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M
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Tim
e 

: Three 

hours The 

flgures 
in

 

the 

m
argin 

indicate 

full 

m
arks 

for 

th
e 

questions. 

Answer 

the 

follow
ing 

questions 
: 1×10=10 condition 

for 

force 
F to 
be 

conservative. 

(a) 

W
rite 

the 

necessary 

and 

sufficient 

(b) 

A
 

system
 

of 4 particles 

has 
10 

equations 

of constraints 

and 

requires 
2 generalized 

coordinates. 

Are 

th
e
 

constraints 

.
o

 

holonom
ic 

or non-holonom
ic 

? 

1. 

of a free 

particle 
in 

(c) 

Contd. 
spherical 
polar 

W
rite 

th
e 

expression 
for 

H
am

iltonian 

coordinates. 



(d) 

State 

one 

advantage 
of L

agrangian 

form
ulation 

over 

N
ew

tonian 

form
ulation. 

(e) 

W
hat 

is 

called 

gyro 

frequency 
? W

rite dow
n 

its W
rite 

dow
n 

the 

relativistic 

form
 

of N
ew

ton's 

second 

law
 

of m
otion. 

W
hat 

is the 

significance 
of Reynold's 

num
ber? 

(g) 

3. 

(h) 

W
rite 

dow
n 

the 

N
ew

ton's 

law
 

of 

viscous 

flow
 

in 

stream
line 

m
otion 

and 

hence 

define 

the 

coefficient 
of viscosity. 

() 

Express 

equation 
of 

continuity 
in 

term
s 

of 

four 

current 

density 

vector. 

W
rite 

dow
n 

the 

L
orentz 

transform
ation 

equations 
of energy 

and 

m
om

entum
. 

2x5=10 

Answer 

th
e 

follow
ing 

questions: 

(a) 

"M
agnetic 

field 

changes 
the 

velocity 
of a charged 

particle 

without 

changing 
its speed." 

E
xplain 

th
e 

statem
ent. 

2. 

(b) 

Show
 

that 

L
agrangian 

and 

N
ew

tonian 

equations 
of 

m
otion 

are 

equivalent. 

(a (c) 

W
hat 

are 

the 

different 

types 
of 

relativistic 

optical 

D
oppler 

effects 
? 
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(d) 

State 

and 

explain 

postulates 
of special 

theory 
of relativity. 

le) 

A
 

tube 
of radius 
r and 

length 
l is 

connected 
in 

series 

w
ith 

another 
of 

4 

radius 

and 

le
n

g
th

.If 

the 

pressure 

across 

th
e 

tw
o 

tubes 

taken 

together 
is 

p, dedåce 

the 

presSures 

across 

th
e tubes 

r 

5x4=20 

A
nsw

er 

3. 

in
 

a uniform
 

m
agnetic 

field, 
in

 

general, 

O
 

(a) 

Show
 

that 

the 

4+]=5 for 
a co

n
serv

ativ
e 

sy
ste

m
 

using 

ic 
(b) 

D
erive 

L
agrange's 

equations 
of m

otion 

D' Alem
bert's 

principle. 

W
hat 

(c) b Sit U
sing 

four 

vector 

expressions 

show
 

that 

E
 

=
 pc? 

+
m

zc, 

where 

sym
bols 

have 0
en

th
eir 

usual 
m

eanings, 

1+4=5 

(d) 

W
rite 

brief 

notes 

on 

space-like 

and 

tim
e-like 

intervals. 

Contd. 
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separately. 

2 
any 

fo
u

r 

from
 

th
e 

follow
ing 

questions 
o eleno 

path 
of a charged 

particle 

is 
a helix. 

U
nder 

w
hat 

condition 
is 

this path 

reduced 
to

 
a circle 
? 

do 
you 

m
ean 

by 
th

e 
elem

ent 
of 

proper 
tim

e 
? 



(e) 

Express 

Lorentz 

transform
ations 

of 

space 

and 

tim
ne 

in
 

four 

vector 

form
. 

4 
Using 
Euler-Lagrange 
equation 

prove 

that 

the 

shortest 

distance 

betw
een 

tw
o 

points 
in

 
a plane 
is 
a 

straight 
line'. 1 1 (ii) 

State 

Ham
ilton's 

principle. 

A
nsw

er 

the 

follow
ing 

questions: 

10x4=40 

4. 

2 

Show
 

that 

H
am

iltonian 
H

 
is 

constant 
of 

m
otion 

if the Lagrangian 
L

 

is-

not 

an
 

explicit 

function 
of tim

e. 

(a) 
( 

4+4=8 

(ii) 

D
erive 

H
am

ilton's 

canonical 

equations 
and 

use 

these 
to

 

obtain 

the 

equation 
of 

m
otion 

of 
a sim

ple 

pendulum. 
Or 

2+2=4 

(b) 

) W
hat 

do 

you 

m
ean 

by 

stable 

and unstable 
equilibria 
? 

4 

(i) 

Obtain 

Lagrange's 

equation 
of 

m
otion 

for 

sm
all 

oscillations 
of 
a 

system
 

in 

the 

neighbourhood 
of 

stable 
equilibrium

. 
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(üi) 

W
rite 

the 

principle 
of virtual 

work in
 

term
s 

of independent 

generalized 
2 coordinates. 

(c) 

() 

The 

equation 
of the 

orbit 
of a 

particle 

under 

the 

action 
of 
a 

central 

force 
is r= 

2acos.. 

4 

Show
 

that 
the 

force 
F 
is inversely 

proportional 
to

 
5 

4 

(ü) 

Prove 

the 

donservation 
of energy 

of a particle 

directly 

from
 

its 

equation 
of 

mnotion 
in

 
a central 

force 
field. fii) 

The 

nature 
of 

orbit 
is 

determ
ined 

by 

the 

value 
of its 

eccentricity 

2EI? 

E
=

l+
 

w
here 

sym
bols 

have 

their 

usual m
eanings. 

M
ention 

th
e 

various 

special 

cases 

depending 

upon 

the 

values 
of E

 

an
d

 
[. 2 

Contd. 
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Or 

th
e
 

Calculate 

(d) 

() 

A
 

proton 

with 

initial 

velocity 
of 

5 x 

106 

m
s-l 

passes 

through 
an electric 

field 

(transverse) 
of 

transverse 

deflection 
in

 

travelling 

a distance 
of 1 m. 

200volt/ 
cm

. 

3 

(ü) 

Obtain 

equations 
of m

otion 
of a 

of coupled 
sim

ple 

pendulum
s 

by 

setting 

Lagrangiarn 

of 

th
e 

entire 

system
. 

system
 7 

5 

E
xplain 

th
e 

concept 

of 

tw
in 

paradox 

with 

the 

help 
of space 

tim
e 

(e) 
) 

(i) 

D
raw

 
a neat 

diagram
 

of light 

cones 

indicating 

past 

and 

future. 

Show
 

the 

w
orld 

lines 
in 
it. 

3+2=5 

C
an 

the 

tangent 
to 

the 

w
orld 

line of a m
assive 

particle 
a
t 

a point 

has 
an 

angle 

equal 
to

 
or 

m
ore 

than 

45°? 
Explain. 6 
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O
r 

2 

W
hat 

are 

called 

cyclic 
or 

ignorable 

coordinates 
? If a 

system
 

undergoes 

translatory 

motion 

along 
a 

cyclic generalized 

coordinate 
gk, 

will 
the Lagrangian 

of 

the 

system
 

be affected? 

3 

(i) 

Obtain 
the 

Lagrange's 

equation 
of 

motion 
for 

an 

electrical 

circuit 

Comprising 
an 

inductance 
L

 

and capacitance 
C. The 

capacitor 
is 

charged 
to 
q 

coulombs 
and 

the current 

flowing 
in 

the 

circuit 
is 

i am
peres. 

füi) 

Show
 

that 

Lorentz 

transform
ations 

of 

space 
and 

tim
e 

can 
be 

regarded 

as 

transform
ations 

due 
to

 

rotation 

of axes 
in 

the 

four-dim
ensional 

M
inkow

ski 

5 
2+(3+3)=8 

State 

length 

centraction 

and 

tim
e dilation. 

H
ow

 
are 

th
e 

phenom
enon 

of length 

contraction 

and 

tim
e dilation 

interpreted 
on 

space-tim
e 

diagramn? 

() (g) 

2 
m

ass 

(ü) 

Calculate 
the 

velocity 

which 
l am

u of 

m
ass 

will 

have, 
if it had 
a 

kinetic 

energy 
3 

tim
es 

th
e 

rest energy. 

Contd. 
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Or 

(h) 
) The 

rate 
of a liquid 

through 
a 

with 

Prr4 8nl 

capillary 

tube 
is 

V= 

6 

usual 

notations. 

Deduce 
the 

relation 

stating 

clearly 
the 

conditions 

under w
hich 

it holds. (i) 

Discuss 
the 

corrections 
to

 
be 

applied 

to 
Poiseuille's 
equation. 

4 


