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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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PA01 Particles, Radiation and Quantum Phenomena 
 

Question 1   

neutrons (= 55 � 26) = 29 ! (a) 

electrons = 26 protons = 26 ! 
2 

charge = 26 × 1.6 × 10-19 ! 

mass = 55 × 1.67 × 10-27 ! 

(b) 

charge/mass = 4.5 × 107
 C kg-1 ! 

3 

a = 55 ! (c) 

b = 27 ! 
2 

 Total 7 
 

Question 2   

(a) qqq (or qqq ) ! 1 

meson ! (b) 

qq ! 
2 

(c) neutral pion or πº ! 1 

(d) proton ! 1 

as strangeness is not conserved ! (e) 

or weak link interaction is the only interaction that changes the 
type of quark ! 

1 

 Total 6 
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Question 3   

photons have definite wavelengths/line spectra/frequency ! 

so photons have discrete energies ! 

photons are emitted when electrons/atoms move down from one 
level to another ! 

(a) 

the energy gaps between energy levels are fixed ! 

max 3 

E4 = � 1.4 × 10-19 (J) ! 

use of hf  = E1 � E2 ! 

(i) 

hf = (- 1.4 × 10-19 - - 5.5 × 10-19) = 4.1 × 10-19 J !  

(f = 4.1 × 10-19/6.6 × 10-34) 

(b) 

(ii) 

= 6.2 × 1014 Hz ! [possible CE from (i)] 

4 

(c) 6 ! 1 

 Total 8 
 

Question 4   

(i) (otherwise) α particles may be absorbed/so α particles can 
penetrate the foil !  
α particles must only be scattered once ! 

to have definite location where the scattering takes place ! 

(a) 

(ii) 

so the scattering angle can be determined accurately ! 

max 3  

backscattering/scattering angles greater than 90º ! (b) 

occurs because α particles must collide with a target (much) more 
massive then themselves ! 

2 

top ray �  showing at least 10º deflection upwards ! 

middle ray �  approaches closer than about 1 cm but not 
touching nucleus and is backscattered ! 

(c) 

bottom ray �  smooth curve deflected downwards at an angle 
greater than the top ray is deflected upwards ! 

3 

 Total 8 
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Question 5   

minimum energy ! (a) 

required to remove an electron from a metal ! 
2 

(using E = hf and c = f λ) 

λ = hc/E ! 

= 6.6 × 10-34 × 3.0 × 108/7.9 × 10-19 ! 

(i) 

= 2.5 × 10-7 m ! 

(use of hf = φ + Ek)  (ii) 

φ = (7.9 × 10-19 � 4.2 × 10-19) ! = 3.7 × 10-19 (J) ! 

φ = 3.7 × 10-19/1.6 × 10-19 

(b) 

(iii) 

= 2.3 (eV) ! [possible CE from (ii)] 

6 

the number of photoelectrons emitted per second will be 
increased ! 

as the number of incident photons per second is increased ! 

but the maximum kinetic energy of the photoelectrons will remain 
constant ! 

(c) 

a photon gives up all its energy in one collision ! 

max 3  

 Total 11 
 

Question 6   

the angle to the normal inside the material ! 

which results in 90º refraction in air ! 

(a) 

(definitions in terms of limits of TIR or limits of refraction are also 
allowed) 

2 

use of n = 1 / sin θc (i) 

θc (= sin-1 1 / 1.6) = 39º ! 

TIR on hypotenuse and angles drawn equal ! (ii) 

refraction on top surface ! 

use of 1n2 = sin θ1 / sin θ2 and 1n2 = n2 / n1 ! 

n2 = 1.6 × sin 60 / sin 90 ! 

(b) 

(iii) 

= 1.4 ! 

6 

 Total 8 
 

Quality of Written Communication: Q3 (a) and/or Q5 (c)  2 
 




