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Answer any thee questions

I+ . - - % :
d) The plane polar coordinates

ol a 5l : : .
particle Moving on a plane are given by r=asinw;t

b)Show from L ‘
dgrange s equati : i - ' ;
Sy g iuation of motion that the generalized momentum is
s \Ethe corresponding generalized ¢ ' [ '
o 1zed coordinate is cyclic. 6
c)A Lagrangian is given in the form [ = 1 i {Eﬂ ol
Obtain the La ! et
agrange's equati ‘ ] tonian of
SHNEE s equation of motion and hence find the Hamiltonian of the systeim,
‘ 6
d) A body of mass m hangs from one end of g light rope which is wound on the surface of
a honzontal cylinder of radius ‘a’, which is [ree to rotate about its axis. Prove that the
body descends with an acceleration F=g / [1+(I/ma®)] where I is the moment of inertia of

the cylinder about its axis. 10

3
Bq" where a and [ are constants.

¢)Calculate the gravitational potential due to a circular plate of radius *a’ , mass m at an
axial point. 10

a) Show that a shear is equivalent to a compression and an equal extension at right angales
8

b

to each other.
h) A wire of diameter | mm is kept stretched. I the temperature drops by 20 °C, how

h additional W p the length constant.? (Given Young's
muchn addil K ; C)
modulus Y=20 x 10

eight is to be applied to kee | ant.
10 N/m? and the coefficient of lincar expansion IS 4= 1 x 10
8

¢ energy and obtain the relation between

: rfac
¢)Explain the terms surface tension and su 6+8

them.
' if 1000d
the loss of energy i :
d) Calculate (Surface tension of

form one large drop- 2
¢) State and explain Bermouilli's theorem:

f water each 2 mm diameter coalesce to
]

4

rops 0
waler = 72 dynes/cm).

d time dilation in relativity.

glb cﬂnmﬁﬂﬂ an

3'-. a)Explain the concept of len



-
| for a relativistic particle, the kinetic e =

E}quwthnt P Inetic energy is K= I'ltuc [m
Where my is the rest mass of the particle, v is the velocity of the particle and ¢ is the

speed of light. 8

d) A battery connected to a flashlight bulb is exactly counterpoised on the pan ofa
balance. The battery maintains an average current of 0.1 A at an average voltage of |
Volt for 3 hours. Assuming all this energy is radiated away, what must be the order of
magnitude of the sensitivity of the balance if a deflection is to be detected ? 6

¢)State Fourier’s theorem regarding the expansion of a periodic funetion. Expand the

following function into a Fourier series,
y=a from t=0 to t=T/2

y=0 from t=T/R2tot=T 4+ 8 ]Il

4. a)A simple harmonic wave is represented by y= 10 sin[% + a). At t=0, the displacement

1s 5 cm, the time period being 30 second. Calculate the phase angle at t=7.5 sec and the
phase difference between two positions at a time interval of 6 secs. 6

b) Explain analytically the formation of a wave packet.

¢) The phase velocity of a transverse wave of wavelength ) in a crystal is given by
5|n{im,|'.-".} .

T
where ‘a’ is the average interatomic separation and vg is a constant. Show that the ratio of

phase velocity and group velocity is given by

vive = Vo -TM[T 2 8 ||

(r)
d) Obtain the system matrix for refraction at a curved surface. 6 i

V= ¥o

¢)Explain the formation of interference pattem in thin films. Obtain analyticallythe
-mhon for :uturf‘crenca maxuua and minima for both reflected and transamltﬂd W [




c}Shuw that the ti rpe P c lic
€ lime ave : 1
*iREe Poynling vector for a timc-varying electromagnetic licld is

Ei\'en h}" ‘ﬁg} = ;:E x'ﬁ} ey -
2 Real (E x ﬁ* ) where E ﬂndﬁ are electric and magnetic

6

: field vectors.

d)Find the current [ in the network given below.

Eun‘n‘T %vT :

¢)Obtain the expression for instantaneous current in a series L-C-R circuit and hence
explain why it is called an acceptor circuit ? 10

6. a)Apply the first law of thermodynamics to show that the difference of molar specific

heats is given by
au . .,V
Co—Cv=[p+ G5 G7 )
Where U, P, V, T are internal energy, pressure, volume & temperature respectively. 8

b) Briefly describe the operation of a Camot cycle with the help of a P-V diagram and

' iciency. :
calculate its efficiency ' series. The first one A, receives heat at

ot engines A Byt
Db o a reservoir at temperature T K. The second engine B, receives

900K, and rejects . : i heat reservoir at 400 K.

| b thﬂﬁrst:ngin:andmtumrcjeclslua sser -

3 g:l h:: jﬂiﬂ:'.t:fup};rahm T for the situation when (i) the wo rk outputs of the tl“ 3 ?E""H
~ areequal, (ii) the efficiencies of the two engines are equal. iad
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Answer any Lwo questions

7. a)Distinguish between inertial and non-inertial frames of reference,

ﬁﬁhﬁw [hnt in the northern hemisphere, the Coriolis force deflects a freely falling body
‘of mass m towards the east and has a magnitude 2mvwcosk , where v is the mngniuuﬁ@ .
the downward velocity at latitude & and o is the angular velocity of the earth, 3§

c) State parallel axis theorem. A sphere of radius 2r and density p has a spherical cavily
of radius r. The diameter of the cavity coincides with a radius of the sphere, Find the
moment of inertia of the body about an axis perpendicular to the common diameter ofthe
sphere and the cavily and passing through the centre of the cavity. Assume the moment
of inertia of a sphere is known. 448

d)State Stoke's law for terminal velocity of a sphere falling through a viscous fluid
maintaining an irrotational flow past it. Write down the equation of motion of the falling
sphere subjected to a viscous force proportional to the instantaneous velocity of the ‘
sphere. Solve the equation to obtain an expression for terminal velocity. 4+10

8. a) Show that four velocity is time-like while four acceleration is space-like. 6

b) A thin equiconvex lens of refractive index 1.6 and radii of curvatures 12 cm is silvered
on a side opposite to the direction of incident beam, Obtain the system matrix and find

the power of this system for light entering the unsilvered side. b N

¢)Compare Fresnel's diffraction at a circular aperture and a circular obstacle.
A circular aperture of 1.4 x 10 * m diameter is illuminated by plane wave of
monochromatic light. The diffracted light is received on a distant screen which is
gradually moved towards the aperture. The centre of the circular path of light first

becomes dark when the screen is 0.49 m from the aperture. Celculate the 1vn'mlm§;h'ﬁﬁ

light.

e d)State Huygen’s theory of double refraction in uniaxial crystals. <
' “The refractive index of calcite for ordinary ray is 5

1.6584, the refractive in_d:;--qfl 03
idence of the ordinary
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linal oty “Ne laser jg 300 Hz, Dt

ermine the coherence time and the
1) Fj -
) Find the electre feld

' - Ins
distance from =

3 € a sphere whish an
the origiy p= vhich carries 4 charge densily propertional to the

kr, for some constant k, &
b) State Bj
lﬂl-  a ]

S S.?wmi S law and calculate the eleotric f; - ; esizate

O1d of radius “y*. cetric hield at an axial point of an infinite

4+10
/ sislance 6 o 3 .
0 Q and inductance 3 H is connected in series with a capacitor 4

: 7 0 Hz. Calculate the imped: S a e att :
phase difference between current and vollage gL m;u” g

d) Find the Lagranoi:

n I e ] ¥ § - " .
e 2 : gr“]" and the Lagrange’s cquation of motion of a pendulum whoss
point of suspension is attached to a lift that falls with an acceleration f, 12

- @)A gas occupies | litre at 80 cm pressure, It is expanded adiabatically to 1190 ce. If the

pressure falls to 60 cm in the process, find the ratio of specific heat. 6

b)Prove that no engine can be more efficient than a reversible one working between the
same lwo temperature limits. (i

¢)Deduce the relation [ﬂ bt = T[%, v and hence derive Clausius-Clapeyron latent heat

av
equation. 68

d)Define coefficient of viscosity and discuss how it depends on temperature. What is the

S.I. unit of coefficient of viscosity ? “ _

Three capillaries of same length but different internal radii of values 3a, 4a and 5a are
onnected in series and a liquid flows through them in streamlined condition, If the

C

' ] Hary is 8.1 mm, find the pressure difference
pressure difference cross the third capillary 1s p -

across the first capillary.
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