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[The figure in the margin indicates full marks. Candidates are required to give their answers in their
own words as far as practicable.]

Group-A

(Multiple Choice Type Question) 1x15=15
1. Choose the correct alternative from the following :

(i) Which pair of observables of a particle cannot be measured precisely at the same
time?

a) Spin and color b) Energy and torque
c) Position and momentum d) Size and speed

(ii) The state of a quantum system is described by its
a) wave function
¢) momentum

(iii) The electron mobility is given by
a) vy /E b) vy/m
cyvy/T d) T/E

(iv) With increasing forward bias to a p-n junction, the width of the depletion layer

b) position
d) Hamiltonian

a) decreases b) increases

c) remains the same d) intially increases then decreases
(v) In a ruby laser, population inversion is achieved by

a) optical pumping b) inelastic atom-atom collision

c) chemical reaction d) applying strong electric field
(vi) Optical fiber is predominantly used in .

a) field of communication b) electrical wiring

c) agriculture d) catalysis

(vii) Which of the following parameters cannot be determined from the Hall effect
experiment?

a) Type of the charge carriers b) Mobility
c) Carrier concentration d) Temperature
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(viii) Four-point probe method is used to measure

a) capacitance b) inductance
¢) resistivity d) Hall coefficient
(ix) The effective mass is typically expressed in
a) kilogram b) meter per second
¢) meter per second square d) joule-second '
(x) What is the primary function of a Zener diode in an electronic circuit?
a) Rectification of AC-signals b) Amplification of signals .
c) Regulation of voltage d) Generation of high-frequency signals
(xi) The energy of a photon is directly proportional to its
a) wavelength b) frequency
c) amplitude d) speed
(xii) The symbol Ef in the Fermi-Dirac distribution represents
a) Fermi energy b) Fermi temperature
¢) Boltzmann constant d) Stefan's constant
(xiii) The eigenvalue of the operator d/dx operating on the function ¢ is
a) im b) —im
c)m d) -m
(xiv) Classical free electron theory was developed by
a) Paul Drude b) Arnold Sommerfeld
c) Edwin Hall d) Enrico Fermi
(xv) When a pure semiconductor is doped with a pentavalent impurity it becomes
a) a p-type semiconductor b) an n-type semiconductor
c) a p-n junction diode d) none of these
Group-B
(Short Answer Type Questions) 3 x5=15
2. Distinguish between n-type and p-type semiconductors. (3)
3. Compare stimulated emission and spontaneous emission. (3)

4. If light from the Sun is found to have a maximum intensity near the wavelength of 500 (3)
nm, estimate the temperature of the surface of the Sun.

5. Describe the term threshold frequency (with its unit) in the context of photoelectric (3)
effect. Write the relation between work function and threshold frequency.

6. State the formula for the effective mass of an electron in a crystal lattice. The E-k (3)

relation for electrons in an energy band is given by E = Akz, where A is a constant.
Determine the effective mass of the electron (in terms of 4).

OR
. . . ~ — 2 .

A copper wire with a cross-sectional area of 2 x 10 ®m? carries a current of 3 A. The  3)
number density of free electrons in the wire is 8.5 x 10*® m 3. Determine the

magnitude of drift velocity of the free electrons in the wire.
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7.

10.

11.

12.

Group-C

(Long Answer Type Questions) 5x6=30

What do you mean by forward and reverse biasing of a p-n junction diode? Describe  (5)
the variation in the width of the depletion layer when a p-n junction is subjected to

g?r\:arg bias and reverse bias. Which breakdown mechanism occurs in heavily doped
iodes?

In a semiconductor, a magnetic field of 0.5 T is applied to a sample with a charge ()

carrie_r density of 4 x 102! m™3. If a current of 10 mA flows through the sample and
the width of the sample is 2 mm, estimate the Hall voltage.

Find the resistance of an intrinsic germanium rod of length 1.0 cm, width 1.0 mm, and (5)
thickness 1.0 mm, at 300 K. The intrinsic carrier density is 2.5 x 10! m™ at 300 K,

and the mobilities of the electrons and holes are 0.39 m? V! s and 0.19 m? vl s’l,
respectively.

Write the expression for the Fermi-Dirac distribution f{£) and explain each term. (5)
Draw a graph of AE) as a function of the energy E at temperature 7 = 0 K. Calculate
the occupation probability at the Fermi energy (7 # 0).

Evaluate the numerical aperture, acceptance angle and critical angle of an optical fiber (5)
having core and cladding refractive indices 1.56 and 1.51, respectively.

What does square of the modulus of a wavefunction, Ia,u(x)i2 represent? Write down (5)
the mathematical condition for the normalization of a one-dimensional wave function

over the region —o to . If a particle is represented by a wavefunction y(x) = Ae™*,
determine the probability density of finding the particle.

OR
Describe de Broglie’s hypothesis. Calculate the de Broglie wavelength of a dust (5)

particle of mass 2 x 107 kg and moving with a velocity of 3.5 x 10% m/s.
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