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PHYSICS

Paper : PHY0400104
( Classical Mechanics)
Full Marks : 60
Time : 2% hours

The figures in the margin indicate
Jull marks for the questions.

1. Answer the following questions : 1x8=8

(@) How many degrees of freedom are
possessed by a ball moving on the
surface of a sphere ?

(b) Lagrangian of a free particle moving
along X-axis is given by Lz_l_m)-cz_
2

‘What is its generalised momentum 7
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| (c) - Which one of the fdllowiné isa cbrrect

1 ., 1 . 1
L =—mr? + —=mr20? + —mr? si 3
S e 0 +2mr sm20¢2—v(r)_

Which one of the followin
is a corr
statement ? € et

i) Momentum conjugate to vy is

conserved.

(i) Momentum conjugate to O 1is
conserved,

\ (iii) Momentum COnJugate to ¢ is

conserVed

(iv) En_ergy is not'COnserved

expression fi ‘(é) If V(x) is potent1a1 energy of a particle
v trxap;lsforn:;u(;; I;egendre . moving along x-direction which one of -
': the follpwmg is a condition of stable
Tis (l), . H= Z pa;,-L equilibrium ?
] ‘(ll)H:ZpJqJ_i_L l V(JC) 0, dx =0
\ _‘. 5 ' . . ) )
(m) H=Ypg,-L ) ZZ"O’ th:'w
@) H- > bd; =L av _ . dw _
' (i) —-= ’dx2>o
@ Lagrangian. of a particle moving in a L av @V,
central force potential V(r) is expressed @ > 0
as— A . N
| () Which one of the following is a correct

statement in special relativity ?

(i Velocity of light depends on
velocities of the observers.

(i) If two events are simultaneous in
one frame they are simultaneous
in all other frames.

(iii) If two events are simultaneous in
one frame they are not simultaneous
other frames.

(iv) Mass of a body reduces to zero
. when its velocity approaches
velocity of light.
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(g) If momentum of a particle is p=2mc,

h)

. which one of the followlng is the correct

expression for energy of the particle as
per relativistic energy momentum .

relation ?

0 BetSme
@) E=4% ngcz
(iii) E= i' 4me?
(iv) E=+ gﬁwz -

If & is velocity of 5 fluid element, Wthh
one of the following represents as

: mcompresmble fluid ?

) vi=o
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2.
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Answer any-six questions :

(@)

(b)

2x6=12

Lagrangian of a simple leendulum of

_ unit mass is given by

L= %Péz —~ gl(1-cosb).

: Obta.in the Euler-Lagrange equation.

Lagrangian of a particle: movmg along
X-direction is

1 1
=—mx? - =lx*,
L 2 2 :

Obtain the Hamiltonian of the particle.

In spherical ~polar coordinates
Lagrangian of a free particle is given

by
L=Ltmit + Zmré® + L2 sin? 04 .
2 2 2

Obtain the generalised momentum
conjugate to ¢ when the particle moves

. in equatorial plane ==
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(d) Lagrangjan of 5 pérticle attached to a

(e)

(¢]]

(hy
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spring of spring constant K is

L = lm2 _lk_xz '
2 o *". Reduce Hamilton’s

Canonical equation b, = _oH in this
: ox

case 'to the following form mi = —kx

A particle ig displaced by an amount
X - P ...

% from its €quilibrium position
x= i '

Xy ..Obtam the Taylor expansion of
.Potential energy Vv v

x
equilibrivny v (x) around the

Write down the

relativity, fwo-postulates of special

Lorentz transfo

by , Tmation for time is given

tl = }'(t - UXJ.
cz |- Show . ‘
: c? that if two events

()

0

3. Answer any foy’r questions :

Show that time derivative of velocity

(@) of a fluid element is

What is an ideal fluid ? Write down the

_equation of continuity. -

5x4=20

(a) What do you mean by stable

equilibrium ? If g, =q, =7, represents
displacement of generalised coordinate

from equilibrium (g,) expand the

potential energy V(q,, 4,,..,q,) in a

“Taylor series about go; and obtain the

potential-energy fatrix V... writing the

) . |
kinetic engrgy as T=§m,.jn,.qj and

expanding the function m;in a Taylor
series around g,;obtain an appropriate
expression for kinetic energy matrix.

o 142+42=5
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- {9 -

(d)

(e)

~ obtain Euler-
.0 and z,

‘equilibrium positions, Out
. three, identify the s

For a system in equilibrium derive the
pringciple  of virtual work. Apply

appropriate assumption to obtain
D’ Alembert’s principle. 2Y4+2Y=5
Lagrangian for a simple pendulum is

.given by [ - %mlﬂs"2 ~mgl(1 - cos§).

Obtain. the Hamiltonian and hence
‘obtain Hamilton’s Canonical €quations.
L o - 3+2=5
Lagrangian of a particle in cylindrical
coordinate system with potential energy
V(r, 8, 2z) is given by
T 1 #2 4 22092 | .0
L —-2—m(r +r 0‘ +z’)—Vlr, 6, z)

Lagrange equations for r,

Potential energy of a particle moving
along X—axis is given by

V() =—'%kx2 +4x*(k, 2> 0),

Show that x=0,+, %l and - % are
of these

e table equilibriym
positions.
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(9)

(h)

_ What is the inadequaCy of Galilean

. } th
transformation ? Dgrlj(e lenglale
contraction and time dilation formu

mation equations.
from Lorentz u@sfom 142+2=5

From Loren& trahsformation equaitlzir;
i lativistic velocity

f (x, § obtain the re i .
eoldtiitign formula. Show that velocity of

) 4+1=5
light is invariant. S

ivis tum are
If relativistic energy and mémen
written as

e 4 mv
T v/ RN =78
~V /s
B, ’c?
show tha ‘52‘7P2 m

Two particles, each of mass m collide

©. g
ced of V=7C. They
head on at the speed of 5 1
form a composite particle of mass M
v&cf)hich is at rest. Use conservatmr; o: _
relativistic energy tq show tha

5 3+2=5
=—m-
.M 2

9 ’ Contd.
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Answer any two questions : 10x2=20

(a) Lagrangian for a particle mbving under'

a central force potentlal Vin i
' expressed as

L= %m(riz +r292) V(r)

Use' Euler-Lagrange equation for 6 to
show that P,=mr26 is a conserved

momentum. Show that a real veloc1ty
of the particle remains constant. Show

that 'Euler-Lagrange equation for the
coordinate r is

m¥ —mr ¢ =f("), where

aV(r)

_ e
f({) - Obtain Hamiltonjan of
" the partlcle Show .that
radial
of the particle is VelOC

ity
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.(b)

Show that Euler—Lagrange_equaﬁon can
be written as - '

b= 6L/ 8q; , where p, is the generahsed :

momentum If the Lagranglan is

expressed as L(q,-, g;,t) and Legendre

transformation is giveri by
H(g,, o t) = P _L(g, 4., t). Obtain .

Ham11ton s Ca.nomcal equatlons
2+8=10

Write down Newton’s second law of
motion for a system of p: ticles acted
by external and internal forces. Define
holonomic and non;holenomic
constraints Wlth equations and
examples. A partlcle of mass m is falling
freely under gravity vertically along-»
Z-axis. Construct the Lagrangian.

 Obtain Hamilton’s Canonical equation
~ for the particle.

2+2+2+2+2=10
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(d) Mass of a relativistic particle changes
with velocity as

m=—1 » Where' my is the
C2

rest mass. If velocity of the particle
increases from 0 to p use work energy
theorem to show that gain in kinetic
energy of the particle is

B =(m-my)C?. From this show that
total relativistic energy of the particle

2
is E='1m°f . 8+2=10
\‘ ~v C2 -

(¢) Show that ‘Lorentz transformation
reduces to Galilean transformation if
v << C. Represent Lorentz

‘transformation ag rotation in spacetime. |
From Lorentz transformation equations

for (x,y, z, t), show that

M2y CUH2 _ 52

~y? - 22,
2+5+3=10
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