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Attempt All questions, selecting mwo ‘parts of each question.

Symbols have their usual meanings.

L. (@) For a particle moving along a plane curve, derive the
radial and transverse components of velocity and

acceleration at any time t. 5
(b)) A bead of mass m slides on a smooth wire in the form
of a parabola with axis vertical and vertex downwards.

If the bead starts from rest at the end of the latus

rectum (of length 4p), find the speed with which it passes
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through the vertex. Find also the reactions of the wire

on the bead at this point. 5

A point moves so that it always has a velocity

~ compounded of V, parallel to a fixed line and V, in

the transverse direction perpendicular to OP, where O
is a fixed point. Prove that its orbit is a conic having
O as focus and discuss the cases V; > V,, V, <V,

V, =V, 5

A particle of unit mass is projected with velocity V
and inclination o in a medium whose resistance is
k times velocity. Show that if k is small the path of

the particle is approximately

Y = x tan o — gx22V? cos?o. — kg3 /3V3cosda. 5
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A shell is fired vertically upward with speed v,. The
resistance in mgcv? show that it attajns its greatest

height at time ¢ given by tan (g t/zc) = Vo+/c-

Deduce that no matter how large v, may be ¢ cannot

| : :
exceed Eng e, 5

A particle bf mass m oscillates on a line with natural
period 27/n. If an applied periodic force f cos pt now
acts in the line so that the particle is instantaneously
at rest at zero time at a distance d from the centre
of oscillatioﬁ, prove that the displacement of the particle

at a subsequent time ? is

d cos nt + flcos pt — cos nf)l(n* — pHm. S

PTO
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Derive the first order differential equation of the central

orbit. : 4%

If P = pu@? - aw®) where ¢ > 0 and a particle is
projected from an apse at a distance @ from the centre
of force with a velocity (uc/az)m, where a > ¢, prove
that the other apsidal distance of the orbit is

ala + o)(a - ¢) and find the apsidal angle. 4

A particle of mass m moves in a central orbit under
the force P = mkr‘ze“’z, where & is a constant. Prove

that a circular orbit of radius r is stable if and only

] .
ifr2<5. 4y,

Derive an expression for kinetic energy of a rigid body
with a fixed point rotating with constant angular

velocity (3 . 4%
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A square of side a has particle of masses m, 2m, 3m,
4m at its vertices. Show the principal axis that the

principal moments of inertia at the centre of the square

_are 2ma®, 3 ma?, 5 ma® and find the directions of the

principal axes. 4%

A rod of length 24 and mass m turns about one end
O describing al cone with semi-vertical angle a. It
completes a revolution in time T. Find the magnitude
and direction of the angular momentum of the rod

about O. 4,
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