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1	 A and B are two points on a line of greatest slope of a smooth inclined plane, with B a vertical distance of 
8 m below the level of A. A particle of mass 0.75 kg is projected down the plane from A with a speed of 
2 m s−1. Find

	 (i)	 the loss in potential energy of the particle as it moves from A to B, [2]

	 (ii)	 the speed of the particle when it reaches B. [4]

2	 The power developed by the engine of a car as it travels at a constant speed of 32 m s−1 on a horizontal road 
is 20 kW.

	 (i)	 Calculate the resistance to the motion of the car. [3]

	 The car, of mass 1500 kg, now travels down a straight road inclined at 2° to the horizontal. The resistance to 
the motion of the car is unchanged.

	 (ii)	 Find the power produced by the engine of the car when the car has speed 32 m s−1 and is accelerating at 
0.1 m s−2. [4]

3
A

B

C

P N

4 cm

θ°

	 A uniform semicircular arc ACB is freely pivoted at A. The arc has mass 0.3 kg and is held in equilibrium by 
a force of magnitude P N applied at B. The line of action of this force lies in the same plane as the arc, and is 
perpendicular to AB. The diameter AB has length 4 cm and makes an angle of i° with the downward vertical 
(see diagram).

	 (i)	 Given that 0i = , find the magnitude of the force acting on the arc at A. [6]

	 (ii)	 Given instead that 30i = , find the value of P. [4]
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4	 A solid uniform cone has height 8 cm, base radius 5 cm and mass 4 kg. A uniform conical shell has height 
10 cm, base radius 5 cm and mass 0.4 kg. The two shapes are joined together so that the circumferences of 
their circular bases coincide.

	 (i)	 Find the distance of the centre of mass of the shape from the common circular base. [4]

� cm �� cm

	 The object is suspended with a string attached to the vertex of the cone and another string attached to the 
vertex of the conical shell. The object is in equilibrium with the strings vertical and the axis of symmetry of 
the object horizontal (see diagram).

	 (ii)	 Find the tension in each string. [4]
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5	 A vertical hollow cylinder of radius 0.4 m is rotating about its axis. A particle P is in contact with the 
rough inner surface of the cylinder. The cylinder and P rotate with the same constant angular speed. The 
coefficient of friction between P and the cylinder is n .

	 (i)	 Given that the angular speed of the cylinder is 7 rad s−1 and P is on the point of moving downwards, 
find the value of n . [5]

	 The particle is now attached to one end of a light inextensible string of length 0.5 m. The other end is fixed 
to a point A on the axis of the cylinder (see diagram).

��4 m

��� m

A

P

	 (ii)	 Find the angular speed for which the contact force between P and the cylinder becomes zero. [5]

6

A

4 m s±1

0.2 kg m kg

u m s±1

B

	 The masses of two particles A and B are 0.2 kg and m kg respectively. The particles are moving with constant 
speeds 4 m s−1 and u m s−1 in the same horizontal line and in the same direction (see diagram). The two 
particles collide and the coefficient of restitution between the particles is e. After the collision, A and B 
continue in the same direction with speeds 4(1 )e e2- +  m s−1 and 4 m s−1 respectively.

	 (i)	 Find u and m in terms of e. [6]

	 (ii)	 Find the value of e for which the speed of A after the collision is least and find, in this case, the total 
loss in kinetic energy due to the collision. [5]

	 (iii)	 Find the possible values of e for which the magnitude of the impulse that B exerts on A is 0.192 N s.
 [4]
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	 The diagram shows a surface consisting of a horizontal part OA and a plane AB inclined at an angle of 70° 
to the horizontal. A particle is projected from the point O with speed u m s−1 at an angle of i° above the 
horizontal OA. The particle hits the plane AB at the point P, with speed 14 m s−1 and at right angles to the 
plane, 1.4 s after projection.

	 (i)	 Show that the value of u is 15.9, correct to 3 significant figures, and find the value of i . [7]

	 (ii)	 Find the height of P above the level of A. [3]

	 The particle rebounds with speed v m s−1. The particle next lands at A.

	 (iii)	 Find the value of v. [5]

	 (iv)	 Find the coefficient of restitution between the particle and the plane at P. [1]



4729 Mark Scheme June 2013 

6 

 

Question  Answer Marks Guidance 
1  (i) 0.75 × g × 8 M1 Weight × distance 
   58.8 J A1 Allow –58.8 
    [2]  
1  (ii)  *M1 Attempt at change in KE 
   +/–(½ × 0.75 × v2 – ½ × 0.75 × 22) A1  
   ½ × 0.75 × v2 – ½ × 0.75 × 22 = 58.8 dep*M1 Equate their change in KE to their PE from (i) 
   v = 12.7 m s–1 A1  
    [4]  
 OR (ii) a = gsinT B1 T� is angle of slope to horizontal. 
   s = 8/sinT B1 �
   v2 = 22 + 2 × gsinT × 8/sinT M1 �
   v = 12.7 m s-1 A1 Not a = g, not s = 8�
    [4] �
2  (i) 20000/32 B1  
   R = 20000/32 M1  
   R = 625 N A1 cao 
    [3]  
2  (ii)  M1 Using Newton 2, all forces used. 
   F + 1500gsin2 – 625 = 1500 × 0.1 A1ft ft their R from (i) SC F – 1500gsin2 – 625 = 1500 × 0.1 
   Power = 32 × F M1 Using their F. 
   Power = 8380 W or 8.38 kW A1 8383.27…. SC 41200 W or 41.2 kW (41216.7…) 
    [4]   
3  (i) xG = (2 × 2)/S  B1 xG = 1.2732….  May be seen in (ii), mark only once. 
    *M1 Take moments about A or B 
   P(or X) × 4 = 0.3g × xG A1ft P = 0.9358…..  ft their xG for this mark. 
   Y = 0.3g B1  
   Use R2 = X2 + Y2 to find R dep*M1  
   R = 3.09 N A1  
    [6]  
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Question  Answer Marks Guidance 
3  (ii)  M1 Attempt at moments, force × distance = 0.3g × distance 
   P × 4 = A1  
   0.3g × (2sin 30 + xGsin 60) A1 0.3g × 2.1026…… 
   P = 1.55 A1 1.545453……. 
    [4]  
4  (i)  M1 Table of moments idea. Moments about other axes acceptable 
   4.4xG = 4 × ¼ × 8 A1  
             – 0.4 × 1/3 × 10 A1  
   xG = 1.52 cm A1 Allow 50/33 
    [4]  
4  (ii)  M1  
   Tshell × 18 = 4.4g × (8 – 1.52) or Tcone × 18 = 4.4g × (10 + 1.52) A1ft Or any other correct moment equation. ft on xG from (i) 
   Tshell + Tcone = 4.4g M1 May use a second moments equation 
   Tshell = 15.5 and Tcone = 27.6 A1 For both 
    [4]  
5  (i) Vertical force = mg *B1  
   Horizontal force = m × 0.4 × 72 *M1A1  
   Uses vertical force = P × horizontal force dep*M1 Dependent on B1 and M1 
   P  = 0.5 A1 If a value for m used B0M1A0M1A0 max. 
    [5]  
5  (ii) mg = T × 0.3/0.5 B1  
    *M1 Resolve T and equate to mass × (rZ2 or v2/r) 
   m × 0.4Z 2 = T × 0.4/0.5 A1  
   Solve for Z or v  dep*M1  
   Z  = 5.72 rad s–1 A1 allow 7√6/3   If a value for m and/or T used B0M1A0M1A0 max. 
    [5]  
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Question  Answer Marks Guidance 
6  (i)  M1 Use of restitution, may have sign errors, must be correct ratio (v/u) 
   4 – 4(1 – e + e2) = –e(u – 4) A1  
   u = 4e A1 oe 
    M1 Use of conservation of momentum 
   mu + 0.2 × 4 = 0.2 × 4(1 – e + e2) + 4m A1  
   m = 0.2e A1 oe 
    [6]  
6  (ii) Valid method to find e that gives the least speed M1 Differentiate vA and equate to 0 or complete the square on vA 
   Get e = ½ A1 www  
    M1 Difference of KE with 4 terms 
   ½ × 0.2 × 42 + ½ × 0.1 × 22 – (½ × 0.2 × 32 + ½ × 0.1 × 42) A1 Must have found the value of e from a legitimate method. www 
   (+/– ) 0.1 J A1 SCM1A1 Loss of KE = 8e(1 – e)3/5 or 8e(1 – 3e + 3e2 – e3)/5 or 

8e/5 – 24e2/5 + 24e3/5 – 8e4/5  
    [5]  
6  (iii)  *M1 Attempt to use impulse = change in momentum on one particle 
   0.2e(4 – 4e) = 0.192 or 0.2(4 – (4 – 4e + 4e2)) = 0.192 A1  
   Solve three term QE in e  dep*M1 method should lead to 2 real values for e 
   e = 0.4 or 0.6 A1 For both 
    [4]  
7  (i) ucosT  = 14cos 20 B1 Ux =13.15... Horizontal component of initial velocity, could use Ux 
    M1 Complete method to find vertical component of initial velocity, 

could use Uy 
   –14sin 20 = usinT  – 1.4g A1 Uy = 8.9317…… 
   u2 = (1.4g – 14sin 20)2 + (14cos 20)2 M1 Method to find u 
   u = 15.9                                          AG A1  cwo 
   tanT  = (1.4g – 14sin 20)/14cos 20 M1 Method to find T or a relevant angle 
   T  = 34.2 A1 SC M1A1 for – tan20= (usinT  – 1.4g)/ucosT  OR  

142 = (usinT  – 1.4g)2 + (ucosT )2 B1M1A1 for both. 
    [7]  
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Question  Answer Marks Guidance 
7  (ii)  M1  Method to find Level of P above A 
   ½ m(15.92 – 142) = mgy A1  
   y = 2.9 m A1  
    [3]  
 OR (ii)  M1 Use constant acc formulae, a complete method needed. 
   (14sin20)2 = (15.9sinT�)2 – 2gs or s = 15.9sinT × 1.4 – ½g × 1.42 A1ft ft their T from (i). no T value used then M1A0. 
   s = 2.9 m A1  
    [3]  
7  (iii) –2.9 = vsin20.t – 9.8t2/2 B1ft ft their 2.9 
   2.9tan20 = vcos20.t B1ft ft their 2.9 
   Eliminate t to obtain equation in v only M1 Eliminate v to obtain equation in t only and solve for t  
   Solve for v M1 Substitute t to find v 
   v = 1.37 A1  
    [5]  
 OR (iii)  M2 Using equation of trajectory method. 
   –2.9 = (2.9tan20) × tan20 – g(2.9tan20)2/2v2cos220 A1ft  
   Solve for v M1  
   v = 1.37 A1  
    [5]  
 OR (iii) 2.9/cos 20 = ½gcos20 × t2 B1ft  
   0 = vt – ½gsin20 × t2 B1  
   Eliminate t M1 t = 0.817 
   Solve for v M1  
   v = 1.37 A1  
    [5]  
7  (iv) e = 0.098 B1ft ft their v from (iii), must be v/14. 
    [1]  
 
 


