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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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GCE Physics, Specification A, 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 2 3 4 5 6 7 8 9 10 11 12 13 14 15  
A B B A D A C D B C D C B A C 

 

 
Section B 
 

Question 1   

(a) red ! 1 

(use of 3λ = d sinθ) gives d = 
°

×× −

62sin 
104103 9

 ! 

= 1.39 × 10-6
 (m) ! 

(i) 

number of rulings per metre 61039.1
11

−×
=⎟

⎠
⎞

⎜
⎝
⎛=
d

 ! (= 7.19 × 105
 m-1) 

2 × 680 × 10-9 = 1.39 × 10-6 sinθ ! 

(b) 

(ii) 

gives θ = 78(.1)° ! 

5 

1 white zero beam ! 

2 other orders that have θblue < θred ! 

3 all spectral colours between red and blue present ! 

4 greater spread in second order than in first order (or orders/images 
become closer together nearer to centre) ! 

5 symmetrical spacing either side of zero order ! 

6 second and third orders overlap ! 

7 second order less intense than first (or intensity of orders/images 
increases closer to centre) ! 

(c) 

8 no third order is formed for λ = 680 nm ! 

max 4 

 Total 10 
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Question 2   

C = 
V
Q  ! 

Q = charge stored by (one plate of) capacitor where 

V = pd across capacitor ! 

(a) 

[or C = charge required to increase pd by 1 V !!] 

2 

ΔW = V ΔQ explained ! 

work done (or energy stored) = area under graph (or calculated by 
reference to mean V) ! 

(b) 

∴ energy stored = work done (= ½ Q V) ! 

3 

(i) 

45
100.9 

6−×=⎟
⎠
⎞

⎜
⎝
⎛=
V
QC  ! = 2.0 × 10-7

 F (0.20 μF) ! 

E ( )
7

262

100.22
100.3

2 −

−

××
×=⎟⎟

⎠

⎞
⎜
⎜
⎝

⎛
=
C
Q  ! = 2.25 × 10-5

 J (23 μJ) ! 

[or E (= ½ C V2) = ½ × 2.0 × 10-7 × 152 ! = 2.25 × 10-5
 J ! 

(c) 

(ii) 

or E (= ½ Q V) = ½ × 3.0 × 10-6 × 15 ! = 2.25 × 10-5
 J !] 

 

 Total 9 
 

Question 3   

gradient ⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛ ×=
6000

109.5 8
 = 9.83 × 104

 (m s-2/3) ! 
(i) 

(for 9.83 allow 9.7 to 10.0) 

cube root of equation is 3/2
3/1

2π4
TGMR ⎟

⎠
⎞

⎜
⎝
⎛=  

(or equation predicts R ∝ T2/3) ! 

(ii) 

R ∝ T2/3 confirmed by graph as a straight line through (0, 0) (or a line of 
constant gradient through (0, 0)) ! 

use of gradient of graph as 
3/1

2π4
⎟
⎠
⎞

⎜
⎝
⎛GM  or ⎟

⎠
⎞

⎜
⎝
⎛

3/2T
R  ! 

3/1

2π4
⎟
⎠
⎞

⎜
⎝
⎛GM  = 9.83 × 104 gives ⎟

⎠
⎞

⎜
⎝
⎛

2π4
GM  = 9.50 × 1014

 (m3
 s-2) ! 

(a) 

(iii) 

mass of Saturn M = 11-

214

106.67
π41050.9

×
××  = 5.62 × 1026

 kg ! 

6 
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similarity: 

graph would also be a straight line (through (0, 0) because R ∝ T2/3  
(or R3 ∝ T2) always applies to any satellite ! 

difference: 

(b) 

gradient would be larger because mass of Sun > mass of Saturn ! 

2 

 Total 8 
 

Question 4   

radial straight lines ! 

symmetrical in all directions ! 

directed inwards towards charge ! 

(i) 

(marks could be taken from diagram) 

(a) 

(ii) line, labelled L, which is a circular arc (or a complete circle) centred on 
charge ! 

4 

( )2312

9

2
0 10401085.8π4

1080.0
π4

 
−−

−

××××

×=⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
=

r
QE
ε

 ! 
(i) 

= 4.50 × 103 (V m-1) ! 

point marked at (40, 4.5) ! 

curve of decreasing gradient ! 

(b) 

(ii) 

correct E ∝ (1/r2) relationship shown by line drawn ! 

5 

 Total 9 
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Question 5   

Δm = (mass of separate nucleons) � (mass of nucleus) ! 

EB = energy which must be supplied in order to break up nucleus into 
separate nucleons (or energy which is given out when a nucleus is formed 
from separate nucleons) ! 

(a) 

related by EB = (Δm)c2 (where c = speed of light in vacuo) ! 

3 

mass of Fe56
26  nucleus = 55.93493 � (26 × 0.00055) = 55.92063 (u) ! 

mass difference Δm = (26 × 1.00728) + (30 × 1.00867) � 55.92063 ! 

(= 0.52875 u) 

binding energy EB = 0.52875 × 931.3 = 492 (MeV) ! 

= 492 × 106 × 1.60 × 10-19 = 7.87 × 10-11
 (J) ! 

[alternative for final two marks: 

Δm = 0.52875 × 1.661 × 10-27 = 8.78 × 10-28
 kg ! 

(b) 

EB (=(Δm)c2) = 8.78 × 10-28 × (3.00 × 108)2 = 7.90 × 10-11
 (J) !] 

4 

 Total 7 
 
Quality of Written Communication Q1 (c) and/or Q5 (a) 2 

 


