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1 Achild'stoy consists of auniform solid circular cone, of vertical height 3r and radiusr, and a uniform
solid hemisphere of radius r. The circular bases of the cone and the hemisphere are joined together so
that they coincide. The cone and the hemisphere are made of the same material.

Show that the centre of mass of the toy is at a distance f—g r from the vertex of the cone. [4]
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2 A light elastic string has natural length a and modulus of elasticity 24mg. One end of the string is
attached to afixed point A. The other end of the string is attached to a particle of mass 2m.

(@ Find, in terms of a, the extension of the string when the particle hangs freely in equilibrium
below A. [2]

(b) The particleisreleased from rest at A.

Find, in terms of a, the distance of the particle below A when it first comes to instantaneous rest.

[6]
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3 A particle P of mass mkg falls from rest under gravity. There is a resistive force of magnitude mkv?N,
wherevms ' isthe speed of P after it has fallen adistance xm and k is a positive constant.

(&) By solving an appropriate differential equation, show that
V= 21— ™). 7]
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It is now given that k= 0.01. The speed of P when x becomes large approaches Vms .

(b) (i) FindV correct to 2 decimal places. [1]
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Two uniform smooth spheres A and B of equal radii have masses m and 2m respectively. Sphere B is at
rest on a smooth horizontal surface. Sphere A is moving on the surface with speed u at an angle of 30°
to the line of centres of A and B when it collides with B (see diagram). The coefficient of restitution
between the spheresise.

(a) Show that the speed of B after thecollisionis %u(l + €) and find the speed of A after the collision.
[6]
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5 A particle P of massmis attached to one end of alight inextensible string of length a. The other end of
the string is attached to afixed point O.

(@

The particle P movesin ahorizonta circle with aconstant angular speed » with the string inclined
at 60° to the downward vertical through O (see diagram).

2
Show that ? = = [4]
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(b)
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Theparticlenow hangsat rest adistanceavertically below O. Itisthen projected horizontally so that
it beginsto movein avertical circle with centre O. When the string makes an angle of 60° with the

/2
downward vertical through O, the angular speed of P is Eg . The string first goes slack when OP
makes an angle 6 with the upward vertical through O.

Find the value of cosé. [6]
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6 A particle P isprojected with speed u at an angle a above the horizontal from a point O on a horizontal
plane and moves freely under gravity. The horizontal and vertical displacements of P from O at a
subsequent time t are denoted by x and y respectively.

(a) Derivethe egquation of the trgjectory of P in the form

(b) Thegreatest height of P abovethe planeisdenoted by H. When Pisat aheight of 3H, it hastravelled
a horizontal distance d.

Given that tana = 2, find, in terms of H, the two possible values of d. [6]
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