma radiation in lead.

(3]

G e 3.855 | x=0

Cs 3.7 , A = 3.

-v(3
30 - 3a5cne Y

G Sy v e~

g
—0-84| o tj(3) /] S O H8A. 5T X10 mm™' [4]

. © « 0\
e =436 O0.0137 , L37x157

(c) The value of u calculated in (b) is for gamma, radiation in lead.

Suggest and explain whether the value of x for aluminium would be the same, greater or
smaller.

[Total: 8]

16

9 Like many others, this
candidate has not
drawn a line through
the points.

9 Like many others, this
candidate inserts
values from the graph,
not realising that the y
axis is In C and not C.

Mark for (b) = 0/4

0 There is a comparison
between lead and
aluminium here so the
answer scores full
marks.

Mark for (c) = 2/2

Total marks awarded =
4 out of 8

How the candidate could have improved their answer

(b) The candidate needed to draw a suitable straight line through the points and then convert the equation

into a form matching the straight line graph drawn.

Mark awarded = (a) 2/2
Mark awarded = (b) 0/4
Mark awarded = (c) 2/2

Total marks awarded = 4 out of 8
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Example candidate response — low

Examiner comments

13 (a) Explain what is meant by gamma radiation (y-radiation).

...,...E'..\.!.E.Ek!:bt{.\:ﬁs&\ﬁ;.,—_....m\!g&.....ﬁ»&i‘k\ﬁé.\......&ﬂm...D..;...M.Q&QH.MQ......_..........
.= VY (= S ! 0

...... T .

{b) A source of gamma radiation is placed a fixed distance away from a detector and counter, as

illustrated in Fig. 13.1.
/[\//to counter

detector
\

l lead sheet
X T 1/
shieldingW source

Fig. 13.1

A sheet of lead of thickness x is placed between the source and the detector.

The average count rate C, corrected for background, is recorded. This is repeated for different
values of x,

The variation with thickness x of In Cis shown in Fig. 13.2.

0 This answer scores the
first mark for
recognising that
gamma rays are
electromagnetic
waves, but does not
gain the origin mark.

Mark for (a) = 1/2
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Example candidate response — low, continued Examiner comments

4.00

3.7 HH

In(C/s™)

9 A mark is awarded for

3.50 HEHH
a suitable straight line.

3,00 HEEHHEEHHHEH

Xx/mm

Fig. 13.2

The absorption of gamma radiation in lead may be represented by the equation

9= Gyet © The candidate
where G, is the count rate for x= 0 and u is the linear attenuation (absorption) coefficient. understands that the
slope of the graph is

Use Fig. 13.2 to determine the linear attenuation coefficient u for this gamma radiation in lead. required here, but then

obtains an answer to
O e 2o (3,90 € 350 (3} one significant figure.
\w € o= -Mxt G e e The candidate is not
v l \ g awarded the significant
d=s- W oxags Sy iele s figure mark or the
oS e -o.§¢ = =00 b k
O -3 = accuracy mark.
-s.ob=-M
4000 b o bl et | Mark for (b) =214

(c) The value of u calculated in (b) is for gamma radiation in lead.

Suggest and explain whether the value of y for aluminium would be the same, greater or 0 A typical answer in

s ’ which there is no
T I N T NV e RO L ST SRET W U TV B SO S U comparison with lead

- “ as required by the
USRS RS SV . YCSICT COUSUPS. SO R EUR QR C O €1\ WS question.

2% NSy B @ nen. . For ST telues. ot R Stase. @bwivm 2] | Mark for (c) = 0/2
Cenll S oty Hasde moatly,
Bt o o [Total: 8]

Total marks awarded =
3 outof 8
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How the candidate could have improved their answer

(b) The candidate should have used the whole of the graph to measure the slope and obtain an answer to at
least two significant figures.

(c) The candidate should have realised that a comparison between the absorption in lead and aluminium

was required for the answer.

Mark awarded = (a) 1/2
Mark awarded = (b) 2/4
Mark awarded = (c) 0/2

Total marks awarded = 3 out of 8

Common mistakes candidates made in this question
(a) The origin of the gamma rays was often missing from candidates’ answers.

(b) Many candidates did not draw a line on the graph but just used two points from the graph and then
inserted them into the equation. The answer they obtained then depended upon the two points chosen.
Many candidates drew a straight line graph then ignored the graph and used two of the points given. Some
candidates, having drawn a straight line graph, did not use the whole graph to estimate the slope. Many
candidates did not realise that the y axis is plotted as In C and not C and substituted In C values directly into
the equation given in the text.

(c) A comparison of aluminium and lead was often missing here.
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