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1 (a) (i) car uses 210 / 14 = 15 litres of fuel   ....................................................................C1 
   volume reading = 45 litres   . ................................................................................. A1 [2] 
 
  (ii) from ‘full’ to ‘3/4’ mark   ......................................................................................... B1 [1] 
 
 
 (b) (i) line/graph does not pass through (‘empty, 0) / there is an intercept   ................... B1 [1] 
   (do not allow ‘non-linear’) 
 
  (ii) (meter shows zero fuel when there is some left in the tank so) 
   acts as a ‘reserve’   ............................................................................................... B1 [1] 
 

[Total: 5] 
 
 
2 (a) (i) (air) resistance increases with speed   .................................................................M1  
   resultant / accelerating force decreases   ............................................................. A1 [2] 
 
  (ii) either (air) resistance is zero  
   or      weight / gravitational force  is only force   ................................................... B1 [1] 
 
 
 (b) use of gradient of a tangent   .......................................................................................M1 
  acceleration  =  1.9 ± 0.2 m s-2   .................................................................................. A2 [3] 
  (for values  > ± 0.2 but ≤ 0.4, allow 1 mark) 
  (answer 3.3 m s-2 scores no marks) 
 
 

 (c) (i) 1 weight  =  90 × 9.8  =  880 N   ........................................................................... A1 [1] 
   (use of g = 10 m s-2 then deduct mark but once only in the Paper) 

   2 accelerating force  =  90 × 1.9  =  170 N    …(allow ecf)   ................................. A1 [1] 
 
  (ii) resistive force  =  880 – 170  =  710 N   ................................................................ A1 [1] 
   (allow ecf but only if resistive force remains positive) 
 

[Total: 9] 
 
 
3 (a) (i) either sum / total momentum (of system of bodies) is constant  
   or       total momentum before = total momentum after   ......................................M1  
   for an isolated system / no (external) force acts on system   ............................... A1 [2] 
                
  (ii) zero momentum before / after decay   ..................................................................M1 

   so α-particle and nucleus D must have momenta in opposite directions   ........... A1 [2] 
 
 
 (b) (i) kinetic energy  =  ½ mv2   .. ...................................................................................C1 

    1.0 × 10-12  =  ½ × 4 × 1.66 × 10-27 × v2   ..............................................................M1  

   v  =  1.7 × 107 m s-1   ............................................................................................. A0 [2] 
 

  (ii) 1.7 × 107 × 4u  =  216u  × V   ................................................................................C1 

   V  =  3.1 × 105 m s-1   ............................................................................................ A1 [2] 

   (accept 3.2 × 105 m s-1,  do not accept 220 rather than 216)    
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 (c) (1.7 × 107)2  =  2 × deceleration × 4.5 × 10-2   ..............................................................C1 

  deceleration / a  =  3.2 × 1015 m s-2   ........................................................................... A1 [2] 

  (accept calculation based on calculating F = 2.22 × 10-11 N  
  and then use of F = ma) 
 

[Total: 10] 
 
 
4 (a) (i) returns to original shape / size / length etc.   ........................................................ B1  
   when load / distorting forces / weight / strain is removed   ................................... B1 [2] 
 

  (ii) 1  R = ρL / A   ....................................................................................................... B1 [1] 
   2   E = WL / Ae   ................................................................................................... B1 [1] 
 
 

 (b) E  =  WR / eρ    ............................................................................................................C1 

  =  (34 × 0.44)  /  (7.7 × 10-4 × 9.2 × 10-8)   ....................................................................C1  

  =  2.1 × 1011 Pa   ......................................................................................................... A1 [3] 
 

[Total: 7] 
 
 
5 (a) transfer / propagation of energy   ................................................................................M1 
  as a result of oscillations / vibrations   ......................................................................... A1 [2] 
 
 
 (b) (i) displacement / velocity / acceleration (of particles in the wave)   ......................... B1 [1] 
 
  (ii) displacement etc. is normal to direction of energy transfer /   
   travel of wave / propagation of wave ……(not ‘wave motion’)   ............................ B1 [1] 
 
  (iii) displacement etc. along / same direction of energy transfer / 
   travel of wave / propagation of wave ……(not ‘wave motion’)   ............................ B1 [1] 
 
 
 (c) diffraction: suitable object, means of observation   ......................................................M1 
  either  laser     or      lamp and aperture 
  or distant source   ........................................................................................................M1 
  light region where darkness expected   ....................................................................... A1 
 
  interference: suitable object, means of observation and illumination   ........................ B1 
  light and dark fringes observed   ................................................................................. B1 
  appropriate reference to a dimension for diffraction or  
  for interference   .......................................................................................................... B1 [6] 
 

[Total: 11] 
 
 
6 (a) energy transferred from source / changed from some form to electrical   ...................M1 
  per unit charge (to drive charge round a complete circuit)   ........................................ A1 [2] 
 
 
 (b) and     power in R = I 2X   ............................................................................................M1 
  E = I (X + r)   ................................................................................................................M1 
  power in cell = EI and  algebra clear leading to ratio = X / (X + r)   ............................. A1 [3] 
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 (c) (i) 1.4 W   .................................................................................................................. A1 

   0.40 Ω     ………(allow ±0.05 Ω)   ......................................................................... A1 [2] 
 

  (ii) current in circuit  =  1.4/0.4   =  1.87 A   .............................................................C1 

   1.5  =  1.87 (r + 0.40)   ..........................................................................................C1 

   r  =  0.40 Ω   …...................................................................................................... A1 [3] 
 
 
 (d) either    less power lost / energy wasted / lost 
  or          greater efficiency (of energy transfer)   .......................................................... B1 [1] 
 

[Total: 11] 
 
 
7 (a) deviation shown correctly   .......................................................................................... B1 [1] 
 
 (b) smaller deviation (not zero deviation)   ........................................................................M1  
  acceptable path wrt position of N   .............................................................................. A1   [2] 
 
 
 (c) the nucleus is (very) small   .........................................................................................M1 
  in comparison to the atom   ......................................................................................... A1 [2] 
  (special case: ‘atom is mostly empty space’ scores 1 mark) 
 
 (d) deviation depends on charge on the nucleus / N / electrostatic repulsion   ................. B1 
  same charge so no change in deviation   .................................................................... B1 [2]  
 

[Total: 7] 
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1 (a) (i) either    1.55%       or         1.6%     …(not 1.5 or 2)   ............................................ A1 [1] 
 
  (ii) either    1.09%       or         1.1%     …(not 1.0 or 1)   ............................................ A1 [1] 
 
 
 (b) answer of {(ii) + 2 × (i)}  to any number of sig. fig. 
  either    4.2%      or        4.3%   .................................................................................... A1 [1] 
 
 
 (c) (i) either the value has more significant figures than the data    
   or    uncertainty of ±0.4 renders more than 2 s.f. meaningless)   ......................... B1 [1] 
 

  (ii) uncertainty in g  =  ±0.41 /  ±0.42  to any number of s.f.   ....................................C1 
   g  =  (9.8  ±  0.4) m s-2   ........................................................................................ A1 [2] 
 

[Total: 6] 
 
 
2 (a) (i) e.g. (phase) change from liquid to gas / vapour  
    thermal energy required to maintain constant temperature   ......................... B1 [1] 
    (do not allow ‘convert water to steam’) 
 
  (ii) e.g. evaporation takes place at surface   .............................................................. B1 
    boiling takes place in body of the liquid   ....................................................... B1 
   e.g. evaporation occurs at all temperatures   ....................................................... B1 
    boiling occurs at one temperature   ............................................................... B1 [4] 
 
 

 (b) (i) volume  =  (
4.5

48
=)  10.7 cm3   .............................................................................. A1 [1] 

 
  (ii) 1 volume  =  10.7 / (6.0 × 1023)   
   =  1.8 × 10-23 cm3   ................................................................................................ A1 [1] 
   2  separation  =  3√(1.8 × 10-23) 
   =  2.6 × 10-8 cm   ................................................................................................... A1 [1] 
 

[Total: 8] 
 
 
3 (a) (i) speed  =  4.0 m s-1    …(allow 1 s.f.)   ................................................................... A1 [1] 
 
  (ii) v2 =  2gh 
    =  2 × 9.8 × 1.96   .............................................................................................M1 
   v =  6.2 m s-1   ..................................................................................................... A0 [1] 
   (use of g = 10 m s-2 loses the mark) 
 
 
 (b) correct basic shape with correct directions for vectors   ..............................................M1 
  speed  =  (7.4 ± 0.2) m s-1   ......................................................................................... A1 
  at (33 ± 2)° to the vertical   .......................................................................................... A1 [3] 
  (for credit to be awarded, speed and angle must be correct on the diagram – not calculated) 
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 (c) (i) either    v2  =  2 × 9.8 × 0.98     or       v  =  6.2 / √2   ............................................C1 
   speed  =  4.4 m s-1   .............................................................................................. A1 [2] 
   (allow calculation of t = 0.447 s, then v = 4.4 m s-1) 
 
  (ii) 1  momentum  =  mv   ...........................................................................................C1 
   change in momentum =  0.034 (6.2 + 4.4)   ........................................................C1 
    =  0.36 kg m s-1   .............................................................. A1 [3] 
   (use of 0.034 (6.2 - 4.4) loses last two marks)     
   2  force =  ∆p / ∆t  …….(however expressed)   ...................................................C1 

    =  
0.12

0.36
 

    = 3.0 N    ……(allow 1 s.f.)   ................................................................... A1 [2] 
 

[Total: 12] 
 
 
4 (a) ability to do work   ........................................................................................................ B1 
  as a result of a change of shape of an object/stretched etc   ...................................... B1 [2] 
 
 
 (b) work  =  average force ×distance moved (in direction of the force)   ........................... B1 
  either     work  =  ½ × F × x     
  or           work is area under F/x graph which is ½Fx   ................................................. B1 
  F =  kx   ........................................................................................................................ B1 
  so work / energy  =  ½kx2   .......................................................................................... A0 [3] 
 
 

 (c) (i) spring constant =  
2.1

3.8
   .....................................................................................M1 

    =  1.8 N cm-1   ........................................................................... A0 [1] 
 
  (ii) 1 ∆EP =  mg∆h   or  W∆h   ...................................................................................C1 
    =  3.8 × 1.5 × 10-2 
    =  0.057 J   ................................................................................................ A1 [2] 
   2 ∆ES =  ½ × 1.8 × 102 (0.0362 – 0.0212)   ...........................................................M1 
    =  0.077 J   ................................................................................................ A0 [1] 
   3 work done =  0.077 – 0.057 
    =  0.020 J   ....................................................................................... A1 [1] 
   (allow e.c.f. if ∆ES  > ∆EP) 
 

[Total: 10] 
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5 (a) (i) frequency  f   ......................................................................................................... B1 [1] 
 
  (ii) amplitude  A   ....................................................................................................... B1 [1] 
 
 

 (b) π rad  or 180°    ………(unit necessary)   .................................................................... B1 [1] 
 
 
 (c) (i) speed  =  f × L   ..................................................................................................... B1 [1] 
 
  (ii) wave is reflected at end / at P   ............................................................................ B1 
   either  incident and reflected waves interfere     
   or       two waves travelling in opposite directions interfere   ................................M1 
   speed is the speed of incident or reflected wave / one of these waves   .............. A1 [3] 
 

[Total: 7] 
 
 
6 (a) total resistance in series  = 2R     
  total resistance in parallel = ½R   ................................................................................M1 
  ratio is 2R / ½R  =  4   ......(allow mark if clear numbers in  the ratio)   ........................ A0 [1] 
 
 (b) at 1.5 V, current is 0.10 A   ..........................................................................................C1 

  resistance =  V/I =  
0.1

1.5
     

    =  15 Ω   .................................................................................................... A1 [2] 
  (use of tangent or any other current scores no marks) 
 
 
 (c)      

 p.d. across 
each lamp / V 

resistance of 
each lamp / Ω 

combined 
resistance / Ω 

series 
parallel 

1.5 
3.0 

15 
20 

30 
10 

 
  column 1   .................................................................................................................... A1 
  columns 2 and 3:  max 3 marks with -1 mark for each error or omission   .................. A3 [4] 
 
 
 (d) (i) ratio is 3   ...............(allow e.c.f.)   ......................................................................... A1 [1] 
 
  (ii) resistance increases as potential difference increases   ...................................... B1 
   increasing p.d. increases current   ........................................................................ B1 
   current  increases non-linearly so resistance increases   ..................................... B1 [3] 
 

[Total: 11] 
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7 (a) either   forms of same element 
  or          atoms / nuclei with same number of protons   ................................................M1 
  atoms / nuclei contain different numbers of neutrons   ................................................ A1 [2] 
  (use of ‘element’ rather than atoms / nuclei scores max 1 mark) 
 
 
 (b) (i) decay is not affected by environmental factors   .................................................. B1 [1] 
   (allow two named factors) 
  
  (ii) either     time of decay (of a nucleus) cannot be predicted    
   or           nucleus has constant probability in a given time   .................................. B1 [1] 
 
 
 (c) Re

185

75
   ......................................................................................................................... B1 

  either    e
0

1−
       or       0

1−
β   ......................................................................................... B1 [2] 

 
[Total: 6] 
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