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Question Expected response 
Max 
mark 

Additional guidance 

7. (a) (i) To ensure the (accelerating) force on 
the hydrogen ion is in the same 
direction. 
 
OR  
 
To ensure the hydrogen ions 
accelerate in the same direction. 
 
OR 
 
To ensure that the direction of the 
electric field is correct when the 
hydrogen ions pass across the gaps. 

1 Response must make some 
implication of ‘same direction’. 

  (ii) As the speed of hydrogen ions 
increases, they travel further in the 
same time.  

1 Accept:  
So that the hydrogen ions are at the 
ends of the tubes when the field 
changes polarity. 
OR 
So that a constant frequency AC 
supply can be used. 

 (b) 
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3 Accept: 10, 11·3, 11·26 
 
Alternative substitutions: 
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 (c) (i) A (composite) particle made of a 
quark-antiquark pair. 

1 Do not accept: made of two quarks 

  (ii) Into the page 1  

 (d) (i) W boson 
 
OR  
 
Z boson 

1  

  (ii) 4·20 GeV = 4∙20 × 109 × 1·60 × 10-19 

 (1) 
 
E mc= 2   (1) 
( ) ( )8 29 194 ·20 10 1 1 60 10 3 00 0m− =      

 (1) 
277·47 10  kgm −=    (1) 

4 Accept: 7·5, 7·467, 7·4667 
 
 
Relationship anywhere 1 mark.  

  



   

Q7(a)(i) Maximum mark: 1  
 Response A Marks 
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Q7(a)(ii) Maximum mark: 1  
 Response A Marks 
 

 

 

 

 Response B  
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Q7(b) Maximum mark: 3  
 Response A Marks 
 

 

 

 

  
Response B  
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Question Candidate 
response 

Max 
mark 

Mark 
awarded 

Commentary 
 

C 1 0 The candidate’s explanation is not 
sufficiently precise.  

     
6(a)(i) 

 
 

A 3 1 The candidate has implied the selection of 
an appropriate relationship ( E hf∆ = ). 
However, as the candidate has not shown 
all substituted values (no value for h) and 
given an incorrect final answer, correct 
substitution into E hf∆ =  cannot be implied 
by the incorrect final answer. 

B 3 3 The candidate has selected an appropriate 
relationship, correctly substituted values (it 
is assumed that the two negative signs 
applied to 5.45 × 10-19 have been 
‘cancelled’) and given an acceptable final 
answer. 

     
6(b) 

 
 

A 3 2 The candidate has selected an appropriate 
relationship and has correctly substituted 
values. The final answer, however, is 
incorrect (0.01503 rather than 0.01500). 

     
6(c) A 2 1 The candidate has implied, but not 

specifically used the term ‘Expanding 
Universe’ and so is awarded the first mark 
referenced in the marking instructions but 
not the second. 

B 2 1 Again, this candidate has implied, but not 
specifically used the term ‘Expanding 
Universe’ and so is awarded the first mark 
referenced in the marking instructions but 
not the second. 

C 2 0 The candidate has not sufficiently explained 
that redshift implies galaxies moving away 
from each other.  

     
7(a)(i) 

 
 

A 1 0 The candidate’s explanation is insufficient 
for the mark to be awarded. The statement 
‘in a straight line’ is not an acceptable 
alternative for ‘in the same direction’. 

B 1 1 The use of ‘repelled’ in the candidate’s 
explanation implies that, without an 
alternating supply voltage, the force on the 
hydrogen ion would not be in the same 
direction. 

     
7(a)(ii) 

 
 

A 1 1 The candidate’s suggestion is an 
acceptable alternative to ‘they travel further 
in the same time’. 

B 1 0 The candidate’s suggestion is incorrect. 
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Question Candidate 
response 

Max 
mark 

Mark 
awarded 

Commentary 
 

7(b) 
 
 

A 3 1 The candidate has selected an appropriate 
relationship but has not correctly substituted 
values ( . 20 5c rather than ( . )20 5c ). 

B 3 2 The candidate has selected appropriate 
relationships and has correctly substituted 
values. The candidate has given the final 
answer to an unacceptable number of 
significant figures (sig figs), (correct final 
answer to 2 sig figs, acceptable final 
answers to 1, 3 or 4 sig figs). 

     
8(a) 

 
 

A 1 1 The candidate has given an acceptable 
alternative explanation. Although ‘work 
function’ is not specifically mentioned, the 
process is satisfactorily described. 

     
8(b)(ii) 

 
 

A 2 1 The candidate has selected an appropriate 
relationship and has correctly substituted 
values. Although the candidate has stated 
the given final answer, the penultimate line 
is an incorrect final answer, which has not 
been scored out.  

     
9(a)(i) 

 
 

A 2 1 The candidate has correctly substituted 
values but rounding of the intermediate 
calculation has resulted in an unacceptable 
final answer. 

B 2 1 The candidate has correctly substituted 
values but has given the final answer 
rounded to an unacceptable number of 
significant figures (correct final answer to 3 
sig figs, acceptable final answers to 2, 4 or 
5 sig figs). 

     
9(a)(ii) 

 
 

A 1 1 The candidate’s explanation implies that the 
unbalanced force in the sideways direction 
is 0 N. 

     
9(b)(i) 

 
 

A 5 2 The candidate has selected an appropriate 
first relationship but has incorrectly 
substituted values (1.42 × 10-5 rather than  
1.24 × 10-5).  
The mark allocated for the selection of an 
appropriate second relationship can be 
awarded. 

     
9(b)(ii) 

 
 

A 3 2 The candidate has substituted values of I
and d  and correctly calculated the four 
values of 2I d× .  

Higher Physics Question paper 2021-22 (Revised March 2023) Commentary

SQA | www.understandingstandards.org.uk 5 of 8


