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2022 

PHYSICS 

(Honours Elective ) 

Paper : PHY-HE-6056 

(Classical Dynamics) 
Full Marks : 80 

32 Time : Three hÍurs 

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

1. Answer any ten from the following : 

(a) Mention the device in a vehicle, which 
ses damnping to perform a useful task. 

represent ? 

1x10=10 

(b) If � and B represent electric and 
magnetic fields respectively then what 

physical quantity does 
Ex B 

Contd. 
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Co
nt

d.
 

str
ea

m
lin

e flow
 ?

 
gre

ate
r 

pro
ba

bil
ity

 of
 

hav
ing

 a In
 

wh
ich

 

tub
e the 

flu
id 

mo
tio

n has the 

nu
mb

ers
 R

, =
 

10,
000

 and R
, =
 

40
,00

0. tub
es 

A
 

and 

B
 

hav
ing

 

Re
yn

old
's 

(g) 

A
 

flui
d is

 
flo

win
g 

thr
ou

gh
 two 

dif
fer

ent
 

E
² -

p'c <
0 

and
 

lin
ea

r 

m
om

en
tu

m
 

p 
for 

wh
ich

 

(n) 

M
en

tio
n 

a 
co

nc
lu

si
on

 

wh
ich

 can 

be
 

dra
wn

 for 

a 
pa

rti
cl

e 

wit
h 

tot
al 

en
erg

y 

E
 

flu
id 

is
 

gre
ate

r 

? 

a 
str

eam
lin

e the 

lat
era

l 

pre
ssu

re 

of
 

the 

O
n 

wh
ich

 

sid
e, 

co
nc

av
e or

 

co
nv

ex
 

wi
th 

E
 

=
 

mo
. 

(m) 

M
en

tio
n 

a 
ph

en
om

ne
no

n in
 

wh
ich

 

en
erg

y is
 

co
nv

er
te

d 

int
o 

m
as

s in
 

ac
co

rd
an

ce
 

-of
 out of

 
the 

res
pec

tiv
e 

tub
es 

? V
: 

V
, 

of
 

the 

spe
eds

 of
 

the 

liqu
id 

com
ing

 rati
o r,:r
z 

=
 

2:3
. 

Wh
at 

is
 

the rati
o 

cap
illa

ry tub
es 

A
 

and 

B
 

of
 

rad
ii in

 
the (e) 

A
 

liqu
id 

is
 

com
ing

 out of
 

two 

sep
ara

te 

()
 

M
oo

n 
? 

gr
av

ita
tio

na
l 

ma
ss of

 
the 

bod
y on

 

the 

to
 

the 

M
oo

n. 

W
ha

t 

wi
ll be

 

the 

is
 

fou
nd

 to
 

be
 

10
 

kg. The bod
y is

 
tak

en
 ea

rth
 

and the 

in
er

tia
l 

ma
ss of

 a 
bod

y 

A
n 

ex
pe

rim
en

t is
 

pe
rfo

rm
ed

 on
 

the 

nee
ded

 to
 

des
cri

be the 

sys
tem

 ? 

man
y 

gen
era

lize
d 

co-
ord

ina
tes

 will
 be

 

and 100 

co
nst

rai
nt 

eq
ua

tio
ns.

 How 

(a) In
 a 

sys
tem

 

the
re are 100

0 

par
ticl

es 

of
 

the 
wa

ve
. 

B
=

 

400 

in
 

SI
 

un
its

 

the
n 

fin
d the 

sp
ee

d 

pr
og

re
ss

iv
e 

wa
ve

, 

wh
ere

 

A
 

=
 

100 and
 

(k) I
f 

ax? 

B
 

O
t A

) y 

re
pr

es
en

ts
 

Sp
ac

e 
? 

Wh
at are 

me
an

ing
s. wh

ere the 

qua
ntit

ies
 

car
ry the
ir 

usu
al 

qu
an

tit
y L

 
H

 

1 

;+cc
os(o

-o,) 

()
 

sy
st

en
 

the
n 

wr
ite

 the 

di
m

er
ns

io
n of

 
the 

La
gr

an
gi

an
 

and the 

H
am

ilt
on

ia
n of

 a 

If
 L
 

and 

H
 

are 

re
sp

ec
tiv

el
y the 

(c) 

of
 

the 

qua
ntit

y 

I in
 

the 

equ
atio

n Draw
 a 

diag
ram

 to
 

ind
ica

te the 

loc
atio

n (h) 

di
la

tio
n.

 
ph

en
om

en
on

 

w
hi

ch
 

co
nf

ir
m

s 

tim
e 

M
en

tio
n an

 

ex
pe

ri
m

en
ta

lly
 

ob
se

rv
ed

 

wo
rld

 

po
in

ts 

in
 

M
in

ko
w

sk
i 
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Co
nt

d.
 

the orb
it. equ

al to
 r 

then
 

det
erm

ine
 the 

sha
pe 

of
 

con
ic in

 
wh

ich
 the 

pa
rtic

le 

mo
ves

, is
 

P(
r,o

). 

If
 

the 

sem
i-la

tus
 

rec
tum

 of
 

the 

pos
itio

n 

co-
ord

ina
tes

 at
 

an
 

ins
tan

t 

t is
 

un
der

 the 

act
ion

 of
 a 

ce
ntr

al 

for
ce.

 Its (c) 

A
 

par
ticl

e is
 

mo
vin

g in
 a 

cur
ved

 

path
 

pla
te at

 a 
co

ns
ta

nt
 

sp
ee

d of
 2 

cm
 

s'. 

the 

ho
riz

on
ta

l 

for
ce 

ne
ed

ed
 to

 
pu

sh the 

co
-e

ffi
ci

en
t of

 
vi

sc
os

ity
 

100 

po
ise

. 

Fin
d 

à 
lay

er of
 

oil of
 

th
ic

kn
es

s 

2 
m

m
 

ha
vin

g 

(g) 

A
 

gla
ss 

pla
te of

 
are

a 100 cm² 

res
ts on

 

m
m

w
m

m
 disp

lace
me

nt 

of
 I 

=k2
m. 

the 

pa
rtic

le whe
n 

it 

und
erg

oes
 a 

then
 find
 the 

kin
etic

 

ene
rgy

 

gai
ned

 by
 

fiel
d 

E
 

-
k100

 Vm- and 

B=
k0.

1 

T
 

ent
ers

 a 
reg

ion
 in

 
whi

ch both
 an

 
ele

ctri
c 

mo
ving

 with
 a 

vel
oci

ty 

k =
 

k10 msl 

(b) 

A
 

par
ticl

e of
 

mas
s 

2 ug
 

and 

cha
rge

 2 C
 

k k k 

co-
ord

ina
te. 

co-
ord

ina
tes

 and 

m
 

=
 

ct
 

sta
nd

s for tim
e 

qua
dra

nt(s
), whe
re 

x 
stan

ds for 

spa
ce 

Mi
nko

wsk
i 

spa
ce 

in
 

the 

pro
per

 (a) 

Draw
 the 

cur
ve x-n
 =-1 

in
 

the 

sy
ste

m
 

? the 

no
rm

al
 

m
no

de
s of

 

vi
br

at
io

n of
 

the Wh
at are the 

ci
rc

ul
ar

 

fr
eq

ue
nc

ie
s o

f 

un
de

rg
oe

s 

sim
ple

 

ha
rm

on
ic

 

os
ci

lla
tio

ns
. 

is
 

sl
ig

ht
ly

 

di
sp

la
ce

d,
 the 

sy
ste

m
 

(e) 

yo
ur 

an
sw

er
 

wi
th 

re
as

on
s.

 

pe
nd

ulu
m

 in
 

the 

lab
or

ato
ry

 ? 
Ju

sti
fy

 

Is
 

it 
po

ss
ib

le
 to

 

co
ns

tru
ct

 a 
sim

pl
e 

2.
 

Ans
wer

 any five
 of

 
the 

follo
win

g 

: 
2x5

-10
 

a 
and 

B
 

are two 

po
sit

iv
e 

co
ns

ta
nt

s. 

po
sit

ion
 

wil
l it be

 
in

 
eq

ui
lib

riu
m

 ? 
Her

e 

If
 

the 

pa
rti

cle
 is

 
at

 

res
t 

the
n at

 

wh
at 

(o) 

ene
rgy

 of
 

the 

syst
em 

to
 

be
 

con
serv

ed 

? 

syst
em has 

to
 

sati
sfy

 for the tota
l 

Wha
t 

con
ditio

n the 

Lag
rang

ian 

L
 

of
 a 

V
 

=
 

ax
-B

x 

di
re

ct
io

n is
 

giv
en

 by
 

ma
ss 100 

g 
ca

pa
ble

 of
 

mo
vin

g in
 

the 

x (d) The 

po
ten

tia
l 

en
erg

y of
 a 

pa
rti

cle
 of

 

in
 

the 

fig
ur

e. 

Wh
en one 

of
 

the 

pa
rti

cl
es

 ea
ch

 of
 

st
if

fn
es

s 

co
ns

ta
nt

 k 
as

 

sh
ow

n 

are 

at
ta

ch
ed

 to
 

thr
ee

 

id
en

tic
al

 

sp
rin

gs
, Two

 

id
en

tic
al

 

pa
rti

cl
es

, 

eac
h of

 
ma

ss 

m
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Co
nt

d.
 

O
f-+

 GU
Iuy

 

the 

eq
ua

tio
n 

re
du

ce
s to

 

N
ew

to
n's

 wh
ere

 cis the 

sp
ee

d of
 

lig
ht in

 
va

cu
um

, 

tha
t for the 

pa
rti

cle
 

ve
lo

cit
y 

V
 

<
<

 

C
, 

for 

a 
pa

rti
cl

e of
 

res
t 

.m
as

s mo. 

Sh
ow

 m
ot

io
n in

 
ter

ms
 of

 
the fou
r 

for
ce 

F W
rite

 

dow
n the 

M
in

ko
w

sk
i 

eq
ua

tio
n of

 

se
co

nd
 

law
. 

pla
ne

t 

aro
un

d the Sun
. find

 the 

an
gu

lar
 

mo
me

ntu
m 

of
 

the aro
un

d the Sun 

is
 

3.1
4 

x 10
 

s 
the

n time
 

per
iod

 of
 

rev
olu

tio
n of

 
the 

pla
ne

t 

the 

pla
ne

t 

from
 the Sun are 

60
 

mi
llio

n km
 

and 

40
 

m
ill

ion
 km. 

If
 

the 

clo
se

st and the 

fu
rth

es
t 

di
sta

nc
es

 of
 and 

mi
nor

 

axi
s 

k 
wh

ere
 j:k 

=
 

5:4
. The 

in
 

an
 

ell
ipt

ica
l 

orb
it with

 

ma
jor

 

axis
 j An

sw
er the 

fol
low

ing
 : 

(an
y 

fou
r) 

5x4
=2

0 

(a) 

A
 

pla
ne

t of
 

ma
ss 

2 x 
1024

 kg
 

is
 

mo
vin

g 
res

pe
cti

ve
ly 

er9
o 

sic 

3.
 

bs
ts!

 

the 

flu
id 

in
sid

e the 

tu
be

. 

ex
pr

es
sio

n for the 

av
era

ge
 

ve
lo

cit
y of

 

ra
di

us
 a 

and 

len
gth

 l 
the

n find
 the alo

ng
 the axi

s of
 a 

ca
pi

lla
ry

 

tub
e of

 

a 
vi

sc
ou

s 

flu
id in

 

st
re

am
li

ne
 

m
ot

io
n 

flu
id in

 a 
tub

e 

? If
 

v,
 

be
 

the 

sp
ee

d of
 

(d) 

Wh
at 

is
 

ca
lle

d the 

cr
iti

ca
l 

ve
lo

cit
y of

 a 

C
 D

 

po
te

nt
ia

l 

en
erg

y of
 

the 

pa
rti

cl
e. 

F 
=

-m
ox

i-
m

oy
i. Fin

d the 

(c) 

of
 a 

co
ns

er
va

ti
ve

 

fo
rce

 

a 
ci

rc
le

 of
 

ra
di

us
 R

 
un

de
r the 

ac
tio

n 

A
 

pa
rti

cl
e of

 
ma

ss 

m
 

is
 

mo
vin

g 

alo
ng

 

B
 A
 

wh
er

e 

0 is
 a 

nu
ll 

ve
ct

or
. 

C
t 

B
D

 
? 

rep
res

ent
ed 

by
 

the 

wo
rld line

s A
C

 

and 

tra
vel

lin
g at

 a 
spe

ed 

v 
<c

and
 V

=
 

car
e 

in
 

the 

adj
oin

ing
 

figu
re if

 a 
par

ticl
e 

(h) 

Wh
at 

sho
uld

 be
 

the 

ma
xim

um
 

val
ue 

of
 

to
 

be
 

sa
tis

fi
ed

 : 

co
ns

er
va

tiv
e the 

fo
llo

wi
ng

 

co
nd

iti
on

 

has na
tu

re
 ? 

Sh
ow

 

tha
t for 

a 
for

ce
 F to

 
be

 

ai
 

W
Or

la 

wh
ich

 

ot
he

r 

fo
rce

 is
 

co
ns

er
va

ti
ve

 in
 

fo
rce

. 

Ap
art

 

fro
m 

gr
av

ita
tio

na
l 

for
ce 

9l(
b)

 

W
rite

 the 

de
fin

iti
on

 of
 

co
ns

er
va

tiv
e 
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ntd

. 

wo
rk.

 
equ

ati
on

 

from
 the 

pri
nci

ple
 of

 
vir

tua
l 

vir
tua

l 

wo
rk and 

de
riv

e 

d'A
lem

be
rt's

 the 

sys
tem

 ? 
Sta

te the 

pri
nc

ipl
e of

 to
 

the 

num
ber

 of
 

deg
ree

s of
 

fre
edo

m 

of
 

nee
ded

 for 
a 

sys
tem

 of
 

pa
rtic

les
 

rel
ate

d 

nu
mb

er 

of
 

ge
ne

ral
ize

d 

co
-or

din
ate

s 

ge
ne

ral
ize

d 

co
-or

din
ate

s. How the 

Me
nti

on
 any two 

ch
ara

cte
ris

tic
s of

 

(a) 

Wh
at are 

gen
era

liz
ed 

co
-or

din
ate

s 

? 

1+
2+

1+
6=

10 

e03
3 

tim
e. 

sy
ste

m
. 

sig
ni

fic
an

ce
 of

 
the 

Ha
m

ilt
on

ian
 of

 a 

m
ath

em
ati

ca
l 

ste
ps 

ex
pla

in the 

ph
ys

ica
l sy

ste
m 

is
 

not an
 

ex
pl

ici
t 

fu
nc

tio
n of

 

of
 

m
oti

on
 if

 
the 

La
gr

an
gi

an
 of

 
the 

H
am

ilt
on

ia
n of

 
the 

sy
ste

m 

is
 a 

co
ns

ta
nt

 

Wi
th the hel
p of

 a 
few 

of
 

m
ot

io
n.

 

He
nc

e, 

sho
w tha
t the 

a 
sy

ste
m 

de
riv

e 

H
am

ilt
on

's 

eq
ua

tio
ns

 

(c) 

4.
 

1+
3+

3+
3=

10
 An
sw

er the 

fol
low

ing
 : 

(an
y 

fou
r) 

10
x4

=4
0 F,

 =
 

m
~ 

F 
=mý 

5 
m

m
 

ene
rgy

 of
 

the flui
d 

wit
hin

 the tub
e. 

F=
 

m
i 

as
 4 |1
 

. 

mm
s 

-1
oj

og
 

Fin
d the 

ki
ne

tic
 

dis
tan

ce
 r 
m

n 

from
 the axi
s of

 
the tub
e The 

spe
ed 

of
 

the flu
id 

va
rie

s with
 of

 
len

gth
 50

 
cm

 
and 

rad
ius

 R
 

=
5 

mm. 

is
 

in
 

str
ea

m
lin

e 

mo
tio

n 

ins
ide

 a 
tub

e 

(h) 

A
 

vis
co

us flu
id of

 
de

nsi
ty 800 

kg
 m
 

and 

co
-ef

fic
ien

t of
 

vis
co

sit
y 100 

poi
se 

the
ory

 o
f 

rel
ati

vit
y. 

the 

vel
oci

ty 

ad
dit

ion
 

the
ore

m 

in
 

spe
cia

l (g) Use the 

vel
oci

ty fou
r 

vec
tor

 to
 

der
ive

 

spa
ce-

lik
e. tha

t any 

oth
er 

ve
cto

r 

no
rm

al 

to
 

A
" is
 

int
erv

als
 ? 

IfA
" is

 
tim

e-l
ike

 

the
n 

sho
w 

ma
sS 

m
 

is
 

fo
llo

wi
ng

 
eq

ua
tio

ns
 

La
gr

ar
ng

e's
 

eq
ua

tio
n 

ar
riv

e at
 

the 

tha
t 

in
sta

nt
. 

Us
ing

 the 

ge
ne

ral
 

form
 of

 for the 

ki
ne

tic
 

en
erg

y of
 

the 

pa
rti

cle
 at

 

at
 

an
 

in
st

an
t 

t 
the

n 

fin
d the 

ex
pr

es
si

on
 

sp
ec

ify
in

g the 

loc
ati

on
 of

 
the 

pa
rti

cle
 sp

ac
e. If

 a 
(x,

y, 

z)
 

be
 

the 

co
-o

rd
in

at
es

 

a 
for

ce 

F=
iF,

 +
 

jF, 
+

 
kF

 

in
 

free
 

di
m

en
si

on
al

 

sp
ac

e 

un
de

r the 

ac
tio

n of
 

of
 n 

nu
m

be
r of

 
pa

rti
cl

es
. A

 
pa

rti
cle

 of
 

m
ov

ing
 

ge
ne

ra
liz

ed
 

for
ce for 

a 
sy

ste
m 

co
ns

ist
in

g 

ex
pr

es
si

on
 for the m
h 

co
m

po
ne

nt
 of

 9o(
b) 

Wh
at is

 
ge

ne
ra

liz
ed

 

for
ce 

? 
De

du
ce

 an
 

in
 a 

th
re

e 

10
 d'

 
Al

em
be

rt's
 

pr
in

cip
le.

 De
du

ce
 

Eu
le

r-L
ag

ra
ng

e's
 

eq
ua

tio
n 

from
 

()
 

Wh
at are 

tim
e-l

ike
 and 

sp
ac

e-l
ike

 O
r 

(Se
m-

6/C
BC

S) PHY H
E

 
5/G 

Fro
m the 

de
fin

iti
on

 of
 

the 

H
am

ilt
on

 of
 

4+
4+

2=
10
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Co
nt

d. 

equ
iva

len
ce 

rel
ati

on
 E

 
=

 
mc2

. 

2+8
=10

 

de
riv

e the 

Ei
ns

te
in

 

m
as

s-e
ne

rg
y 

mo
me

ntu
m and for

ce fou
r 

ve
cto

rs Wh
at is

 
fou

r 

vec
tor

 ? 
Usi

ng 

ve
loc

ity
, 

the 

exp
res

sio
n for the 

spe
ed 

of
 

the 

gen
era

tes 
a 

lon
git

udi
nal

 tha
t 

whe
n the 

sys
tem

 

vib
rat

es,
 it 

Wha
t is

 
out of

 
pha

se' 

osc
illa

tion
 ? 

Sho
w 

freq
uen

cie
s of

 
vib

rati
on 

of
 

the 

sys
tem

. find
 the 

exp
res

sio
n for the 

nor
ma

l 

und
erg

oes
 

lon
gitu

din
al 

osc
illa

tion
s then

 

stif
fne

ss 

con
sta

nt 

k 
eac

h. 

If
 

the 

sys
tem

 

cou
ple

d by
 

(N+
1) 

ide
ntic

al 

spr
ing

s of
 

(e) In
 a 

sys
tem

 N
 

ide
nti

cal
 

par
ticl

es are 

5+
1+

3+
1-1

0 
wav

e. Find
 

wa
ve

. 

wa
ve

len
gth

 

shi
ft of

 
the 

ph
oto

n. 

ex
pre

ssi
on

 for the 

Co
mp

ton
 

sc
att

eri
ng

 

L
or

en
tz

 

tr
an

sf
or

m
at

io
n fin
d the sc
ala

r 

pr
od

uc
t of

 
two fou

r 

ve
cto

rs 

un
de

r 

res
t 

ma
ss m,. 

Us
ing

 the 

in
va

ria
nc

e of
 

el
as

tic
 

co
lli

si
on

 

wit
h 

a 
fre

e 

el
ec

tro
n of

 Lo
re

nt
z 

tr
an

sf
or

m
at

io
n.

 
sp

ac
e-

tim
e 

in
ter

va
l is

 
in

va
ria

nt
 

un
de

r 

in
 a 

sin
gle

 

di
ag

ra
m

. 

Sho
w tha

t the 

ray of
 

lig
ht and tha
t of

 
mo

vin
g 

pa
rti

cle
 thi

s 

spa
ce 

? 
Dra

w the 

wo
rld

 

line
 of

 a 

sp
ace

 ? 
Wh

at 

is
 

ca
lle

d 

wo
rld

 

line
 in

 (h) 

Wh
at 

is
 

M
in

ko
w

sk
i's

 

fou
r 

di
m

en
si

on
al

 
1+

1+
2+

6=
10

 

Ke
ple

r's firs
t law in

 

gra
vita

tion
. (n) the 

par
ticl

e 

mov
es 

acc
ord

ing
 to

 

5+
5=

10
 

fiel
d i

s 
co

ns
er

ve
d 

par
ticl

e 

mo
ving

 in
 a 

cen
tral

 

forc
e the 

an
gu

lar
 

mo
me

ntu
m 

of
 a 

1+
1+

1+
5+

2=
10

 
of

 
the 
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i) Deduce Poiseuille's equation for flow of 
a viscous liquid through a tube. 
Mention the simplified assumptions 
present in the deduction of the formula 
due to which the corrections 
needed. 

Three capillary tubes of equal 
length have internal diameters 2 mm , 
4 mm and 6 mm are connected one 
after another. A viscous liquid flows 
through the system. If the pressure 
difference across the whole system is 
2x105 Pa then find the pressure 
differernce across the first tube. 
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4+2+4=10 
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