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wioteve Full Marks:: 80

; 'Time 4 Three .-hoursf el

The f‘gures in the margin indicate
full marks for the questions

1. Answer any ten from the followmg

“”kv

.o

......

, ;*)A,j;:,:‘j,;::. Aoty noOl* 10= 10

Mentlon ‘the' dev1ce in‘a ‘vehicle, which
uses damping’ to perform a useful task.

If '"E‘and'B ‘re'p're"s}erit el‘e‘c‘tr1c' ‘and
. magnetlc ﬁelds respectlvely then what

ExB
2 physwal quantlty does 5
represent ? ey
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(c) Draw a diagram to indicate the location' '
__of the quantity [ in the equation

| —

%: l[;;g;cos(e-eo)]

~

where the quantities carry their usual
meanings: ! -

(d) In a system: there are 1000 particles
and 100 constraint equations. How
many generalized co-ordinates will be
needed to describe the system ? '

(e) A liquid is ‘coming out of two separate
....capillary tubes A and B of radii in the
ratio r,:ry = 2:3. What is the ratio
v, Ug of the speeds of the hquld :coming'
out of the respective tubes ? ‘ "
() -On which side, concave or con\;eJ-( — of ‘
a streamline the lateral pressure of the
o fluid is greater 2. . v

- (9) - A fluid is flowing through two different
-tubes A and B having Reynold’s
numbers R, = 10,000 and R, = 40,000,
In which~tub,e_th¢ fluid motion has the
greater probability of hélving a
Streamline flow ?
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O1=07% gystem then wri

+\E P0G found to be 10 K

; 1i(h) ‘Mention" an: experimentally Z)bs‘er.ved
.., .phenomenon which confirms time

 dilation.

@ 1f L and
_ Lagrangian an

;.H are respectively the
d the Hamiltonian of a
te the dimension of the"

! H-}
o quantity ;f'

19°6)"1 What are world points in’ Minkowski
90BGE Ngpace (PF S i

) I a—y‘(éjg% et (ki
D Qisoisrld if-.,axz';z', B 0t1 10 alsirisg
S R here A = 100 and
find the speed

: rogressive wave, where
““2i 01 B-=400 in'SI units-then
;";i‘A:[;':)e'n",.' of the:wave.; IR :
ment is performed: on the
rtial mass of a body
-g. The body is taken
hat ‘will ‘be the
f-the \body on the

© 1 (). “An experi .
; (f) _.earth and. the ine

»

€902% 5 the' ' Moon. W
gravitational mass: 0

Moon ? S e
U560, )" Mention ‘a phenomenon in which energy
2l \5%10ig ‘eonverted” into mass in accordance

<
2t § Insiwith E= meRaibto-c9 .
aft3a rrpinag: 2uial-frmanadh HULA S e
’””"(n‘) “"Mention "a conclusion Whl;ll‘l can bE
i Lavodrawn for a particle with total'energy
and: linear momentum: p for, which

al (¢

o agsrle

E2—p202 <O H
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~54(o) 'What‘condition the Lagrangian Liof 4
il < gystem has to satisfy for the totg)
_energy of the system to be conserved 7

2.... Answer any five of the following : 2x5=1¢

(@) Draw the curve x2-m?=-1 in the
.-Minkowski. space in the. proper
quadl('ie}nt(s), where x stands for space
co-ordinates and m = ct stand i
_Co-ordinate.. *: . .- (e t'lme
S A

(b) 'Arpartécle Ao.f‘ mass 2 ug aﬁd charge 2¢

moving with -a- velocity 5 —k10 ms!

| gnters a region in which both an electric

| o field E=l€ﬂ1oo,Vm'r1‘an-d B=k0.1T

- then find the kincti encrgy gained by

3 sqtieparticle when it undergoes a
£10 dxsp.lacement‘ ofi] ‘=ﬂl€27’ﬁ:."" -

LU

.(c) A particle is i & cuirved
N . pa 1s moving in a curved
B 2 ' ot I i £10 a
1;;1:1‘;1' the: action of ‘a .c;ént'i'al‘.for:crég Itt};
3 on co-ordinates at én;'iriétant.t is
s (r., 0) If the semi-latus rectum of th
=1 conic in‘which the iy i
-~ equal ‘to'r then det
‘dete
the orbit.

particle: moves, is
rmine the:Shape of

- 3(Sem~6/CBCS) PHY HE 5/G 4 -

.« (d) - The potential eﬁergy of a particle of
1i11nmass 100 g capable of moving in the x

direction is, given by

i1V = ax?=fx ;.
If the particle is at rest then at what
position will it be in equilibrium ? Here
« and B are.two positive constants.

(e) Is it pbssible to cpﬁsfruct a simple

pendulum in the laboratory ? Justify
your .answer with reasons.

() Two identical parti¢les, each of mass m

are attached to three identical springs,
each of stiffness constant k as shown
in the figure. When one of the particles

0c-:xris  slightly; displaced, the system.”

AT

undergoes simple harmonic oscillations.

~ivorWhat are the -circular: frequencies of
; ;1the;.norma1.vmodcs,of vibration of the

, system Pug o A zivs

. (g) | A glaSé ‘ﬁléte,:_b_f ‘area 100 cm? rests on

0o!

a

~1
%) %]

' a layer of oil of thickness 2 mm having
* co-efficient of viscosity 100 poise . Find
O the horizontal force needed to push the

plate at a constant speed of 2 cm s=L
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(h) 'What should be the maximum value of
"¢ in the’ adJo1n1ng ﬁgure if'a partmle
travelling at a speed v <'c and v = care

‘represented by the world lines AC and
BD?

i a3l

3. Answer the followmg (any four) 5><4 20

(a) A planet of mass 2x 1024 kg is’ movmg
‘“ in‘an elliptical ‘orbit ‘with' major axis j
and minor axis k where J:k=5:4. The
Aclosest and the furthest d1stances of
the planet from the Sun. are respect1vely
..60 million km and 40 million km. If the
e time penod of revolut1on of ! the plahet
b around the Sun'" is 3.14 %~ 107 s then
o)+ find -the angular. momentum of the

-, planet around the Sun &%l
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+-!(b)>»» Write the« ,definition-, of conservative

Aforce Apart | from. grav1tat10nal force

700e { thh Other fOI‘Ce is conservatlve in

‘nature ? Show that for a force F to be

conservative the followmg cond1t10n has
ovitob to be satlsﬁed 4

' ' V >< F O

.,0.;_ where O is. a null vector

c)" B A part1cle of mass m 1s movmg along
. = acircle,of radius R. under the, action

'y a8y conservatlve force .. - 7

odit of FL amn?xt Lty 'F‘md ‘the>
) potent1al energy ‘of the partlcle
(d) What is called the cr1t10al velocity of a
SUVANd in'a tube ? If v, ‘be ‘the speed of
a viscous fluid in streamhne motion
O‘> i along ‘the 'axis-of ‘a’ capillary” fiibe: of -
“fadius a and length I then find the
¢ o1 €xpression for. the average velocity, of
ﬂr._‘the fluid | 1ns1de the tube..

it
(8]

';nte down the M1nkowsk1 equatlon of

qqqqq

bais motxon inc terms of the four. force F#

s (s Woy o.)for a particle ‘of ‘rest:mass: m,. Show

1o sigithat for!'the -particle ‘velocity ‘v << ¢,
2')1adrowhere cisithe 'speed' of light in vacuum,
[sutiiv the lequationireduceso to Newtons
Ol=a+lgecond law. pt

@]
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() What are time-like ‘and 'space-like
" intervals ? IfA* is time-like then show
that any other vector normal to A* is
space-like. s i an  SUE
(g9 Use the veiocity four vector to derive
the velocity addition theorem in special
theory of relativity. * :
A viscous fluid of density ‘800 kg m=
and co-efficient of viscosity 100 poise
_ is in streamline motion inside a tube
- of length 50'cm and radius'R = 5 mm.
The speed of the fluid varies with
distance r mm from the axis of the tube

()

sloidn(sg adris|varong isbnsiog:
as 4 (1 ——Smm] mms " Find the kinetic

. energy of the fluid W1th1nthetube

4., Answer the following : (any four) . :
sdF Brfi riodt 1 f19nal busia ool 10%4240
(@) What ' are generalizéd  co-ordinates ?
Mentloq any twocharacteristics of

. gcperqllzed co-ordinates.. How the

.~ number of generalized co-ordinates

" “-‘needed for a system of particles related

< to the:number of degrees of freedom of

the system ? State ithe principle of

) virtua},'w’ork. and ‘derive ‘d’Alembert’s
“-equation:from the: principle of virtual

work. ool 1 142+1+6=10
3(Sem-6/CBCS)PHY HE5/G 8 © 7l 2 eoiia
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t;t‘.g_"‘_,:i. () ' or

Deduce Euler-Lagrange’s equation from
d’ Alembert’s, principle. 10

(b); What is generalized force ? Deduce an
expression for the m®™ component',of
generalized force for a system consisting
of n number of particles. A particle of

: ‘mass “m ‘is moving in a -three

Hoiln dirpensional space under the action of
si=¢c+da force }7‘={Fx+]'Fy+I€Fz in free

' space. If a (x,y,2) be the co-ordinates

4= 2sl-specifying the location of the particle

.-t an instant ¢ then find the expression

- “=""“for the kinetic energy of the particle at

cizievz that instant. Using the general form of

.~Lagrange’s equation arrive at the

_ following equations

A : ﬂ-,AFx“:.m.jeﬂ A

. 1+3+3+3=10

f

io

i - eeinidiv o -“‘5’:‘Fz_=m»z 15 rf3

brrife) .o'From the ‘definition of the Hamilton of -
=+ 3, a.system derive Hamilton’s equations
_of motion. Hence, show that the
““Hamiltonian of the system is a constant
_ of motion if the Lagrangian of the
~ioelovsystem is ‘not-an explicit: function of
2103105V tlme WIth ,the help sof a few
_mathematical steps explain the physical
" ''significance of the Hamiltonian of a
Ol=8+Lsystem: 2 aoiislsy sonslsvicg4+4+2=10

Ol=[+
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(d) Using Hamilton’s canonical equation
show that

() the angular momentum of a
particle moving in a central (force
- field is conserved N

(i) the particle moves éécarding to
Kepler’s first law in' gravitation.

: ' =85+5=10

e) 'In a system N"i‘dentical particles are

... .coupled by (¥+1) identical springs of

stiffness constant k each. If the system 9!

* undergoes longitudinal oscillations then |

find the expression for the. normal
frequencies ",o'f_x;ib;"ation of the system. -

_What is ‘out of 5hé.§e’ oscillation ? Show
“"“that when the ‘system vibrates, it

‘= fioliigenerates a longitudinal nwave. (Find
- '-":_ the” cxPreSsiQn' ’for'-(th‘e "speed of the
PR niniaz et lo nuton SELL3+1210
(f) .- What;: is ffour, I véctér‘-;?! Usmg;velomty,
.-momentum “and ‘forde foiir vectors:
«/derive, the, Einstein’ mass energy
“equivalence relation E 5rmcl"",g.;;2+8=10
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What is Doppler effect in light ? How it
is different from a similar phenomer;or}c
in sound ? What insight Doppler effec

in ' light has given. regarding the

Universe ? Using-four vectors find the

expression for wavelength shift A4 lor{
light emitted by a sourc‘:1 o
relative motion with the observe:rl.o17 e
emits light at the frequency 5% .
If the star is receding awgzyl from i
earth at a speed 3x10° km s then

~ the percentage change in the frequency

of the light due to Doppler effept.

“14+1+145+2=10

Ym

()
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~What is Minkbwski’s four dimensional

? at is called world. line in
:ﬁichAc?I; Draw the Worl'd line gi('z 12
ray of light and tha'L'.c of movmg'C Eaa;’ o
in a single diagram. .Shovx.z hat, {5
space-time interval is 1nvaria1_ri e
Lorentz transformation. 1

" A photon of energy hy, undergoes an

i f
i isi th a free electron o
stic collision Wi . :
elit mass m,. Using the 1nvar1ancedof
r<::alar product of two four vecti?rsdl.l.nt ;r
S . . e
ation Iin
rentz transform .
];:pression for the Compton scattenxllg,
wavelength shift of the photon.

: Contd.
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‘Deduce Poiseuille’s.equation for flow of
~a viscous,liquid' through va tube.
Mentionthe simplified rassumptions
present in the ,deduc_tio}l of the iformula
due to which-the ‘coh\ections are

needed. .

——

Three cap111ary tubes of _equal
length have internal dlameters 2 mm,

4 mm and 6 mm are connected one
after another.” A viscous” 11qu1d flows
"through the system If the _pressure

difference across the whole system is

2x10% Pa then find the pressure

d1fference across the first tube.
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4+2+4=10



