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A particle P of mass m moves with constant speed u along a curve with intrinsic equation

s=alnsec y,0< y< > where a is a positive constant.

Find the magnitude of the resultant force acting on P at the point where s =a In 2.

(8)

A uniform hollow cylinder, without ends, has mass m and radius a. A particle P of mass m is
attached to the surface of the cylinder which is free to roll on a rough horizontal table. Initially
the cylinder is at rest with P at its highest point. It is then displaced slightly and the cylinder rolls
along the table without slipping. Using the principle of conservation of energy, or otherwise, find
the speed of P when the cylinder has turned through one right angle.

(10)

Figure 1
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A car is moving in a straight line with speed U. The car is modelled as a uniform horizontal
rectangular lamina ABCD of mass M, where CD =2a and AD = a, moving on a horizontal plane
in the direction AB. The car is involved in a collision which is modelled as an impulse of
magnitude J acting on the lamina at the point B in the direction BA, as shown in Fig. 1.

(a) Show that the moment of inertia of the lamina ABCD about a vertical axis through its centre
is 2 Ma’,
(©)
It is assumed that after the collision there are no forces acting horizontally on the car. Given that
J<MU,

5ma(MU —J)

(b) show that, while it turns through one right angle, the car travels a distance 123

(8)
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A particle P moves in a plane and at time t the polar coordinates of P, relative to a fixed pole O
and a fixed initial line in the plane, are (r, 8). At time t the radial velocity component of P is

. . .2 .
u sin #and the transverse velocity component of P is <ua , Where u and a are positive constants.
r

When t =0, P is on the initial line and OP = a.

2a

(a) Show that the polar equation of the path of Pisr= ———.
1+ cosd)

(8)
(b) Find the speed of P when OP = % a.
()

A particle P of mass m moves in a plane. At time t the polar coordinates of P are (r, @), relative
to a fixed pole O and a fixed initial line in the plane. The only force acting on P has constant
magnitude km and is always directed towards O. When t = 0, P is at the point A, where OA = a,
and is moving in a direction perpendicular to OA with speed U.

2 2
(a) Showthat F=22 .
r
8)
Given that U = 1 V(ak),
_ 2 _ _ 2
(b) show that r2 = K@ =NEr —ar-a;)
ar
(7
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Figure 2

A small stone is projected with speed 7 m s™ at an angle of 45° to the horizontal from a point O
on horizontal ground. The point O is 4 m from the foot A of a sloping bank which is inclined at
an angle of 45° to the horizontal. The stone moves in a vertical plane through a line of greatest
slope of the bank and strikes the bank at the point B, as shown in Fig. 2. The stone is modelled as
a particle moving freely under gravity. Find, to 2 significant figures,

(a) the distance AB,
(12)

(b) the speed of the stone as it strikes the bank.
(4)

END
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