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SECTION "B''
[5Q , 4:20 marks]

U
OR

Set up Lagrangian equation for an Atwood's machine and find an expression for its
acceleration.

2' A refbrence trame 'r' rotates with respect to inertial reference frame 's' with the (constant)
angular velocity (D . If the radius vector, velocity and acceleration of a particle of mass 77 in
frame or' are represented by i , V, and d, respectively, show that the equation of motion in
the inertial system is given byF- 2m(dx v,)- matx(dtxi) : mo,.

3' Show that if a particle describes a circular orbit under the influence of an attractive central
force directed towards a point on the circle, then the force varies as the inverse-fifth power ofthe distance.

OR
Prove Kepler's.third law: The square of the periods of the various planets are proportional to
the cube of their respective semi major axes with different proportionality constant.

4' What is the Hamiltonian function? Derive the canonical equations of Hamilton.

5' Suppose that the moments and products of inertia of a rigid body R with respect to an xyz
coordinate system intersecting at origin o are Iu,Iry,lu,I*,,,1,,,1r. respectively. prove that
the moment of inertia of R about an axis making angles d,B,y with the x,yandzaxes
respectively is given by

I = I,,cos' a + ^/,,,, cos2 0 + I.= cos, y

+2l,rcosa cos 0 + 1,. cosrz cosy + f- cos p cosy.

SECTION "C"
[5Q * 7 =35 marks]

A particle moves in a plane under the influence of a force, acting toward a centre of fbrce,
whose magnitude is

o = 1[, -i.:a].r-( c' )
where r is the distance of the particle to the centre of force. Find the generalized potential that
will result in such a force and from that the Lagrangian for the motioi in a plane.

obtain Euler's equations of motion for a.rotating rigid body with a fixed point. From Euler,sequations of motion for a rigid body, having no Jxtelal torque about a fixed point, prove that
T =!l,atl +i.rrr,'*)trrr'= constant, andL= I,r.,t,i + t.rorj + l.a.i=constant, where the
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ut-rrrre E,ErrErarrztru uuululllalss illlu uotaln expresslon generallze(l torce. lhe Lorentztorce on -
a particle of mass m and charge q, moving with a velocity V in an electric freld E. and a
magnetic field B, is given by

F = qlE + 1vx E;].

If the trelds are expressed by the relations: E= -vO-(, e:vx A , p and A being the -' 0r -r
scalar and vector potentials respectively, prove that the Lagrangian tbr the charged particle is

L. I

=-my'-q0+qA.7.

OR
Explain D'Alembert's principle. Obtain Lagrange's equation of motion for a conservative -system using D'Alembert's principle.

Derive the differential equation of an orbit in polar coordinates under central force. Show that -
if the law of central force is defined by/'(g =-+,k>0. i.e. an inverse square law ofr-
attraction. then the path of the particle is a conic t
Consider the collision of two particles of mass m, and, m, that stick together on collision. Let
t/1. be at rest on the x axis before collision, and let V,, = v,,i describes the motion of
m, betbre the collision.

(a) Describe the motion of m = ffit * m, after the collision.
(b) What is the ratio of the kinetic energy after the collision to the initial kinetic energy'?
(c) Describe the motion before and after the collision in the centre-ot'-mass system.
(d) calculate the loss in kinetic energy in the centre-of--mass system.

OR
What is differential scattering cross section? Show that the differential scattering cross-
section for scattering of a -particles by an atomic nucleus is given by

"(r)= 1[
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write down the Hamiltonian for a simple pendulum and a compound pendulum.
Consider aLagrangian of the form

-1L = 1n(*' - tD2 x21 st' ,

wheretheparticleofmass*-o,J,inonedirection.AssumeallconstantSarepositive'
(a) Find the canonical momentum and construct the Hamiltonian. Is this Hamiltonian a

constant of motion?
(b) Find the equations of motion.


