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Note : (i) Answer five questions in all. Two questions from each section are mandatory.
(ii) All questions carry equal marks.
(iii) Non-programmable calculators can be allowed.-
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(a) State parallel axis theorem for moment of inertia.

(b) Calculate moment of inertia of a beam of mass M and length L about an axis
passing through its center of mass and perpendicular to it.

(c) By using theorem of parallel axis, calculate the moment of inertia of the same
beam about the edge.
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(a) Stating basic postulates of special theory of relativity derive the Lorentz
transformation equations.

(b) An astronaut takes a trip to Sirius located at a distance of 8 light year from the
earth. The astronaut measures the time of one way journey equal to 6 year when
the space ship moves at a constant speed of v = 0.8 c. How can the 8 light year
distance be reconciled with a 6 year time when the speed is less than ¢ ?

(c) Find the shape of a sphere as seen by an observer moving with a relativistic speed
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with respect to sphere.
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Derive the Planck’s formula for black body radiation and show that it reduces to
Wien’s formula and Rayleigh-Jean’s formula for different wavelength ranges.

Explain the variation of specific heat with temperature. Draw qualitatively an
appropriate plot of variation of specific heat cf a diatomic gas (H,) over

temperature range 50-5000 K.
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Worldwide transmission of a single TV program is not possible without a
minimum of three satellites, while a radio program is broadcasted all over the
world without the use of any satellite. Explain the difference.

A plane transmission diffraction grating having 500 lines per mm is used in a

laboratory experiment. A plane wave front of white light (390 nm to 780 nm) is

incident on the grating.

(i) What is highest order of spectrum that can be observed for the wavelength
of A =400 nm ?

(i) With which wavelength (1’) does the above mentioned wavelength A =
400 nm coincide in its third order of spectrum ?

(iii) What orders of spectra are found to be absent if the width of opaque part is
double the slit width ?

(iv) “Higher the order of spectrum, higher will be the dispersion.” Justify.
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A point charge q is placed at a distance d from an infinite conducting grounded
plane. Find the potential at a point above the plane, induced charge density and
total charge on the plane, and expression for force between charge and plane.

The number of electron — hole pair in germanium is proportional to exp (—Eg/kT)
Estimate the percentage change in the number of carriers in germanium
(E = 0.7 eV) when temperature changes from 27 °C to 47 °C.

At amplifier has an open loop gain (power gain) of 60 dB. If this gain changes by
20% due to aging effect, calculate necessary feedback (closed loop gain) required

to reduce this change only to 2%.
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A star like network is constructed by extending each of six sides of regular
hexagon and forming equilateral triangle on the original side of length 0.5 m and a
current of 2A is passed through closed circuit. Obtain the value of magnetlc

induction at the centre

0.5 m
/ N .
o/ A side of original regular
{ ; hexagon 0.5 m
\\ ",0
\‘ ",'
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Explain, what makes it wrong if Coulomb’s law for the force between two charges
is written as F = K/ with n # 2.
Under normal condition of temperature, electrical conductivity of a semiconductor

increases with increase in temperature. However, in the high temperature range, a
decrease in conductivity is observed with increase in temperature. Explain why.
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Copper behaves as good conductor for electromagnetic waves of frequency
106 Hz but as dielectric for frequency 102° Hz. Justify for this behaviour.

Show that the quantum mechanical wave function y = e *®) represents a
stationary state solution of the Schrédinger equation.

Show that the deBroglie wavelength of an electron of rest mass m,, accelerated
through a high electric potential of V volts is A = h/[2meV {1 + eV/(2m,C?)}]2,

e being electronic charge and C, the speed of light in vacuum.
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Treatment of thyroid cancer is also done by injecting radioactive iodine (I-131) in
the body of the patient. Through the biological process the body excretes iodine
exponentially with a half life of 7 days while the half life of radioactive iodine is
8 days. How long it will take to reduce the level of radioactive iodine to 0.1% of
its initial dose in the patient as a cumulative effect of the two processes ?

What is the Compton effect ? Derive the expression for Compton shift. Explain
why Compton effect cannot be observed in visible radiation though the expression

does not dependent on wavelength.




