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1.                Figure 1 
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 A square frame ABCD consists of four identical uniform rods rigidly joined together at their 

ends. Each of the rods has mass m and length 2a. The frame lies at rest on a smooth horizontal 
table. A horizontal impulse of magnitude J is applied to the frame at A in the direction AB as 
shown in Figure 1. The moment of inertia of the frame about an axis through its centre and 

perpendicular to its plane is 
3

16 2ma
.  

 
 Find the speed of the mid-point of BC immediately after the impulse has been applied. 

 (8) 

 
2. A uniform thin hollow sphere, with centre O, is released from rest on a rough plane inclined at 

an angle  to the horizontal. The coefficient of friction between the sphere and the plane is . 
The sphere rolls down the plane without slipping. 

 
 (a) Show that   5

2 tan . 

 (10) 

 (b) Find the acceleration of O down the plane. 
(2) 
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3.            Figure 2 
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 A ball is projected with speed U at an angle  to the horizontal from a point O on horizontal 

ground. The ball hits a smooth vertical wall which is at a distance d from O, as shown in 
Figure 2. The ball moves in a vertical plane which is perpendicular to the wall and the 
coefficient of restitution between the ball and the wall is e. After hitting the wall, the ball hits 
the ground for the first time at O. 

 
 Show that  
 

 (a) the total time for the ball to travel to the wall and back to O is 
g

U sin2
, 

(4) 

 (b) U 2 sin 2 = gd 





 

e

1
1 . 

(8) 

 
4.             Figure 3 
 
 
 
 
 
 
 
 
 
 
 
 The vertical cross-section of a smooth surface is in the shape of a curve with intrinsic 

equation s = a tan , where a is a positive constant. The y-axis is vertically downwards and 
the highest point A of the curve has cartesian coordinates (0, a), as shown in Figure 3. 
A particle P is released from rest from the point A and slides down the surface along the 
curve. 

 
 Show that P leaves the surface at the point on the curve where the tangent to the curve makes 

an angle 
3


 with the horizontal. 

(12) 
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5.              Figure 4 
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 A particle P of mass 2 kg moves on a smooth horizontal table. At time t, the position of P is 

specified by polar coordinates (r,  ) with pole O, where OP = r metres and O is a fixed point 

on the table. The particle moves under the action of a horizontal force F, of magnitude 
2

10

r
 N, 

which is always directed towards O. When t = 0, P is projected from the point A, with polar 
coordinates (5, 0). The speed of projection is 1 m s–1 in a direction making an angle  with the 
line OA, where tan  = 3

4 , as shown in Figure 4. 

       

 (a) Show that r2

td

d
 = 4. 

(4) 

 (b) Find the values of r for which P is moving at right angles to F. 
(10) 

 
6. A particle P of mass m moves along a plane curve with polar equation 

r = a sec2 
2


, 

 where a is a positive constant. The particle P moves in such a way that its transverse 
component of velocity, u, is constant. 

 
 (a) Show that the magnitude of the horizontal radial component of velocity of P has 

magnitude 
2

tan


u . 

(5) 
 

 Find, in terms of u, a and , 
 
 (b) the radial component of acceleration of P, 

(4) 

 (c) the transverse component of acceleration of P. 
(2) 

 
 The curve is fixed in a horizontal plane. Given that the resultant horizontal force acting on P 

is F,  
 
 (d) show that F has constant magnitude, 

(4) 

 (e) indicate, on a sketch, the direction of F when  is acute. 
 (2) 
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