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1. Obtain the radial a nd transverse components of acceleration of a particle, which describes the

plane curve r = f(0), in the form # —r6?, Gd(rzé)/dt).

A particle P of mass m is attached to a rixed point 0, by a light inelastic string of length . The
string is taut and P is held at rest with OP making an angle a < [g] with the downward

vertical. If the particle is given a velotity u horizontally, show that in the usual notation, when,
OP, makes an angle 6 with the downward vertical,

12(0% + sin?09?) — 2lgcosd = u* — Igcosa and Isin?0% = usina.

- Hence show that

2
EZGZ = (cosa — cosf) [ﬂw Zlg].

2. (a) Find the moment of inertia of a uniform rod of mass M and length 2a about an axis passing
through one end perpendicular to the rod.

(b) A uniformrod 4B oflength 2a and mass m is free to rotate in a vertical plane about the
point C on the rod where AC = x(< a). Find the moment of inertia of the rod about ‘C.
If the rod is released from the rest from a horizontal position taking moment of forces acting

on the rod about C, and hence integrating the equation thus obtained, show that, during the
subsequent motion,

52 _ 6g(a—x)sind

= —, where @ is the angle between the rod and the horizontal.
a” +3(a—x)"
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(a) State clearly what is meant by the statement that two systems S;and S, are equimomental.

(b) State and prove a set of necessary and sufficient conditions for two systems of particles to be

equimomental.

(c) ABCD is a uniform parallelogram of mass M. Show that, the parallelogram is equimomental
with the system of four masses % which are placed at mid points of the four sides and a

M. ; . . .
mass — which is placed at the point of intersection of diagonals.
(a) In the usual notation show that % = L AR .
(b) Find the moment of inertia of a circular disc of mass M and radius a about an axis passing
through its center and perpendicular to the disk.

(¢) A circular lamina of weight W and radius a can turn freely about a horizontal axis which
passes through a point

0 of'its circumference and is perpendicular to its plane. The motion commences when the
diameter through O is vertically above O.Show that, when the diameter is turned through

an angle 6, then components of strain at O along and perpendicular to this diameter are

. W(7cosf—-3 W (sing
respectively sy 3 and )

5. (a) In the usual notation, for a plane lamina, [, = 4,1, =B, and I, = H with respect

to two perpendicular axes Ox, Oy in the plane of a lamina.

Obtain the formula / = Acos® @ — 2H sin@cos@ + Bsin? @ for the moment of

inertia / of a lamina about the line y = xtan@ lying in the plane of the lamina .

(b) Show that, if the principal axes of above lamina is inclined an angle 8 to Ox

then tan 26 = ..

B-4A"
(c) Show that an extremity of the bounding diameter of a uniform semi-circular lamina the

al. 3 1 - 8 . p
principal axis makes an angle Stan 1 (;T) with the diameter.
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6.

(a) Find the moment of inertia of a uniform solid sphere of radius a and mass M about its

diameter.

(b) Show that, in the usual notation, the kinetic energy of a rigid body moving parallel to a
fixed plane, is given by

_1 AR S
T—ZMVG+2M).

(c) Velocity of the center of a uniform solid sphere of mass M and radius a rolling

7. (a)

(b)

(a)
(b)

without sliding along a straight line on a smooth horizontal table is given by v.

Show that the total kinetic energy of the sphere is (173) Mv?.

The direction cosine of a straight line with respect to a Cartesian coordinate system
with the origin O, is given by [[,m, n]. In the usual notation, using moments of inertia
A, B, C and products of inertia £, F, G, show that the moment J; of a mass distribution
About the above straight line is given by the following equation,

I, = Al? + Bm? 4+ Cn? — 2Fmn — 2GIn — 2HIm.

Show that the momental ellipsoid at a point of the rim of a hemisphere is

2x2 +7(y* + z2) — (1:5) xz = constant.

Define the angular momentum /7, of a system of particles about a point O .

Show that, in the usual notation, for a rigid body rotating with an angular velocity
@ about an axis through O , H can be written as H, = Zm,{rf@— (r,.o)r,].

Show also that, in the usual notation, the components H_, ,-H. of H, along
three rectangular Cartesian axes at O can be expressed as

H) (4 -F -EYo,

H/(\=|-F B -D|o,
H,) \F-E -D C o,
i







