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. Two frames of reference S and S’ have a common origin O and S’ rotates with a

. constant angular velocity w relative to S. If a moving particle P has its position

vector as r relative to O at time ?, then show that : .
(a) dr _Or wA
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An object of mass m initially at rest is dropped to the earth’s surface from a height
h above the earth’s surface. Assuming that the angular speed of the earth about
its axis is a constant w. Prove that after time ¢ the object is deflected east of the
vertical by the amount
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and show that it hits the earth at a point east of the vertical at a distance
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where ) is the earth’s latitude.




2. (a) Define the following terms:
i. linear momentum;’
il. angular momentum;

iii. moment of force.

(b) With the usual notations, obtain the equations of motion for a system of N

particles in the following form:

N
i Mf,=> Fj
=1

N
(Hint : You may assume Zmiyi = Muy.)
f=1
dH NN, N
il. —di— = Zzi A F,;, where Zhi = H and h; = r; A myy;
=1 =3
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iii. T =T+ = Mvé.
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A uniform sphere of mass m and radius a is released from rest on a plane in-
clined at an angle @ to the horizontal. If the sphere rolls down wifhout slipping,
show that the acceleration of the center of the sphere is a consfant and equal

£

to g gsind.
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3. With the usual notation obtain the Euler’s equations for the motion of the rigid

~ )

body, having a poing-fixed, in the form:
Aduy — (B — C)waws = Ny,
Buy — (C — A)wiws = Ny,
Cwz — (A — B)wyws = Nj.

The principal moments of inertia of a body at the center of mass are A, 34, 6A4.
The body is so rotated that its angular velocities about the axis are 3n, 2n, n
respectively. If in the subsequent motion under no forces, w;, wy, ws denote the

angular velocities about the principal axes at time ¢, show that

9n
w) = 3wz = —=secu and wy = 3ntanhu,
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1
where u = 3nt + 5 In 5.




4. Obtain the Lagrange’s equations of motion using D’Alembert’s principle for a con-

6.

servative holonomic dynamical system.

A simple pendulum consists of a mass m, attached to a massless rod of length [.

A mass m; lies at the point of support and can move on a horizontal line lying in
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With the usual notations, write the Lagrange’s equation for the impulsive motion.

'Two rods AB and BC, each of length a and mass m, are frictionlessly joined at

B and lie on a frictionless horizontal table. Initially both rods are collinear. An

impulse [ is applied at point A in a direction perpendicular to the line ABC. Prove

that, immediately after the application of impulse, the center of mass of AB and

I I
BC has the velocity {0, of and | 0, —— | respectively.
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(a) Define the Poisson bracket.

Show that the Hamiltonian equations of the holonomic system may be written

in the form

(b) i

wt
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Qk:[QkaH]7 p/"u:[pkaH]a

and show that for any function flg, pi, 1), j—i = % +[f, H].
For a one-dimensional system with the Hamiltonian .
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ii.

show that there is a constant of the motion

pq
D= _ g
2

As a generalization of part (i), for motion in a plane with the Hamiltonian
H=|P[" - ar™,

where P is the vector of the momenta conjugate to the Cartesian coordi-

nates, show that there is a constant of the motion
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