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Question 
number 

Answer  Notes Marks 

7 a (i) moment = force x (perpendicular) distance;  1 

      

  (ii) correct distance used; apply ecf if wrong 
distance chosen 

4 
 

   substitution;   

   rearrangement;   

   evaluation; -1 for POT error  

      

   e.g.   

   distance = 40 (cm)   

   4.8 = force x 0.4   

   (force =) 4.8/0.4   

   (force =) 12 (N)   

    0.12, 16, 9.6 gain 3 
marks 

 

    0.16, 0.096 gain 2 
marks 

 

      

 b  use a longer spanner / apply force a greater 
distance from the {bolt / pivot} / apply a larger 
force; 

allow applying force at 
right angles to the 
spanner 

2 

    
idea that force / distance needs to be 2x greater; 

 
e.g. 12N applied at 
80cm or 24N applied at 
40cm 

 

      

 
Total for question 7 = 7 marks 
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Question 
number 

Answer  Notes  Marks 

7   any five from:  5 
   MP1. determine / measure distance; allow idea of 

measuring 
diameter/radius and 
calculating distance 

 

   MP2. determine / measure time;   
   MP3. appropriate measuring instrument for 

distance OR time; 
  

   MP4. use a suitable distance / count laps (of 
known length); 

  

   MP5. repeat experiment and calculate average;   
   MP6. use of speed = distance ÷ time;   
   MP7. suitable experimental precaution e.g. 

reaction time considered, time from and to 
predetermined points; 

ignore ‘human error’ 
allow mark a 
start/finish point 

 

      
      

 
Total for question 7 = 5 marks  
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Question 
number Answer  Notes  Marks 

5 (a)  any attempt at finding the area/ “area = distance” 
stated; 

  4 

   area of triangle = ½ x 4.3 x 0.2 (= 0.43 m); accept area of 
trapezium = ½ x 4.3 x 
(0.2 + 0.4) for MP2 and 
MP3. 

 

   area of rectangle = 4.3 x 0.2 (= 0.86 m); count squares; 
area of 1 square = 0.001 
(m); 

 

   distance = 1.29 (m) ; distance = 1.29 (m)  
       
        
 (b) (i) idea that acceleration = gradient;   3 
   gradient = (-)4.3 / 0.05;    
  

 
 

 acceleration = (-) 86 (m/s2); -1 for POT error  

        
        
 (ii)  (resultant) force = mass x acceleration / F = ma   1 
        
        
 (iii)  substitution;    2 
   evaluation; allow ECF from (i)  
        
    eg    
    F = 0.13 x 86 ignore sign  
    F = 11 (N) 11.18, 11.2  
        
        
 (c)  increases time of collision;    3 
   any reference to shallower gradient on graph;    
   so acceleration will be smaller (in magnitude);    
       
        

(Total for Question 5 = 13 marks) 
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Question 
number Answer  Notes Marks 

10 (a) (i) substitution into a = ∆v / t;   2 
   evaluation to 3 or more s.f.;   
      
   e.g.   
   acceleration = (4.20 – 1.45) / 0.286   
   (acceleration =) 9.62 (m/s2)   
      
  (ii) idea that air resistance / friction also acts on ball; allow drag 2 
   which opposes the ball’s weight; allow idea that frictional force 

is upwards whilst weight is 
downwards 
allow idea that resultant force 
is less that weight 

 

    ignore idea of reaction time / 
other human errors 

 

  (iii) substitution into v2 = u2 + 2×a×s; allow use of a=9.6, 9.8, 9.81 or 
10 

3 

   rearrangement;   
   evaluation;   
    reject ‘change in speed × 

time’ giving 0.78(65) as 
incorrect physics 
allow answers using correct 
average velocity. 

 

   e.g.   
   4.202 = 1.452 + (2 × 9.6 × s)   
   s = (v2 - u2) / 2a   
   (s =) 0.809 (m) allow range 0.78-0.81 (m)  
      
      
 (b) (i) suitable scale on both axes;  2 
   all points plotted correctly to nearest half square;   
   

 

  

  (ii) smooth curve drawn with an even distribution of 
data points either side; 

ECF candidate plotting 1 

      
  (iii) gradient of graph is equal to the speed / velocity 

of the ball; 
 3 

   gradient is increasing (as time increases); allow “curve gets steeper” 
allow idea of greater distance 
in a unit of time 

 

   speed / velocity is increasing (as time increases); DOP  
      
    award 1 mark for idea that 

graph is a curve if no other 
marks awarded 

 

 
Total for Question 10 = 13 marks 
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Question 
number 

Answer  Notes  Marks 

3 (a) (i) 8.2 (m/s) ;  1 
        
        
  (ii) any TWO from:  ignore reference to upthrust 

 
3 

   MP1. reference to weight and drag;  accept water friction or 
water resistance for “drag”  
accept ‘gravitational force’ 
for ‘weight’ 

 

   MP2. weight greater than drag; 
MP3. resultant force causes acceleration;  

 
"F=ma" is insufficient by 
itself 

 

   MP4. drag increases with speed;    
        
   PLUS 

  
   

   weight = drag at terminal velocity/eq;     
        
 (b) (i) pressure difference = height × density × g ; accept depth for height  1 
     accept accepted symbols   
     e.g. p, h, d (for height), d or 

ρ (for density),   
 

    accept any correct 
rearrangement   
 

 

     reject ‘gravity’ for ‘g’   
      
  (ii) substitution;  accept use of 9.8(1) for 

‘g’ giving 245 000 (Pa) 
2 

   evaluation;     
        
   correct answer: 250 000 (Pa)  POT error gives −1 except if 

no evidence of use of ‘g’  
 

   e.g. pressure difference = height × density × g  
pressure difference = 25 × 1000 × 10 

   

   pressure difference = 250 000 (Pa)     
        
  (iii) addition of 1.0 × 105 to candidate’s answer to 

(ii);  
accept answer not given in 
standard form  

1 
 

   correct answer: 3.5 × 105 (Pa)     
      
  (iv) substitution into given equation; subs and rearrange can be in 

either order; 
3 
 

   rearrangement;   
   correct evaluation;   
   correct answer: 0.13(14) (m3) condone use of 2.5 × 105 Pa 

giving V = 0.18… (m3) for 2 
marks 

 

      
   e.g. p1 × V1 = p2 × V2 

1.0 × 105 × 0.46 = 3.5 × 105 × V2 
V2 = (1.0 × 105 × 0.46) ÷ (3.5 × 105 ) 
V2 = 0.1314 (m3) 

condone use of 2.45 × 105 Pa 
giving V = 0.188… (m3) for 2 
marks 

 

        
Total for Question 3 = 11 marks 
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Question 
number 

Answer  Notes Marks 

4 (a) (i) by radiation / by (infrared) light; ignore “heat” 1
    Allow EM waves/IR, 

condone visible, UV, 
sunlight 
 
condone “light rays” 

  (ii) (average speed) increases; e.g. “faster” 1
    
 (b) (i) Either  

idea that water temperature is greater than the 
outside temperature; 
 
Or 
  
not receiving radiation / light from the Sun; 

allow RA 
 
 
condone ‘heat’ or 
‘sunlight’ for ‘light’ or 
‘radiation’ 

1
 

    
  (ii) any four from: ignore reference to 

radiation 
4

   MP1. cover traps air; ignore ‘traps heat’ 

   MP2. (trapped) air is a poor conductor / (good)
insulator; 

   MP3. plastic is a poor conductor / (good)
insulator;  

   MP4. conduction reduced; condone “conduction 
stopped” 

   MP5. convection reduced / stopped;

   MP6. less evaporation (from water surface); condone “no 
evaporation” 

    

 

Total for Question 4 = 7 marks 
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Question 
number 

Answer  Notes Marks 

7 (a)  measuring equipment: allow if clearly included 
in diagram 

6
  

   MP1. ruler / tape measure;
   MP2. stopclock / stopwatch; condone ‘timer’ 

 
accept use of light 
gates if connected to 
timing device e.g. 
computer/datalogger 
 
accept ‘camera’ if 
subsequent method 
describes ‘freeze-
frame’/timestamp 
technique 

    
   variables: 
   MP3. surface material is the independent 

variable; 
   MP4. (average) speed is the dependent variable; allow time as the 

dependent variable 
   MP5. any one control variable from; allow ‘keep constant’ 

for ‘control variable’ 
    size / mass / material / area /weight of 

block 
    height/angle/gradient of ramp
    initial force given to block allow ‘push’ given to 

block 
allow initial speed or 
velocity 
 

    distance travelled down the ramp allow same starting 
point and finishing point 

    
   determining average speed:
   MP6. use of (average) speed = 

distance travelled / time 
accept use of light gate 
if description includes 
length of card/block 
and time of transit 
 

    
 (b) 

 
 (bar chart because) surface material is a {categoric 

/ discontinuous / non-continuous} variable; 
condone surface 
material being a 
discrete variable 

1
  

    
     

 

Total for Question 7 =7 marks 
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Question 
number Answer  Notes Marks 

3 (a) (i) (average) speed = distance / time; allow standard symbols and 
rearrangements e.g. 
v = s/t 

1 

    allow s for speed and d for 
distance 

 

      
  (ii) substitution;  2 
   evaluation;   
      
   e.g.   
   (speed =) 1860 / 5.6   
   (speed =) 330(m/s) allow 332.14…(m/s)  
      
  (iii) light travels faster than sound; allow idea that they travel at 

different speeds but not that 
sound travels faster 

2 

   he sees explosion before hearing it;   
    Allow RA  
      
 (b)  vibrations (of particles) are parallel; allow oscillations for 

vibrations 
2 

   to direction the wave travels; DOP  
    allow direction of energy 

transfer 
 

      
 (c) (i) kinetic energy = ½ × mass × speed2; allow standard symbols and 

rearrangements e.g. 
KE = ½ × m × v2 

1 

      
  (ii) substitution;  2 
   evaluation; -1 for POT error  
      
   e.g.   
   (KE =) 0.5 × 1.25 × 107 × 192002   
   (KE =) 2.30 × 1015 (J) allow 2.304 × 1015 (J)  
      
      

 
Total for Question 3 = 10 marks 
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Question 
number Answer  Notes Marks 

11 (a)  value of braking distance correctly read from graph; allow 77-79 m 4 
   substitution into v2 = u2 + 2as; allow ecf incorrect distance  
   rearrangement;   
   evaluation;   
      
   e.g.   
   braking distance = 78 m   
   0 = 352 + (2 × a × 78)   
   (a =) (-) 352 / (2 × 78)   
   (a =) (-) 7.9 (m/s2) allow 7.75… - 7.95…(m/s2)  
      
      
 (b)  any five from:  5 
   MP1. thinking distance OR braking distance 

increases as (initial) speed increases; 
  

   MP2. braking distance increases by a greater 
amount than thinking distance for the same 
increase in (initial) speed; 

e.g. gradient of braking 
distance graph larger than 
gradient for thinking distance 

 

   MP3. thinking distance is (directly) proportional 
to (initial) speed; 

  

   MP4. braking distance has a non-linear 
relationship with (initial) speed; 

  

   MP5. idea that braking distance is proportional to 
(initial) speed squared; 

e.g. when initial speed 
doubles, the braking distance 
is four times greater / eq. 

 

   MP6. suitable use of data to justify thinking 
distance relationship; 

e.g. reading off thinking 
distance for two values of 
initial speed and showing 
they increase by the same 
factor 

 

   MP7. suitable use of data to justify braking 
distance relationship; 

e.g. reading off braking 
distance for two values of 
initial speed and showing 
they do not increase by the 
same factor 

 

      
      

 
Total for Question 11 = 9 marks 
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Question 
number Answer  Notes  Marks 

4 (a) (i) use of acceleration = change in velocity / time; seen anywhere in 
working 
allow clear indication 
that acceleration is 
gradient 

3 

   substitution;    
   evaluation; ignore minus sign  
      
   e.g.   
   acceleration = change in velocity / time   
   acceleration = (-)30 / 6.2   
   (acceleration =) (-)4.8 (m/s2) allow  

(-)4.8 to (-)5.0 (m/s2) 
 

        
  (ii) clear indication that distance is area under line;   3 
   understanding braking distance is area of triangle 

section only; 
   

   evaluation;    
    54 (m) = 1 mark  
    147 (m) = 2 marks  
   e.g.   
   distance = area   
   distance = 0.5 × 30 × 6.2   
   (distance =) 93 (m)   
     accept alternative 

method using ecf 
answer from (a)(i) and  
v2 = u2 + 2as giving 
93.75 (m) 

 

      
  (iii) thinking distance:    4 
   increase in thinking distance;    
   (due to) increased reaction time;    
      
   braking distance:   
   no effect on braking distance;   
   (due to) no effect on braking time / braking force; allow idea that braking 

distance does not 
depend on human 
factors 

 

      
        
 (b)  A;   1 
        
   B is incorrect because it does not show deceleration    
   C is incorrect because the distance cannot change 

abruptly and the car is moving throughout 
   

   D is incorrect because the first portion shows that 
the car is not moving 

   

        
        

 
Total for Question 4 = 11 marks 
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Question 
number 

Answer  Notes  Marks 

3 (a) (i) × 1600 seen in working OR  ÷ 3600 seen in working; allow ÷ 602 2 

   speed = 179 (m/s); allow any answer that 
would round to 179 
condone 180 

 

    NB 1600 × 403 = 644800  

  (ii) idea of measuring time taken (to travel between 
markers); 
 

 3 

   use of appropriate instrument to measure time; allow stopwatch, timer, 
(stop)clock, light gates 

 

   use of speed = distance / time; condone any subject of 
equation. 

 

      

      

 (b)   
 

ignore vertical arrows 
 

3 

   length of arrow equal to given arrow; 
 
arrow drawn horizontally to the left; 
 

judge by eye  

   arrow labelled “air resistance”; allow drag, friction 
ignore wind resistance 

 

      

      

 
Total for Question 3 = 8 marks 
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Question 
number 

Answer Additional guidance Mark 

2(a) 
 
 
 
 
 

 downward arrow labelled ‘weight’ 
(1) 

 upward arrow labelled ‘reaction’ (1) 
 both arrows of approximately equal 

length and drawn in line within ball 
(1) 

ignore ‘gravity’ 
allow ‘gravitational force’, 
‘force due to gravity’ 
allow ‘normal reaction 
force’, ‘normal contact 
force’ 
 

 
 
 
 
 
 
3 

 
Question 
number 

Answer Additional guidance Mark 

2(b) 
 
 
 
 
 
 
 
 

Process should include: 
 substitution  
 rearrangement  
 evaluation to at least 2 significant 

figures (s.f.) 
 
e.g. 
v2 = 0 + (2 × 10 × 1.3) (1) 
v = 2 × 1 0 × 1 .3  (1) 
v = 5.1 (m/s) (1) 
 

 
 
 
 
 
 
 
 
 
allow 5.10, 5.099, 5.09 

 
 
 
 
 
 
 
 
 
 
 
3 

 
Question 
number 

Answer Additional guidance Mark 

2(c)(i) 0.51 (seconds)  allow value in range 
0.50–0.52 (seconds) 
 

 
 
1 

 
Question 
number 

Answer Additional guidance Mark 

2(c)(ii) Average speed = distance moved/time 
taken  

allow in accepted 
symbols or rearranged. 
 

 
 
1 

 
Question 
number 

Answer Additional guidance Mark 

2(c)(iii) (Speed =) 2.0 (m/s)  accept 2  
1 

 
Question 
number 

Answer 
 

Mark 

2(c)(iv) 
 
 
 
 
 

An explanation that makes reference to the following points: 
 
 gradient is equal to the {speed/velocity} of the ball (1) 
 gradient is increasing over time (1) 
 (therefore) the {speed/velocity} is increasing with time (1) 

 
 
 
 
 
3 

 
Total for Question 2 = 12 marks 
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Question 
number Answer  Notes  Marks 

8 (a) (i) buzzer B travels twice the distance; ignore quoting distances 
since given in question 

2 

   in the same time (period)  OR   
(average) speed = distance/time taken; 

   

      
  (ii) any three from:   3 
   MP1.  frequency decreases; allow for either / both 

buzzer(s) 
reject if one frequency 
said to be increased 

 

   MP2.  due to Doppler effect;    
   MP3.  idea of increased wavelength; allow idea of waves behind 

buzzers being more spread 
out  
reject if one wavelength 
said to be decreased 

 

   MP4.  idea that decrease in frequency of buzzer B is 
twice that of buzzer A; 

allow frequency of buzzer 
B being lower than 
frequency of buzzer A / 
ORA 

 

        
        
 (b)  determination of number of squares for one period;   3 
   correct use of oscilloscope settings; seen anywhere in working  
   evaluation in standard form;    
     award 2 marks for answers 

of 4 × 10-3, 16 × 10-3 (s) 
 

   e.g.    
   period = 4 squares    
   (period = 4) × 0.002     
   (period =) 8 × 10-3 (s)    
        
      
 (c) (i) 10 (nm);   1 
        
  (ii) idea the speed of Q is double the speed of P; allow greater speed 1 
        
  (iii) 20 (nm); allow ecf from (c)(i) 1 
        
  (iv) any four from:   4 
   MP1.  further / faster galaxy (Q) shows greater red shift;    
   MP2.  further galaxy (Q) is travelling faster;   
   MP3.  (which suggests) universe is expanding;    
   MP4.  idea that at an earlier point in time; allow use of phrases such 

as “originated” / eq. 
 

   MP5.  the universe was a single point;    
        
        

 
Total for Question 8 = 15 marks 
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