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1. Two frames of reference S and S’ have a common origin O and $' rotates with
an angular velocity w relative to S. If a moving particle P has its position

vector as r relative to O at time ¢ show, by carefully defining the derivative,

that
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A projectile located at a point O co-latitude X is fired with velocity vo in a

southward direction making an angle a with the horizontal.

(a) Find the position of the projectile after time ¢,

(b) Prove that after time ¢ the projectile is deflected towards the east from

its original vertical plane of motion by the amount

1 :
Zwgsin At® — wwg cos(a — N)i?,



(c) Prove that when the projectile returns to a point on the horizontal plane

through O, at a distance

deond ain? o . |
wv;:;n ={3cosa cos A+ sinarsin A}

to the west of the point of projection,

2. With usual hotations, obtain the equations cf motion for a system of v par-

ticles in the following foi-ms;

dHg

™ and center C rolls down the face Xy 2z causing the tetrahedron tg acquire

a velocity V¥ where J 18 the unit vector along OY . If 53 = r, then. prove that
(M +-m)V =mri g = constant,

and that
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where f = g+ 1;"_3: and g'is the acceleration of gravity.



3. (a) With usual notations, show that, for the motion of a top with its tip on
a perfectly rough horizontal floor,

s+ Q;‘»cds 0 = constant = n,

Agsin® @ + Cn cosd = constant = k,

A(D? + ¢ sin 9) + 2mgh cosd = constant,

where s is the spin angular velocﬂ:y of the top.
, (b] Let u = cosf. Prove that

L 07 = (a = Bu)(L— ) = (v = 50)* = [(u) (say N>,

2E — Cn? 2mgh
where g = ———— B= —— 4=
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st = | \/_.. + constant.

he usual notations, obtain Euler’s equations of motion for a rigid body
' a point fixed, in the following form:

Auwn — (B — Clwaws = M,

Bin— (C — Awiws = M,

Cws — (A — B)unws = M.
onsist of two equal uniform right circular cones each having height
tex angle right angle, rigidly joined at the vertex O, such that their
he same straight line.
ixed and the solid is set to rotate about a common generator of cones
ar velocity w under no forces except gravity and the reaction at

1at the solid will be rotate about the frame generator after a time

principal moment of inertia A = B = z-Mbg and C = -I%sz.



- Deduce Lagrange’s equations for impulsive‘mation.-'fmm-L&grang?e’s equation

for a holonomic system of the form

ar (aT :
=) —ls=) =, = 1,2

where subscript 1 and 2 denote quantities before and after application of the
impulsive motion.

A uniform rod AB of length land .ma.sa m is at rest on a horizontal smooth

table. An impulse of magnitude I is applied to one end A of the peri:endicula.z

to it. Prove that, immediately after the application of impulse,

(a) the one end 4 of the rod AB has the velocity of magnitude %‘I:

(b) center of mass of the rod AB has the velocity of magnitude n_-I:’

(c) the rod rotates about the center of mass with angular velocity of magni.
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(a) Define Poission bracket.
Show that, for any function F(p;, q5,1),
Sl B
Vil
where H is s Hamiltonian, :

(b) With the usual notations, prove that:

(c) Show that, if f and g are constants of motion then their Poission bracket

[, 9] is a constant of motion.



