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1(Sem-4) PHY 1
2025
' PHYSICS
Paper : PHY0400104
(Classical Mechanics )
" Pull Marks : 60 .
Time : 2% hours

The ,ﬁgurés in the mdrg'in,indicate
Jull marks for the questions.

1. Answer the following: questions : 1x8=8

(a) 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 L=_;.mjc2 .

What is its genéralised momentum ?

BO6FN 0150 ' ‘ Contd.



e

(c) Whlch one of the following is a correct

‘expressmn for Legendre
fﬁ’ahs‘formatmn? .

ﬁ) | "H Z,quj A
@) H= ’Z:‘p;ejg +L
(i) - H Z p}ql

-(w) H-“—ijqj—_ .

.

SRR I

- (d) Lagrangian of a particle moving ina

.. central force potential. Vi(r) is expressed
cas— o

SR é'zl e : -
=—mr? +_mr 0 +—=mr?sin?60¢* -V (r),
L, 2 -2 2 )

Wthh one of the followmg is a correct‘

statement ? -

() . Momentum con_]ugate toy is
' conserved.

(i) Momentum conjugate to 6 is
conserved :

V(iii) Momentum conjugate to ¢ is
conserved.

(iv) Energy is not conserved.
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(e) . If V(x) is potential energy of a particle
. moving along x-direction which one of
the following is a condmon of stable

equlhbnum ?

e‘(i) V(x) 0, ZZ 0
@) g;o,f;‘:;o'
.'(w) iz_)oo Z:Z>O

() Which one of the following is a correct
: statement in spema.l relat1v1ty?

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

@) If two events are simultaneous in

one frame they are 31mu1taneous
in all other frames.

(i) If two events are simultaneous in

one frame they are not sunultaneous
other frames.

(tv) Mass of a body reduces to zero

when its velocity approaches
velocity of light. -
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If momentum of 4. particle is p=2me,

) whlgh one of the following is the correct -

expression for energy of the particle as

- per relativistjc: énergy momentum

relation ?

f) - E=: Smec?

) E-=t |Sme
ﬁ? E=14me?

(iv) E =+ 2mc2

If @ is velocity of a ﬂuid. element, which
one of the. following represents as

B incompressible fluid ?

i V2ii =0

i) V-i=0
iv) Vu?=0
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'AnsWer any six questions :

(@

(b)

©

ox6=12

Lagrangiah of a simple pendulum of
unit mass is given by '

L= —;-1?6"2 -gl(1=cos¥).

Obtain the Euler-Lagrange equation.

Lagrangian of a particle moving along
X-direction is

: 1 1
=—mx? — —kx*
Legme =3

Obtain the Hamiltonian of the partiéle.-

“In. spherical polar coprdinates

Lagrangian of a free particle is given
by ' | '

-

L= %mi-ﬁ + %-Ymr%'?2 + %mr2 sin'2 042 .

-Obtain the generalised momentum

conjugate to ¢ when the particle moves

in equatorial plane g - % .
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Lagrangian of a particle attached to a () . Show that t1me denvatlve of Velomty
(d) sgﬁl;lg %lf spring comnstant K is | R (u) of a ﬂu1d element’ is
','_1 z__l.kx ; ReduC.e Hamllton’sv | ' . d_,ﬁ___‘cij+ _;'..-. - ‘
A | 'l'——ﬁ'nthis . | N
C«?fl’mnif:“—‘l equathl'l Pe="% ! _ , ) What is an ideal fluid ? erte down the
" case to the following form mi = —kx. B , equation of Contln'IJlty

(e) A parhcle is displaced by an amount

4 3. Answer any four questions : . 5*4_2“0" '
' X=X from its. equilibrium position J .

a What do b
X=X, . Obtain the ‘Taylor expansion of (@ you mean Yy stable
potential energy V(x) around the

: '.equilibrium X=X-

equlhbnum ?If g, = q, = 77, represents
dlsplacement of generalised coordinate

- down the two postulates of spemaj from equ1l1br um (qcx) expand the
() Write down the

: relat1v1ty potential energy V(Qv Q2’ s qn) in a ‘
(g) Lorentz transformanon for time is given Taylor series about qo, and obtaln the
, by

potent1a1 energy matnx V. Wntlng the
o yt-2) Show that if ¢ '
t'=y t-E; Show tha 1. WO events
~ are simultaneous in one frame they are
not simultaneous in the other frame,

‘Vklnetlc energy as T—%m 77, and

expandmg the function - my; in a Taylor
o " series around g,;obtain an appropriate
(h) Calculate the energy equivalent to mass | . - expression for kinetic energy matrix.

of the Sun, M =2x10%kg. | : o A - 142+2=5 '
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(e)

For a system in equilibrium derive the

principle of virtual work. Apply

appropriate assumption to obtain
D Alembert’s pnnc1ple 2%+2%=5

Lagranglan for a simple pend{.ﬂum i§
given by L = %ml?é2 —-mgl(1-cos6)-

Obtain the Hamiltonian and hence
obtain Hamilton’s Canonical equations.
' 3+2=5

Lagrangian of a particle in cylindrical
coordinate system with potential energy

V(r, 0, 2) is given by
L _ %ﬁz(ﬂ +12¢ + 22)-V|r, 6, 2)

"obtain Euler-Lagrange equations for r,
0 and z.

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

V(x)= _%kxz + 42 (k, 4> 0).

. ' .' ,k
Show that x = 0,{1/%/1 and*\ 47 e

equilibrium positions. Out of these
three, identify the stable equilibrium
positions. . | 2+3=5
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(h)
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What is the inadequacy of Galilean
transformation ?. Deérive length ‘
contraction and time dilation formulae
from Lorentz transformatlon equations.

’ 1+2+2 S

From Lorentz transformation equations
of (x, f) obtain the relativistic velocity

addition formula. Show that velocity of .
hght is 1nvar1ant . 4+1=5

If relativistic energy and\momentum are
written as |

. 2 . ) ’
BE=—TC—and p= % __
) . 1-V C2 . ’1_v 2

show that %— p2 - m2C2.

Two particles, each of mass m collide

head on at the speed of 'V = %C. They

form a composite particle of mass M

“which is at rest. Use. conservation of
‘relativistic energy to show that

M=gm- o © 342=5
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S (b) Show that Euler—Lagrange equatlon can
4 AI'ISWer any two questlons - 10%x2= 20
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e (a) Lagranglan for a parttcle moving under

.-a, central force. potential V(r) is
x ?xpressed as

v

~,:L—%m(-HWﬂ V&y

-~ Use Euler-Lagrange equation for 6 to
| _show that P, =mr?*§ is a conserved
- .m'ementum Show that a real velocity

of the particle remains constant. Show

that Euler-Lagrange . equation for the
‘coordmate ris '

mi —ntré2 = f(r), where

B ovir
' f (r) == ( ) . Obtain Hamﬂtoman of

the particle. Show that radial velocity
~ of the particle is '

8= Al

2+2+2+2+2=10

10.

- be wntten as

~ p, =08L/dgq;, Where piis the generaliset'l

momentum If the Lagranglan is

) expressed as L(qn 4; t) and Legendre =

‘holonomic and

transformatlon is g1ven by

_ H(qt’ px) t) p1q1 L(qu’ qu t) Obtaln

Hamﬂton s Canonlcal equatlons
2+8-10“

Wwrite down Newton’s second law of
motlon for a system of partlcles acted
by external and 1ntemal forces. Define

non-holonomic
constraints with equations and

e,';amples A particle of mass mis falling o

. freely under grav1ty vertlcally along ~

Z—aXIS Construct the Lagranglan

Obtain Hamilton’s Canomcal equauon

for the particle. 2+2+2+2+_2-10
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(d) Mass of a relat1v1stlc partlcle changes
with -velocity as - .

.m=‘——ﬂ——, 'whére";no is the.
1,1 v G L

test mass. If velomty of the partlcle

increases from 0 to v use work energy

theorem to show that gain in kinetic
energy of the partlcle is

" E; =(m-mg)C?. From this show that
total relativistic energy of the particle

C 2 A '
s Eo—C 8+2=10
' 1-0v2 ‘
d C?
- (e) Show that Lorentz trahsformation
reduces to Galilean transformation if

v << C. Represent Lorentz

. transformation as rotation in spacetime.
From Lorentz transformation equations

_for (x,y, 2,t), show that

. .Czt'z _xrz __y:z __zrz =czt2 _.x2 __y2 _zz .
2+5+3=10
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