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@ o | Paper : 2.1
| Full Marks : 60
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‘The figures in the margin indicate full’ marks
for the questzons
'GROUP—A "
( Mathematical Methods-II )
' (Marks:35) "
1. Answer the following questions : 1x3=3

‘) (@) Deﬁne surface 1ntegra1 of a vector

(b) . ',Wnte down the unit vectors ep, é, and
é, of a cyhndncal coordinate system in

" terms of 1, J, k.
() . -,Givev graphical representation of Dirac
- delta function,. .. : L
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3. Answer any two of the following questions :

sxa=1d)
2

(a)

(b)

(c)

A7/861

(2)

- Py ~ ~

V =@3x2 +6y)i —14yzj +20xz%k, then
-—)

evaluate J.c V.dr, where Cis a straight line

joining (0, O, O) and (1, 1, 1).

i)
(i)

U

(@)

(i)

Show that I'(n +1) = nI'(n).

Find the value of I (}).

Show that H? .AdS =3, over the
s ‘

surface S of the unit cube bounded
by coordinate planes and the

planes x=1, y=1, z=1.

From the definition of Dirac delta
function, show that

[T f8x-adx = f@

>
Express differential operator V in
terms of orthogonal curvilinear
coordinates.

_.)
If r =(u, v) represents a surface,

then show that the square of the
element of arc length on the

( Continued )
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(3)

surface is

ds? = E du? +2F dudv + Gdv®

- AP —
or or F=ir—-zand

here E =2-°—,
where ou- Ju Ju Jdv
> A
G=§L.§L_ o
ov dv

' 4. Answer any two of the following questions :
10%x2=20

(@) () If V be the volume bounded by
-

‘a closed surface S and A is a
vector function of position with
continuous derivatives, then prove
that

ﬁZ-ﬁdS=III(3-Z)dV s
S v

(i) Prove the following identity : 3
T -
[[[ 0v2y-yv2aav =[[ (Vv -¥Ve-dS
% ' s :
(ii) If A be the unit outward drawn

normal to any closed surface S, find
the volume integral

fIf¥-aav .

A7/861 | ( Turn Over )



(b)

(o)
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()

(ii)

(i)

(4)

Express elements of area in
orthogonal curvilinear coordinates.

Represent the vector
A 2yz Zj +3xk:

in spherical polar coordinate.

Find the volume of a sphere of
radius R..

Using vector integration, prove the

- equation of

(@

2, _ap‘
V- — =0
(pv)'*'at

where p and . are, the-density and
velocity of the fluid respectively.

State'Green’s theorem in the plane

. and using it evaluate

§‘ (y - sin x) dx +cos x dy

‘Where C is the tnangle of the

~ following figure :

YA

B(n/2, 1)

o] .

A(r/2, 0)

( Continued )
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(5)

GROUP—B
{ Properties of Matter )
( Marks : 25)
5. Answer the following questions : - 1x4=4
o (a) Write down the relation ‘connecting

.)

elastic constants Y, K and 1.

(b) A rod is suspended vertically with its
upper end rigidly fixed and is twisted at
its lower end by means of a couple. For

“which layer of cylindrical rod shear is
" maximum?

() Whyis Poiseuille’s equation-is not valid
for blood flows through veins and
capillaries?

(d) Define neutral surface of a beam.

6. Answer the following questions : 2x3=6
B . . i N
(a) Show that for a homogeneous and
~ isotropic material the value of Poisson’s
-ratio lies between -1 and' ¥4, and is
equal to Y2 only when ‘the material is
incompressible.
(b) Write down the Poiseuille’s assumptions
to determine the rate of flow of liquid
through a tube. '
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(6)

(¢ How much work is required to break up

a liquid drop of radius R into n equal
small drops?

7. Answer any one of the following questions -

(@)

()

A7/861

)

() .

)

Show that simultaneous ~ equal
compression and extension at right
angles to each other are equivalent
to a shear.

Find the work done in joules in
Stretching a wire of cross-section
1 sq.. mm -and length 2 meters

through o-1 mm, if" Young’s

modulus for the material of the wire
is 2x1012 dynes/cm?2,

Fmd an expression for bending

moment of a beam.

A stéel_ rod of léngfh 50 cm, width
2 cm and thickness 1 ‘cm is bent
into the form of an arc of radius of
curvature 2 m. Calculate the
bending moment. Young’s modulus
of the rod = 2x10'! N/m?2,

( Continued-)



(7)

8. Answer either (@) and (b) or (c aﬁd d) : 10
Either

(a) Establish the relation between surface
energy E and surface tension S of a

liquid E=S-T—-

® ar
(b) (i) Show that angular oscillation of a
torsional pendulum is simple
harmonic and hence find the time

period of the pendulum.

. (i) How can moment of inertia of a
body be determined with the help of

torsional pendulum?
Or

() Describe with necessary theory the
rotating cylinder experiment for the
measurement of coefficient of viscosity. 7

(d) An aluminium wire of length 2 m and
. radius 1 mm is twisted through 90°.

Find the angle of shear at the surface,
at the axis of the wire and at a point
midway between the axis and surface.
Calculate the torsional couple, if the

modulus of rigidity is 5x10%° N/m?. 3

kK-
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2017
PHYSICS
( Major } -
® © Paper:22
( Heat and Thermodynamics ) |

Full Marks 60
sze 3 hours

The ﬁgures in the margm mdwate full marks
(- - for the guestions o
Symbols have their usual meanings

1.. Answer the following questfons R 1x7=7

(a) What is the magnitude ofy (the ratio of
two specific heat) for a .diatomic

molecule? . .

Q (b). State the law of correspondmg state of
~ van der Waals gaS

fcj¢ Write down ‘the. relatlon between
pressure and energy density of diffuse
radxahon

(d)_ -‘_,Under what condltlon w111 the eﬁic:ency
of Carnot engine be 100%? Is it
possible?
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(e)

(g)

2. Answer any four questions’:

(@)

(b)

(c)

A7/862

('2)

Show that the- energy of Planck’s
oscillator
e
Jv
ekl -1

reduces to equipartition law of energy
kT at h1gh temperature

What is the magmtude of spec1ﬁc heat
of water in SI system? °

A volume of a 'gés expénds isothermally
to four' times: its initial volumé.

Calculate the change of entropy in

terms. of gas constant.

Starting from the expression of pressure
exerted by perfect ' gas, .deduce
Clapeyron’s equation p=nkT.

Using Maxwell’s velocity distribution
law, deduce an expression for most
probable velocity. of gas molecules of a
perfect gas.

Calcula_te the amount of work done
during adiabatic expansion of a gas.

———

2)(4':8

( Continued }




(3)

(d If an sphéricél enclosure full of
radiation is allowed to . expand
adiabatically, show that the radiation

DN

behave like a’ gaS__ hav1ng Y= 3

_ (e) Using van der Waals’ e"quation,; show
. that at critical point, the volume of a gas
V, is equal to three. times of van der

Waals’ constant b, ie., Vc =3b.
o T st i L b K

3. Answer any three quest:lons ; 5x3=15
(a) State and deduce the Ku'chhoff s law
regarding biackbody radiation.

(p) Show  that = the . Joule-Thomson.
coefficient ® for an ideal gas is zero and
for van der.Waals' gas

Q () Establish the relation TVY™! = const.,

 for adiabatic expansion of a.perfect gas.
(d) 'The mean KE of a moleculeJ of
hydrogeri gas ‘at'0 °Cis 5-62x1072! J
and molar.gas- cohstant R=8:;31JK™!.
Calculate Avogadfos number and
' Boltzmann constant k. .
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(e)

4. Answer any three of the following :

(a)

() T

(©)

A7/862

(4)

Calculate the increase in entropy, when
1 gram ice at — 10 °C is converted into.

~steam at 100 °C. Given spemﬁc heat of

ice is 0-5 cal/ gram/ °C, latent heat of ice

is 80 cal/gram and latent heat of steam
is 540 cal/}gra;.nA.n ,

State Stefan’s law of blackbody
radiation. Obtain this law from Planck’
law of radiation . Given that

0~‘éx'_1 15

E’stgbliﬂs'hw‘tvhe fol}lbWing“x‘élafgion‘ o

i) Cp,-C, =R(1+%T) for van der

Waals"gas = .

@ c,-c, --TEa2V

S R Ct

the number of molecules m the energy
range E and E +dE 1s glven by

dNE -2N( ) (k7)2 ‘E/deEI

'Usmg k1net1c theory of gases, show that

\

@

10x3=30

e

( Continued Jin
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(d

()

Discuss . the Einstein’s theory of
translational Brownian motion and
derive an expression for average
displacement of a particle under
Brownian motion.

Deduce Fourier equation for heat
conduction in a rectangular bar, when
radiation loss is taken into account and.
hence find a solution of this equation.
What is thermometric conductivity?

Define Kelvin absolute scale of
temperature. Show that this scale agree
with that of perfect gas scale. Negative
temperature is not possible on this

scale. Discuss.

* kK
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