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Answer Four Questions Only.

I. (a) In the wasual notation, show that in cylinderical polar coordinates, the velocity and
acceleration of a particle are given respectively by v =rfe, +rfe, +z& and
a={(F-— ré’z)gr +(rf + 2?‘*6")59 +Zk, .

(b) A particle of mass m moves on the smooth inside surface of a parabola of revolution
»* = 4az, whose axis is vertical with vertex downwards. The path of the particle lies exactly

1
between z =« and z = . Show that the angular momentum about the z-axis is m(8azo:ﬁ)5

1
and'that its speed is (2g(a + 3 - ).
Also, show that the reaction }between the particle and the surface when z = a s
mg(a+ ) t

(ala+ )

2. (a) State D’ Alembert’s prinéiple.

(b) Two uniform spheres, each of mass M and radius g, are firmly fixed to the ends of two
uniform rods, each of mass m and length /, and the other ends of the rods are freely hinged
to a point O. The whole system revolves about a vertical line through O with the angular
velocity @ . Show that when the motion is steady, the rods are inclined to the vertical at an

g{M(l+ a)+ (I/Z)ml} .
o { M (I+a) +(3)mi”

angle @ given by the equation cosé =
|
B

- . .0 Cr :
3. (a) Obtain, in the usual notation, the equation a‘% + 2w % %f? =-—gk for the motion of a

particle relative fo the rotating earth.
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(b) A projectile located at a point of latitude A is projected with speed v, in a southward

direction at an angle ato the};horizontal. Choosing a suitable set of axes, write down the
equation of motion for the projectile. Use it to find the position of the projectile after time
t. Prove that afier time ¢, the projectile will be deflected towards the east of the original -

vertical plane of motion by the amount w;:ai gcos At - @V, sin{o + A) % approximately.

4. (a) With the usual notation, show that the Lagrange’s equations of motion for a conservative
ol | oL

. . . . d
system with holonomic constraints are given by —{—) —
e Gqf

— 0, j=L2...,n
dr| 0g,

" (b) The double pendulum consists of two bobs of masses =, andm, at ends of two weightless
rods of lengths /, and /, and one of them is fixed to a rigid suppoit as shown in figure.

DD,

m,

(i)Show that the kinetic energy 7 of the system is given by

T= ]E(m, +m, ) I}6] +%m2l;922 +m, 11,68, cos(6, - 8,)
(i)} Show that the potential enegfgy V of the system is given by
i i 7
V =—(m +m,) gl cos 6?1!— m,gl, cos 8,
(iii) Hence obtain the Lagrangian of the system.
(iv) Show that the Lagrange’s equations of motion can be written as

(m, +m) 126, +myl 1,8, cos(6, — ) ~mLL,6; sin(6, —6)+(im, + m,) gl sin 6, = 0 and

m 20, +m L6, cos(8, —6,)+m,l1,07 sin(0, —6)+m,gl, sin 0, = 0.
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5. (a) Derive Euler's equations of motion for a rigid body rotating about a fixed point.

(b-)_ If a body moves under no forces about a point O and if H is the-anguléf momentum about
O and T the kinetic energy of the body then show that 77 and T are conserved.

(c) If a rectangular parallelepiped with its edges 24,24,2b rotates about its center of gravity
under no forces. Prove that, its angular velocity about one principal axis is constant and is
periodic about the other axis. |

|
6. (a) Define the IHamiltonian H of a holonomic system and detive in the usual notation,
. . . OH oH . '
Hamilton's equations of motion, P =q,, -5; =—p;

(b) The Hamilton's of a dynamical system is given by
_— 2 32
H =g, -4, P, -4, *b%

where a, b are constants. Find ¢, ¢,, p, and p, attime ¢.







