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Answer all the questions.

1 A boy drags a sledge in a straight line along horizontal ground by means of a rope attached to the sledge. 
The rope makes an angle of 25° with the horizontal and the tension in the rope, T N, is constant. The work 
done by the tension in moving the sledge 75 m is 4000 J. Calculate the value of T. [3]

2 A golfer hits a ball from a point O on horizontal ground with a velocity of 55 m s–1 at an angle of 20° above 
the horizontal. The ball first hits the ground at a point A and the time of flight is t seconds. Assuming that 
there is no air resistance, calculate

 (i) the value of t and the distance OA, [4]

 (ii) the speed and direction of motion of the ball 2.6 s after the golfer hits the ball. [5]

3
B

P

A

60°

4a
6a

 A uniform rod AB of mass m and length 6a rests in a vertical plane with A on rough horizontal ground. 
A particle of mass km, where k is a constant, is attached to the rod at B. The rod makes an angle of 60° with 
the horizontal and is supported by a small smooth peg P. The distance AP is 4a (see diagram).

 (i) Calculate, in terms of m, g and k, the magnitude of the force exerted by the peg on the rod. [4]

 The coefficient of friction between the rod and the ground is 33
1 .

 (ii) Find the greatest value of k for which the rod remains in equilibrium. [5]
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4 A car of mass 1200 kg travels up a line of greatest slope of a straight road inclined at 4° to the horizontal. 
The power of the car’s engine is constant and equal to 23 kW and the resistance to the motion of the car is 
constant and equal to 800 N. The car passes through a point A on the road with speed 8 m s–1.

 (i) Find

  (a) the acceleration of the car at A,

  (b) the greatest steady speed at which the car can travel up the hill. [5]

 The car later passes through a point B on the same road where AB = 109 m and the car takes 10.1 s to travel 
from A to B.

 (ii) Calculate the speed of the car at B. [7]

5

4 m

5 m

0.4 kg
P

O

Fig. 1

 A particle P of mass 0.4 kg is moving on the smooth inner surface of a fixed hollow hemisphere which has 
centre O and radius 5 m. P moves with constant angular speed in a horizontal circle at a vertical distance of 
4 m below the level of O (see Fig. 1).

 (i) Find, in terms of g, the magnitude of the force exerted by the hemisphere on P. [3]

 (ii) Show that the time taken, in seconds, for P to complete one revolution of its circular path is given
  by 

g
4r . [4]

4 m

5 m

P
B

O

Fig. 2

 One end of a light string is now attached to P. The other end of the string is attached to the lowest point B of 
the hemisphere. P moves in the same horizontal circle as before (see Fig. 2).

 (iii) Given that the tension in the string is 40 N, calculate the new speed of P. [6]
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6

E

2r cm

D

C

BA

10 cm

 A uniform lamina ABCDE consists of a rectangle ABDE and a semicircle BCD joined along the common 
edge BD. AB = DE = 10 cm and AE = BD = 2r cm (see diagram).

 (i) Show that the distance of the centre of mass of the lamina from AE is

    
r

r r
3 40

4 30 6002

r

r

+

+ +
^ h  cm. [5]

 The lamina is freely suspended from B and hangs in equilibrium. The angle between AB and the downward
 vertical at B is i, where tan 4

1i = .

 (ii) Show that r satisfies the equation

    r r3 1 120 150 02r+ + - =^ h ,

  and hence find r. [5]

7 Two small spheres A and B, of masses 4 kg and 2 kg respectively, are moving in opposite directions along the 
same straight line towards each other on a smooth horizontal surface. A has speed 1 m s–1 and B has speed 
3 m s–1 before they collide. The coefficient of restitution between A and B is e. The directions of motion of 
both A and B are reversed as a result of the collision.

 (i) Find, in terms of e, the speed of each sphere after the collision and hence show that e 8
12 . [7]

 The total loss in kinetic energy due to the collision is 2.5 J.

 (ii) Show that e 8
7= . [4]

 A third small sphere C of mass 3 kg is moving in the same straight line as A and B. After the collision 
between A and B, sphere B subsequently collides with C. The coefficient of restitution between B and C is f, 
and immediately before this collision C is moving with speed 3 m s–1 in the opposite direction to B.

 (iii) The direction of motion of C is unchanged by the collision between B and C, and subsequently B 
collides with A again. Find the set of possible values of f. [5]

© OCR 2017 Contact the Copyright Team, First Floor, 9 Hills Road, Cambridge CB2 1GE.

OCR is part of the Cambridge Assessment Group; Cambridge Assessment is the brand name of University of Cambridge Local Examinations Syndicate (UCLES), which is itself a 
department of the University of Cambridge.
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Question Answer Marks Guidance 

1   cos25T   B1 Seen in a WD equation 

   4000 =  cos25 (75)T   M1 WD = F d  , must have component of T 

   T = 58.8N A1 58.8468… 

    [3]  

2 (i)  

  21
0 55sin 20 (9.8)

2
t t    M1 

Use of 
21

2
s ut at   vert. with 0s   or use of v = u + at with 

v = 0 and double t found or  2 sin /T u g  or use symmetry 

and v = u + at or use OA found from equation of trajectory 

   3.84t  s  A1 3.83900… 

   
(55cos20)OA t   M1 

Use of s ut  horizontally with cv(t) or  2 sin 2 /R u g  or 

use equation of trajectory with y = 0 

          = 198 m A1 198.4114… 

    [4]  

2 (ii)  55cos20xv    B1 51.68309… 

   55sin 20 9.8(2.6)yv     B1 ±6.668892…  

    
2 2

x yv v v   or tan
y

x

v

v
    M1 Use of Pythagoras or relevant trig on cv( )xv  and cv( )yv   

   52.1v  m s
–1

  A1 52.11157… 

   
7.35  below horizontal   A1 

AEF; 7.352494…; direction may be shown on diagram with 

minimum of arrow on resultant or arrows on both components 

    [5]  

3 (i)   

 

 

 

M1 

Moments about A (oe) – 3 terms but 4 terms if components of R 

used. Moments about other points needs a complete method. 

Allow with omission of g. 

    3 cos60 6 ( cos60) 4a mg a kmg aR    A1 A1  A1 for two terms correct 

   

 
3

1 2
8

R mg k    

A1 

[4] 

 

 

 

AEEF 
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Question Answer Marks Guidance 

3 (ii)  sin60X R   B1 Resolving horizontally  

    M1 Resolving vertically, 4 terms, component of R 

   

cos60Y R kmg mg     A1 

Award if taking moments (all relevant forces included) about 

any point (not A).  If Horizontal resolution is replaced this way, 

give M1A1 to either the vertical or a moments equation and B1 

to the other. Similarly if 2 moments equations. 

   
[    
3 3 1

1 2 13 10
16 16

mg k mg k    ] M1 Use of X Y  with cv(R) and  substituted and Y ≠ R from (i) 

   
max

1

2
k    

A1 

[5] 
Allow k ≤ ½  

4 (i)  
Driving force 

23000

v
  or 

23000

8
  B1  

   1200 sin 4g   B1  

   23000
800 1200 sin 4 1200g a

v
     M1 N2L with either 3 or 4 terms  

   8 1.05v a   m s
–2

  A1 1.045553… 

   
steady0 14.2a v   m s

–1
  A1 14.194585… 

    [5]  

4 (ii)  WD by engine = 23000(10.1)   B1 232300 

   WD against resistance = 800(109) B1 87200 

   Change in PE = 1200 (109sin4)g   B1 89416.638… 

   
Change in KE =   2 21

1200 8
2

v    B1 Use of correct formula for KE to get a change in KE 

   
 M1 

Use of conservation of energy, all terms present and no extra 

terms 

   
  2 21

23000(10.1) 1200 8 800(109) 1200 (109sin 4)
2

v g      A1  

   12.5v  m s
–1

 A1 12.522204… 

   

 
[7] 
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Question Answer Marks Guidance 

5 (i)  4
sin

5
   or 

3
cos

5
   or 

4
tan

3
   or  = 53.1° B1 

  is the angle above the horizontal, may be awarded in (ii) or 

(iii) unless different value already used in (i) 

   
sin 0.4R g    M1 

Resolving vertically with mass substituted, angle need not be 

substituted for M1; allow use of their angle including 45° 

   1

2
R g   A1  

    [3]  

5 (ii)  
3r   B1 

May be awarded in (iii) unless different value already used in 

(ii) 

     *M1 N2L with cv(r)  

   
[

24
tan

3 4

g
     ] dep*M1 Substituting for R and    

   

Time   A1 Use of  to obtain AG Correctly shown 

   
 

[4] 

 
 

5 (iii)  1
sin

10
   or 

3
cos

10
   or tan = 1/3 or  =18.4° B1   is the angle below the horizontal  

   sin sin 0.4R T g     M1 Resolving vertically, 3 terms, use of different angles 

     A1 7.4R   

    M1 N2L horizontally, 3 terms, use of different angles, a = v
2
/r or r2

 

     A1 cv(r), do not need a value of R here 

   8.85v  m s
–1

 A1 8.8487287… note that 2.94957...    

   

 

[6] 
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6 (i)  
CoM of semi-circular lamina of radius r is 

4

3

r


 B1 oe, may be unsimplified 

    M1 Table of values idea  

   
210 1 4

2 (10) 10 ...
2 2 3

r
r r



   
     

   
  A1  

   
                                                

21
... 2 (10)

2
r r x

 
  
 

  A1  

   

 

24 30 600
 

3 40

r r
x

r





 



 A1 AG Correctly shown, www. 

   

 

[5] 

 

 

 

 

 

 

 

 

6 (ii)  
tan

10

r

x
 


  M1 Using tan to find a relevant angle; accept reciprocal 

   

2

120 3 1

1200 30 600 30 4 4

r
r

r r r



 

 
 

    
  A1   oe 

     23 1 120 150 0r r      A1 AG Correctly shown 

    M1 Attempt to solve quadratic in r 

   1.14r  only A1 1.1375787… 

   

 

[5] 
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7 (i)   *M1 Attempt at use of conservation of linear momentum 

   4(1) 2( 3) 4 2A Bv v       A1  

   
 *M1 

Attempt at use of restitution equation, must be correct way 

round 

     1 3A Bv v e        A1 Must be consistent with direction used for CoLM 

    dep*M1 Solve simultaneous equations to find vA or vB 

   
 

1
1 4

3
Av e   and  

1
8 1

3
Bv e    A1 AEF, may be unsimplified. 

   1
0

8
Bv e     

A1 

[7] 
AG Correctly shown from correct vB 

7 (ii)  
KE before =     

2 21 1
4 1 (2) 3

2 2
   B1 11 J or  

   

KE after = 
 

2 21 41 1 (8 1)
(4) (2)

2 9 2 9

e e 
   B1ft 

Allow in terms of 1 variable eg vA or vB or e; 

  

   
   

2 22 1 5
11 1 4 8 1

9 9 2
e e       M1 Use KE before – KE after = ±2.5 to get equation in 1 unknown 

   7

8
e    

A1  

[4] 
AG Correctly shown 

7 (iii)  
2( 2) 3(3) 2 3B Cw w      

M1 

 
Attempt at use of conservation of linear momentum, cv(-2) 

   5B Cw w f    

 

M1 

 

Attempt at use of restitution equation, must be correct way 

round, cv(-2) 

   

Use  
w
B

>
3

2  or 
w
C

> 0 

 

f >
1

6
, f <

1

2
 

 

M1 

 

 

 

A1A1 

Dependent on correct NEL and momentum equations with cv, 

correct cv (3/2) leading to f  > a where 0 < a ≤ 1; allow use of 

equality to get an inequality for f; 1 3Bw f   and 1 2Cw f   

      

    [5]  

 


