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Instructions to Examiners 

 
1 Give due credit to alternative treatments which are correct.  Give marks for what is 
 correct; do not deduct marks because the attempt falls short of some ideal answer. 
 Where marks are to be deducted for particular errors specific instructions are given in 
 the marking scheme. 
 
2 Do not deduct marks for poor written communication.  Refer the script to the Awards 
 meeting if poor presentation forbids a proper assessment.  In each paper candidates 
 may be awarded up to two marks for the Quality of Written Communication in cases of 
 required explanation or description.  Use the following criteria to award marks: 
 
 2 marks: Candidates write legibly with accurate spelling, grammar and punctuation; 
   the answer containing information that bears some relevance to the 
   question and being organised clearly and coherently.  The vocabulary 
   should be appropriate to the topic being examined. 
 
 1 mark: Candidates write with reasonably accurate spelling, grammar and  
   punctuation; the answer containing some information that bears some 
   relevance to the question and being reasonably well organised.  Some of 
   the vocabulary should be appropriate to the topic being examined. 
 
 0 marks: Candidates who fail to reach the threshold for the award of one mark. 
 
3 An arithmetical error in an answer should be marked AE thus causing the  candidate to 
 lose one mark.  The candidate�s incorrect value should be carried through all 
 subsequent calculations for the question and, if there are no subsequent errors, the 
 candidate can score all remaining marks (indicated by ticks).  These subsequent ticks 
 should be marked CE (consequential error). 
 
4 With regard to incorrect use of significant figures, normally two, three or four 
 significant figures will be acceptable.  Exceptions to this rule occur if the data in the 
 question is given to, for example, five significant figures as in values of wavelength or 
 frequency in questions dealing with the Doppler effect, or in atomic data.  In these cases 
 up to two further significant figures will be acceptable.  The maximum penalty for an 
 error in significant figures is one mark per paper.  When the penalty is imposed, 
 indicate the error in the script by SF and, in addition, write SF opposite the mark for that 
 question on the front cover of the paper to obviate imposing the penalty more than once 
 per paper. 
 
5 No penalties should be imposed for incorrect or omitted units at intermediate stages in a 
 calculation or which are contained in brackets in the marking scheme.  Penalties for unit 
 errors (incorrect or omitted units) are imposed only  at the stage when the final answer to 
 a calculation is considered.  The maximum penalty is one mark per question. 
 
6 All other procedures, including the entering of marks, transferring marks to the front 
 cover and referrals of scripts (other than those mentioned above) will be clarified at the 
 standardising meeting of examiners. 
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PA04 Waves, Fields and Nuclear Energy 
 
Section A 
 
This component is an objective test for which the following list indicates the correct answers 
used in marking the candidates� responses. 
 
 Keys to Objective Test Questions  

 1 
D 

2
B 

3 
C 

4 
B 

5
A 

6
C 

7
B 

8
C 

9
D 

10
C 

11
A 

12
C 

13 
D 

14 
B 

15 
A 

 

 
Section B 
 

Question 1   

two progressive waves travelling in opposite directions ! 

 e.g. forward wave and its reflection 

waves have same frequency or wavelength ! 

and same or similar amplitudes ! 

 

(i) 

max 2 

(a) 

(ii) length of string = n × (λ/2) ! 

3 

(i) 
30
72=⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
=

f
cλ  = 2.4 m ! 

P  Q ! 
(ii) 

[or accept top or bottom half of this sketch] 

(b) 

(iii) same amplitude and frequency ! 
phase difference of 180° or π rad ! 

4 

 Total 7 
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Question 2   

appropriate resistor values suggested e.g. 0.5 MΩ to 10 MΩ ! 

max 2 from 

require time constant ≈ overall timing period ! 

suitable overall timing period indicated e.g. 30 s to 5 min  
or suitable value for time constant indicated e.g. 15 s to 5 min ! 

suitable timing interval indicated e.g. 5 s to 20 s ! 

(a) 

justification by calculation e.g. 60s/30 μF ≈ 2.0 MΩ ! 

3 

(i) ln V0 = 2.15 ! ∴ V0 = e2.15 = 8.6 V ! 

gradient = � (1/RC) ! = (-) 
50

00.115.2 −  = (-) 0.0230 (s-1) ! 

time constant = 43(.5) s ! 

[or when t = T, V = V0e-1 (= 3.16 V) ! 

ln V = 1n 3.16 = 1.15 ! 

from graph, when ln V = 1.15, T = 43.5 s !] 

[or when t = 50 s, ln V = V0 � (t/RC) gives 

 1.00 = 2.15 � (50/RC) ! 

(ii) 

∴ (50/RC) = 1.15 ! and RC = (50/1.15) = 43.5 s !] 

(b) 

(iii) 
C = 

31091
5.43

×
 = 480 (477) μF ! 

max 5 

 Total 8 
 

Question 3   

force is perpendicular to initial velocity 
or acts in opposite direction to direction of electric field ! 

initial velocity component is maintained ! 

electron is accelerated in perpendicular direction ! 

(i) 

parabolic path ! 

force is in opposite direction to initial velocity ! 

electron decelerated ! 

(a) 

(ii) 

direction of motion may eventually be reversed ! 

max 5 
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(i) 

E ⎟
⎠
⎞

⎜
⎝
⎛

d
V  = 

31044
110

−×
 = 2500 V m-1 (or N C-1) ! 

(ii) F (= EQ) 2500 × 1.6 × 10-19 = 4.0 × 10-16
 N ! 

Ek gained (= Ep lost) = eV ! 

 = 1.6 × 10-19 × 110 = 1.7(6) × 10-17
 (J) ! 

[or Ek gained = Fd ! 

 = 4.0 × 10-16 × 44 × 10-3 = 1.7(6) × 10-17
 (J) !] 

[or use of F = ma and v2 = u2 + 2as gives 

a = 4.39 × 1014
 (m s-2) and v2 = 3.86 × 1013

 (m2
 s-2) ! 

Ek gained = ½ mv2 = ½ × 9.11 × 10-31 × 3.86 × 1013 

(b) 

(iii) 

 = 1.7(6) × 10-13
 J !] 

4 

 Total 9 
 

Question 4   

V = 
rπε

Q
04

 and Ep = eV ! 

gives Ep ⎟
⎠

⎞
⎜
⎝

⎛
rπε

e
0

2

4
 = 

1512

219

100.21085.84
)106.1(

−−

−

××××
×

π
 ! 

(i) 

 (= 1.15 × 10-13
 J) 

2 × ½ mv2 = 1.15 × 10-13 ! 

(a) 

(ii) 

gives v2 = 
27

13

1067.12
1015.1

−

−

××
×  ! ∴ v = 5.8(7) × 106

 m s-1 ! 

5 

Δm = 2 × (2.01355) � (3.01550 + 1.00728) ! (= 4.32 × 10-3
 u) 

E = 4.32 × 10-3 × 931.3 = 4.02 (MeV) ! 

(i) 

 = 4.02 × 106 × 1.6 × 10-19 = 6.4(4) × 10-13
 J ! 

energy per unit mass = 
27

13

1067.14
1044.6

−

−

××
×  

 = 9.6(4) × 1013
 (J kg-1) ! 

(b) 

(ii) 

[denominator may be 2 × 2.014 × 1.66 × 10-27] 

4 

supply of fuel is almost unlimited (deuterium from sea water) ! 

fewer waste or radioactivity or environmental problems ! 

(c) 

energy released per unit mass is (generally) greater ! 

max 2 

 Total 11 
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Question 5   

2r
GMm  = mω2r (or = 

r
mv 2

) ! 

correct application of T = 
ω
π2  (or v = 

T
rπ2 ) !  

(gives 
2r

GMm  = 
2

24
T

mrπ  and T 
2 = 

GM
rπ 324 ) 

(a) 

in which m has cancelled or does not appear in expression ! 

3 

(i) 
ω ⎟

⎠
⎞

⎜
⎝
⎛=

T
π2  = 

36002415.7
2

××
π  = 1.0(2) × 10-5 (rad) s-1 ! 

(ii) ω2r (1.02 × 10-5)2 × 1.07 × 109 = 0.11(1) m s-2 ! 

centripetal acceleration = g (or α = 
2r

GM ) ! 

M ⎟
⎠
⎞

⎜
⎝
⎛=

G
gr 2

 = 
11

9

1067.6
)1007.1(111.0 2

−×
××  ! = 1.9(1) × 1027

 kg ! 

[or use of T 

2 = 
GM

rπ 324  with T = 6.18 × 105
 s ! 

gives M = 
2

324
GT

rπ  = ( )
( )2511

392

1018.61067.6
1007.14

×××
××

−

π  ! 

(b) 

(iii) 

 = 1.9(0) × 1027
 kg !] 

max 5 

 Total 8 
 
Quality of Written Communication: Q3 (a) and/or Q2 (a)  2 

 




