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A particle P of mass m, moving in the x-y plane, is subject to a force —6matj, where ¢ is time and a is
a positive constant. Initially the particle is at the origin and has velocity 2ai.

(i) Find the velocity of P at time ¢ and show that the position vector of P at time 7 is r = a(2ti — I j).

[7]
(ii) Find the cartesian equation of the path of P and sketch the path for ¢ > 0. [5]
(iii) Find the power of the force at time 7. [2]

(iv) Hence find by integration the work done in the interval O < # < 2. Verify that this is equal to the
change in kinetic energy of P. [6]

An aircraft flies with a constant speed relative to the air (air speed) of 250kmh™'. On a particular
day, the wind blows at 20kmh™! from the south-west. The aircraft takes off at noon and flies from
airport A to another airport B which is 200 km due south of A.

(i) Draw a relative velocity diagram for the aircraft and hence find the speed of the aircraft relative
to the ground (i.e. its ground speed). [7]

A second identical aircraft also takes off at noon and flies at the same air speed from airport B to
another airport C due east of B. The wind still blows at 20 kmh™! from the south-west.

(ii) Draw a relative velocity diagram for the second aircraft and hence find the ground speed in this
case. [6]

(iii) Find the shortest distance between the two aircraft and the time taken to reach this position. [7]

A particle is moving in a plane. Unit vectors in the radial and transverse directions are  and )
respectively.

A

di 4 6 .
(i) Using the results d_: = 600 and Pl —0ft, derive an expression for the velocity of the particle and
. 1d ‘A
show that the acceleration is (¥ — r92)f + — T ( r29)9. [7]
r
The particle is subject to a force —mkr where k is a positive constant.
(ii) Show that %0 is constant. [3]

(iii) Denoting the constant value of 20 by A, find # in terms of r, k and & and hence show that

. h* , _
P = —kr? - - + A, where A is an arbitrary constant. [6]
r

(iv) Hence find the speed of the particle in terms of r, k and A. [4]
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A solid cylinder of radius a, length a and mass M has density p which varies with radius » according
2

r .
to the formula p = pO(l - —2) where p, is a constant.
a

(i) Show that M = 7mp a’. [6]
(ii) Find the moment of inertia of the cylinder about its axis of symmetry in terms of M and a. [6]
A uniform disc has radius a and mass m.

(iii) Assuming that the moment of inertia of this disc about the axis perpendicular to its plane through
1

its centre is zmaz, deduce its moment of inertia about any diameter.
When the disc is rotated about a diameter with angular speed ®, its kinetic energy is £E. When
the cylinder is rotated about its axis of symmetry with angular speed 3w, its kinetic energy is 2E.

Find m in terms of M. [8]
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