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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. 



Physics A PA01 - AQA GCE Mark Scheme 2008 January series 
 

4 

 
PA01 Particles, Radiation and Quantum Phenomena 
 

Question 1   

8 protons ! (i) 

10 neutrons ! 

same number of protons and different number of neutrons ! 

(a) 

(ii) 

(or same atomic number and different mass number) 

3 

9 × 1.6 × 10-19/18 × 1.67 × 10-27 ! (i) 

4.79 × 107
 (C kg-1) ! 

either show calculation 8 × 1.6 × 10-19/18 × 1.67 × 19-27  
(= 4.26 × 107

 C kg-1)  

(b) 

(ii) 

or compare 9/18 with 8/18 ! 

3 

 Total 6 
 

Question 2   

the minimum energy ! (a) 

required to remove an electron from (the surface of) the metal ! 
2 

f (= c / λ) = 3.00 × 108/1.5 × 10-7 ! (= 2.00 × 1015
 Hz) 

φ (= hf � Ek) = 6.63 × 10-34 × 2.00 × 1015 - 1.2 × 10-19 ! 

(i) 

(= 1.2 × 10-18
 J) 

fo (=φ / h) = 1.2 × 10-18/6.6 × 10-34 ! 

(b) 

(ii) 

= 1.82 × 1015
 Hz ! 

4 

the maximum kinetic energy depends on the energy/frequency of 
the incident radiation ! 

maximum kinetic energy remains unchanged ! 

doubling the intensity doubles the number of photons per second ! 

which doubles the number of photoelectrons per second ! 

(c) 

as one photon interacts with one electron ! 

max 4 

 Total 10 
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Question 3   

(i) (any vector boson) W+, W- or Z0 ! (a) 

(ii) eV  !! (with wrong subscript !) 
3 

 
 
 
 
 
 
 
 
 

 

lepton side correct ! 

W boson correct ! 

(b) 

baryon side correct ! 

3 

(i) annihilation ! 

two ! 

(c) 

(ii) 

high energy/γ photons ! 

3 

(d) duu  ! 1 

 Total 10 
 

Question 4   

the angle of incidence at the more dense - less dense boundary ! 

producing an angle of refraction of 90° ! 

(i) 

(or definitions in terms of minimum or maximum angles of 
incidence for TIR or refraction) 

use of sin θc = 1/n ! 

(a) 

(ii) 

θ (= sin-1 1/1.54) = 40.5° ! 

4 

ray P showing TIR ! 

ray Q showing refraction at 90° ! 

(b) 

ray R showing correct refraction ! 

3 

 

n  n 

 p 

Ve Ve 

e�  e�  
  W�  W+ 

  p 
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ray would leave the core 

bending away from the normal 

increase in critical angle 

(i) 

reference to light speed increase any two points !! 

to protect the core 

or to prevent leakage of light 

(ii) 

or to prevent cross-talk ! 

1n2 = sin θ1/sin θ2 = n2/n1 ! 

θc = sin-1 (1.46/1.54) ! 

(c) 

(iii) 

θc = 71.5° ! 

6 

 Total 13 
 

Question 5   

(i) an electron is removed from an atom (making it a positive ion) ! 

(ii) heat, photon impact, internal conversion or ionising radiation ! 

(a) 

(iii) (-) 4.6 × 10-18/1.60 × 10-19 = (-) 29 (eV) ! ((-) 28.8 eV) 

3 

(i) B and C ! 

(nothing) the photon would not be absorbed ! 

(or Compton scattering) 

(b) 

(ii) 

photons may lose all their energy but cannot lose part of their 
energy ! 

3 

(use of ΔE = hf and f = c/λ) 

λ = hc/ΔE ! 

the maximum wavelength is emitted in a transition from D to C  
(can come from substitution in the formula) or 

reference to smallest energy gap ! 

(c) 

λ = 6.6 × 10-34 × 3.00 × 108/(2.1-1.9) × 10-18 = 9.9 × 10-7
 m ! 

3 

 Total 9 
 
Quality of Written Communication: Q2 (c) and/or Q4 (c) (i)  2 

 




