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Subject-specific Instructions

In numerical problems, the marks for the intermediate steps shown in the mark scheme are for the 
benefit of candidates who do not obtain the final correct answer. A correct answer and unit, if obtained 
from a valid starting-point, gets full credit, even if all the intermediate steps are not shown. It is not 
necessary to quote correct units for intermediate numerical quantities.

Note that this “correct answer” rule does not apply for formal proofs and derivations, which must be valid 
in all stages to obtain full credit.

Do not reward wrong physics. No credit is given for consistent substitution of numerical data, or 
subsequent arithmetic, in a physically incorrect equation. However, answers to later parts of questions 
that are consistent with an earlier incorrect numerical answer, and are based on physically correct 
equation, must gain full credit. Designate this by writing ECF (Error Carried Forward) by your text marks.

The normal penalty for an arithmetical and/or unit error is to lose the mark(s) for the answer/unit line. 
Substitution errors lose both the substitution and answer marks, but 10n errors (e.g. writing 550 nm as 
550 3 10–6 m) count only as arithmetical slips and lose the answer mark.
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AVAILABLE 
MARKS

1 (a) (i) (Newton’s) Law of (Universal) Gravitation [1] 
   Kepler’s 3rd Law [1] [2]

  (ii) F = mr2 or r
mv2

 [1] 

   = T
2r or v = T

2 rr  [1] 

   Correct manipulation to answer [1] [3]
  
 (b) (i) Substitution into equation [1] 
   1.12 × 1031 kg [1] [2]
   (SE T in hours = 1.45 × 1038 [1] out of [2])  
  
  (ii) Uses × 3 with m [1] 
   Uses ÷ 4 with r [1] 
   7.36 (Nkg–1)  [1] [3] 10
   SE: 14.7     2/3

2 (a) Suitable equation to fi nd base units of F, e.g. V
Q , or correct 

  equation with f0    [1] 
  Correct base units in equation (ecf from equation) [1] 
  A2s4kg–1m–3  [1] [3]
  
 (b) (i) Gravitational fi eld (strength) is (much) weaker [1] 
   Field directions are opposite/g fi elds can cause attractive 
   F only, E fi elds attractive/repulsive forces [1] [2]
  
  (ii) Fall as

r
1
2  or radial fi eld/obey inverse square law 

   (accept infi nite range)  [1]
  
 (c) (i) Force is proportional to the product of the charges 
   (or to each charge) [1] 
   Inversely proportional to the square of the distance 
   between the charges/separation [1] [2]
   accept equation with all terms defi ned

  (ii) Correct subs into 
r

F kq q
2

1 2=
 [1] 

   2.16 × 10–6 (N) [1] [2] 10
   10n penalise once only

3 (a) Charging circuit with no resistance [1] 
  Discharge circuit with resistance [1] 
  Ammeter in discharge circuit [1] [3]

 (b) (i) Stepped up   [1]
   Changed to d.c.   [1] [2]
  
  (ii) E = 2

1 CV2 or Q = CV and 2
1 QV or 2

1Q
C

2
 [1] 

   Correct subs  [1] 
   400J  [1] [3]
  
  (iii) Initial current = 40A or calc V when I = 2A or Q when I = 2A [1]
   Time constant = 4 ms [1]
   I = 0.37nI0    or discharge equation [1]
   Time = 12 ms  [1] [4] 12
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AVAILABLE 
MARKS

4 (a) (i) Force on wire caused by current fl owing in B fi eld [1] 
   Force up on wire [1] 
   Equal and opposite force down on magnet   [1] [3]
  
   alternative:
   – current causes a magnetic fi eld around wire
   – the 2 fi elds interact
   – force down from magnet

  (ii) Polarity correct (LH terminal positive) – both symbols needed  [1]

 (b) Correct points  [1] 

  mass xg  [1]

  F = BIl  [1] 

  Gradient = g
Bl  subs [1] 

  B correct from their gradient (0.7mT)  [1] [5]
 
 (c) (i) Shorter wire   [1]

  (ii) (Safety) – heating  [1] 11

5 (a) Rate of change in magnetic fl ux (density) is proportional to the 
  induced EMF   [1]
  
 (b) A = 3.22 × 10–3 m2 [1] 
  equation  [1] 
  subs B, t values correct  [1] 
  V = 0.13 (V) (ecf for A or incorrect B or t)  [1] [4]
  no ecf for B value (1 point)

 (c) (i) Increase rate of changing B/t/change current more rapidly   [1] 
   
  (ii) Increase current/change polarity of supply  [1]
  
 (d) (i) I N

I N
s s

p p=      I 50
0.025(245)

s =  Eqn or subs [1]

   Is = 0.123 (A) Alternative P = IV, P = I2R [1] [2]
  
  (ii) Psec = (0.113)2 (20) = 0.26 (W) [1]
   Pprim = (0.025) (12) = 0.30 (W) [1]
   Effi ciency equation = [1]
   Effi ciency = 0.85 (ecf from wrongly calculated P values) [1] [4] 13
  

6 (a) Heated cathode/fi lament [1] 
  Accelerated by anode [1] [2]
  
 (b) (i) Timebase on – Sine/Cosine curve [1] 
   Timebase off – vertical line [1] [2]
  
  (ii) Frequency/period/nature of variation  [1] 5
   (not symbols)
   wavelength [–1]
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AVAILABLE 
MARKS

7 Comparison:  
 Both have vacuum
 Acceleration caused by electric fi elds/acceleration happens across gap  
 High frequency alternating pd used
 Synchronised acceleration/same time in electrodes
  
 Contrast:  
 Straight path/circular path/tubes and Dees/tubular and semicircular  
 Linear – no magnets  
 Electrodes are used repeatedly in cyclotron
 Relative size
 2 comparisons, 2 contrasts 1 mark each  [4]  
 
 Quality of written communication  

 2 marks
 The candidate expresses ideas clearly and fl uently, through well-linked 
 sentences and paragraphs. Arguments are generally relevant and well 
 structured. There are few errors of grammar, punctuation and spelling.

 1 mark
 The candidate expresses ideas clearly, if not always fl uently. There are 
 some errors in grammar, punctuation and spelling, but not such as to 
 suggest weakness in these areas.

 0 marks
 The candidate expresses ideas satisfactorily, but without precision. 
 Arguments may be of doubtful relevance or obscurely presented. Errors  
 in grammar, punctuation and spelling are suffi ciently intrusive to disrupt 
 the understanding of the passage.  [2] 6

8 (a) (i) Same mass but opposite charge/spin as particle  [1]
  
  (ii) Positron   [1]
  
  (iii) Annihilation   [1]
  
 (b) E of photon = 2.39 × 10–13 [1] 

  E of particles = 1.64 × 10–13 or E of 1 particle = 8.19 × 10–14 [1] 

  ke = 2
7.52 10 3.76 10 J

–14
–14=#

# (ecf their E values) [1] [3]
  No credit for KE = 2

1 mv2 leading to 8.19 × 10–14

  
 (c) Up and anti-up 0  
  Down and anti-down 0  
  Up and anti-down +1  
  Down and anti-up –1   
  Combinations listed [1]; charges [ 2

1 ] each, round down  [3] 9
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AVAILABLE 
MARKS

9 (a) (i) Circumference = 23.9cm [1] 
   Divides by 9 (ecf from their circ) = 2.66cm [1] [2]
  
  (ii) 12.6 rad s–1 or  4π rad s–1  [1]

 (b) (i) 187.5 ([–1] if unit included)  [1]
  
  (ii) u

v  = 187.5 (ecf from (i))  [1] 
   u + v = 12  [1] 
   188.5u = 12  [1] [3]
  
  (iii) Magnifi ed, inverted, real  [1]
  
 (c) (i) (Positive) ions and electrons  [1]
  
  (ii) Electrons excited to a higher energy level [1] 
   Fall to a lower level releasing energy in the form of a visible 
   photon/visible light [1] [2]
  
  (iii) Transitions between different energy levels  [1]
   (not upwards)

 (d) (i) Oscillations/vibrations are in 1 plane only  [1]
  
  (ii) Annihilation/change in intensity observed on viewing through a 
   rotating polaroid  [1] 14

      Total 90
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