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1. Prove that the velocity Ei%’ relative to the fixed frame, of a particle P in a
rotating frame can be written in the form
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where w is the angular velocity of the rotating frame and 6—; is the velocity

of P relative to the rotating frame. Hence show that the acceleration of P is

given by
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If a projectile is fired due east from a point on the earth’s surface at the
northern latitude A , with a velocity of magnitude Vp and at an angle of
inclination @ to the horizontal, show that the lateral deflection d, when
the projectile strikes the earth, is given by

4V;3 , _

d = —wsin Asin® a.cos a,
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where w is the angular velocity of the earth, terms of O(w?) being negligible.
If the range of the projectile is R for the case w = 0, show that the change of
range due to the rotation of the earth is

(503
AR = %wcos)x{cot%a—%tan%a}.
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2. (a) With the usual notation, obtain the equations
dH ZN-
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i. ———- = ZI_%! A F; for a system of NV particles moving in space.
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(b) A sphere of mass m and radius b is at rest upon a fixed sphere-of radius
a(>b). The upper sphere is moved slightly to roll under the influence of
gravity.The coefficient of static friction is y, > 0, the coefficient of sliding
friction is 4 = 0. At time t, 0 is the angle of inclination of center of the
upper sphere relative to the vertical axis through the center of the fixed

sphere.

1. Write the equation of the motion in terms of § and @ for the motion

of the sphere rolls without shppmg

ii. Find 6 in terms of 6, '
iii. Solve this equation for 6(t), assuming 0 < 0(0) < 9(1&) You may use

the relation
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. With the usual notation obtain the Euler’s equations for the motion of a

body, with one point fixed, in the form:

AL:JL — (B P O)wgw;g = Nl,
Buwy — (C — A)wyws = Na,
CL'LJ3 = (A = B)w1w2 = Ng.

A solid consists of two equal uniform right circular cones each having height

b and with their vertices rigidly jointed at O such that their axes in the same

II
straight line, the vertex angle of each cone being 5
" If O is fixed and the solid is set to rotate about a common generator of the

cones with angular velocity (2, under no forces except gravity and reaction at
1000v/2
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if the principle moments of inertia are A = B = ;le2 andic = fﬁMbg' '

0, show that the solid will rotate about the same generator after a time

"

4, Obtain the Lagrange’s equation from the D’Alembert principle for a holonomic
system.

A sphere of mass M and radius R rolls without slipping down on the inclined
plane of a wedge shaped block of mass m that is free to move on a frictionless

horizontal surface.

a) Find the Lagrange’s equations for this system subject to the force of
y

gravity at the surface of the earth.
(b) Find the motion of the system by integrating Lagrange’s equations, given
that all objects are initially at rest and the center of the sphere is at a

distance H above the surface.



5. (a) Define the Hamiltonian of a holonomic system in terms of its Lagrangian,

Consider the System of particles my, my (my, = M) connected by a

weightless rope of length { with m; €onstrained to move on the frictionless
surface of an upright cone of half angle a and m, hanging freely inside

the cone while the Tope passing through a small hole at the top of the
cone.

i. Write down the La,grang_ian of the system.

ii. Find the Hamiltonian function of the system.

(b) Define the Poission bracket,

With the usual notation prove that

L [fig+h =[fg] +[f n],

6. With the usyal notations, derive Lagrange’s equation for the impulsive motion

from Lagrange’s equations for a holonomic System in the following form

aT) or )
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‘A square ABC'D formed by four equal rods, each of length 21 and mass m

joined smoothly at their ends, rests on a smooth horizontal table, An impulse

of magnitude 7 is applied to the vertex A in the direction AP

(a) Find the equation of motion of the frame,

(b) Show that the kinetic energy of the square immediately after the
alr#

application of impulse is —.
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