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Question Answer Marks 

1(a) rate of change of velocity B1 

1(b)(i) acceleration = 320 / 20 
 
 = 16 m s–2 

A1 

1(b)(ii) 
s = 

1

2
 ((u) + v)t  or  distance = area under graph 

C1 

 
(height) = 

1

2
  20  320 = 3200 m or 3.2 km 

A1 

1(c)(i) (EP) = mgh C1 

  = 2.9  106  9.81  3200 
  

 = 9.1  1010 J 

A1 

1(c)(ii) 
(EK) = 

1

2
 m(v2) 

C1 

 
 = 

1

2
  2.9  106  3202 

 

 = 1.5  1011 J 

A1 

1(c)(iii) (power =) work done / time   C1 

 power = ((1.5 + 0.91)  1011) / 20  
 
 =  1.2  1010 W 

A1 

1
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1(a)(i) vH = 28 × cos 34° 
 
      = 23 m s–1 

A1 

 vV = 28 × sin 34° 
 
      = 16 m s–1 

A1 

1(a)(ii) time = 16 / 9.81 = 1.6 s A1 

1(a)(iii) horizontal straight line at v = 23 m s–1 from t = 0 to t = 3.2 s B1 

1(a)(iv) straight diagonal line starting at a positive velocity from t = 0 to t = 3.2 s, crossing the time axis B1 

 line starting at v = 16 m s–1 and ending at v = –16 m s–1 B1 

 line passing through v = 0 at t = 1.6 s B1 

1(b)(i) product of mass and velocity B1 

1(b)(ii) F = p / t C1 

  = 13 / 3.2 
 
 = 4.1 N 

A1 
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1(b)(iii) m = p / v 
 

 = 13 / (2  16) 
 
 = 0.41 kg 
 
or 
 
m = F / g 
 
 = 4.06 / 9.81 
 
 = 0.41 kg 

A1 
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1(a) rate of change of velocity B1 

1(b)(i) s = ut + ½at2 and u = 0 or s = ½at2  
 

t = (2  14 / 9.81) 

C1 

 t = 1.7 s A1 

 OR 
 

v = (02 + 2  9.81  14)  
v = 17 (m s−1) 
 

17 = (0 + 9.81)  t or 17 = 9.81  t 
 

or 14 = ½  (0 + 17)  t or 14 = ½  17  t  

(C1) 

 t = 1.7 s  (A1) 

1(b)(ii) s = ut + ½at2 
 

u = (3.6 – ½  9.81  1.72) / 1.7 

C1 

 u = (–) 6.2 m s–1 A1 

 OR 
 

v = (3.6 + ½  9.81  1.72) / 1.7 
v = 10 (m s−1) 
 

 10 = u + 9.81  1.7 

or 102 = u2 + (2  9.81  3.6) 

or 3.6 = ½  (u + 10)  1.7  

(C1) 

 u = (−) 6.2 m s−1  (A1) 
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1(c)(i) Less time (as it reaches a lower height) B1 

 (because) the initial vertical (component of the) velocity is smaller (than in part (b)) B1 

1(c)(ii) The (total) initial energy is the same (as in part (b))  B1 

 change in gravitational potential energy is same, so speed is the same B1 

   

Question Answer Marks 

2(a) in (rotational) equilibrium B1 

 sum / total of clockwise moments about a point = sum / total of anticlockwise moments about the (same) point.  B1 

2(b) 80  9.81  3 or 60  9.81  3 or 45  9.81  x C1 

 80  9.81  3 = (60  9.81  3) + (45  9.81  x) C1 

 x = 1.3 m A1 

2(c)(i) k = F / x C1 

 x = 0.80 – 0.59 
 = 0.21 m 

C1 

 k = (60  9.81) / 0.21 
 
 = 2800 N m−1 

A1 
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3(a)(i) a = (v2 – u2) / 2s 
 

 = (222 – 132) / (2  180) 

C1 

  = 0.88 m s–2 A1 

 OR 

[t = (180  2) / (22 + 13) = 10.3]  

180 = 13  10.3 + ½ a  10.32 or  
180 = 22  10.3 – ½ a  10.3 2 or 

22 = 13 + a  10.3 

(C1) 

 a = 0.88 m s–2 (A1) 

3(a)(ii) ()E = ½m()v2 C1 

 gain in KE = ½m(v2 – u2) 
 

 = ½  9400  (222 – 132) 

C1 

  = 1.5  106 J A1 

 OR 
 
W = Fs  

 = ma  d 

(C1) 

 gain in KE = 9400  0.88  180 (C1) 

  = 1.5  106 J (A1) 

3(b)(i) rate of change of momentum B1 

3(b)(ii) (Force =) (2.5  104 – 21  104) / 15 = – 1.2  104 (N) A1 
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3(b)(iii) The change of momentum (for S and R to come to rest) is the same B1 

 (Average) force on R (to come to rest) is  
(–21  104 / 23 =) 0.91  104 N or 
(Average) force on R (to come to rest) is less than the force on S / less than F 

B1 

 (S will come to rest in) less time (than R). B1 

 OR 
 
The change of momentum (for S and R to come to rest) is the same 

(B1) 

 Time for S to come to rest is (–21  104 / 1.2  104 =) 17.5 s (and time for R to come to rest is 23 s) (B1) 

 (S comes to rest in) less time (than R). (B1) 

   

Question Answer Marks 

4(a) (micro)wave (from the transmitter) reflects (at metal/sheet) B1 

 The incident and reflected waves superpose B1 

 (resultant) amplitude is maximum at an antinode B1 

 (resultant) amplitude is minimum/zero at a node B1 

4(b)(i)  = c / f 

 = 3  108 / 6.3  109 

C1 

  = 0.048 m A1 

4(b)(ii) distance PQ = ¼ 
 = 0.048 / 4 
 = 0.012 m 

A1 

4


