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PHYSICS — GENERAL
Paper : DSE-A-1 and DSE-A-2
Candidates are required to give their answers in their own words
as far as practicable.
Paper : DSE-A-1
(Analog Electronics)
Full Marks : 50
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. Answer any five questions :
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[English Version]

The figures in the margin indicate full marks.

Answer question no. 1 and any four questions from the rest.

(a) State Norton’s theorem for a simple two terminal network.

(b) Find the value of emitter current (/) in a transistor for which f3= 100 and base current
(I) = 20 pA.

(¢) What is virtual ground of an OpAMP?

(d) What do you mean by positive feedback?

(¢) What are the differences between g field-effect transistor and a bipolar junction transistor”
(f) What is meant by ‘pinch-off’ voltage in a FET? '

(g) What is meant by Joad regulation?
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Use Thevenin's theorem to cajeylate the current through the 100 Q resistance in the following
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circuit.

S E—

State and explain maximum power transfer theorem for a simple two terminal linear network.

In the following circuit the breakdown voltage of Zener diode is 5.6 V and a maximum allowable

current is 44 mA. What should be the minimum value of R in order to protect the Zener?
4+3+43

AN\

R

0V ~——— soV

Define o and B of a transistor. Find the relation between them.

What is load line for a transistor?

A transistor has a current gain factor o = 0.95. It is connected with emitter grounded. Calculate the
change in collector current when the base current is changed by 0.2 mA. (3+2)+2+43

Explain the working principle of an n-channel FET.

Sketch the depletion region of a JFET before and after pinch-off.

]

Compare the basic charactersitics of JFET and MOSFET. 44343

What is the CMRR of an OPAMP?

Find the expression for the output voltage of the inverting amplitier using OPAMP with neat circuit
diagram.

Show how an OPAMP can be used as a subtractor. 2+(143) 44

Discuss, in brief, the basic principle of an oscillator.

Why does an OPAMP need negative feedback for linear operation?

Write down the working principle of a photodiode.

Explain with diagram, the working principle of a half-wave rectifier with capacitor filier.

Explain how a Zener diode maintains constant voltage across the load.
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Paper : DSE-A-2
(Modern Physics)
Full Marks : 65
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[English Version]

The figures in the margin indicate full marks.

Answer question no. 1 and 2, and any four questions from the rest.

1. Answer any five questions : 2%5
(a) State Heisenberg uncertainty principle.

(b) An electron falls through a potential difference of 100 V. Calculate the de Broglie wavelength of
the electron. '

(¢) State Planck’s law of black-body radiation.

(d) At what speed should an electron move to double its rest mass? (Given that velocity of light in
free space C - 3x10% m/sec.)
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(¢) Normalise y(x) = Ae ,ma<x<a, where 4 and a are constants.
(f) What do you mean bY optical pumping? Why is it important in LASER production?
()
(¢) What is metastable state’
Answer any three questions :
(a) Define phase velocity and group velocity. Derive the relation between them. 243
(b) Obtain an expression for probability current density in quantum mechanics. 5
(c) Explain the working principle of He-Ne laser with energy level diagram. 5
- - _ 2.2 2 4 :
(d) Establish the relation E?=p?c Tmy“c for a particle of rest mass m, momentum p and
energy E. 5
(e) Write down Einstein’s photoelectric equation and explain the characteristics of photoelectric effect.
2+3
Show that the amount of wavelength shift of a photon scattered by a free electron given by,
Ah= L (1 —cos0), where A, is Crompton wavelength and 6 is the angle of scattering.
b) Describe Davisson-Germer experiment. What is its significance? 6+4
( p gn
(a) Derive Schrodinger time independent wave equation.
(b) Solve the above equation for a particle enclosed in a 1-D rigid box of side ‘L and obtain its energy
eigenvalues. 4+(4+2)
(a) What do you mean by population inversion? Why is it necessary to obtain lasing action?
(b) Derive the relation between Einstein’s A and B coefficients.
(c) Explain the working principle of Ruby Laser. (1+2)+4+
(a) Find the expectation value of momentum of a particle whose associated normalized wave functior
c g ilk—or) , .
Is y=4de , Wwhere symbols have their usual meaning.
(b) Explain orthogonality of wave function.
(c) Prove ige i 32+
) Prove that the eigenvalues of a Hermitian operator are real. )
(a) Prove that if S i e cqme as
) r‘(l)w.' th‘“_'l, any VC‘|OC”Y 18 added to velocity of light in free space the result is same as
velocity of light in free space.
(b) Calculate the percentape of . C e moving Wit
a vclocilby 1])1L :;L()L(L.n.ldgc O.l contraction in the length of a rod ina frame of reference MoVt
o e O G direetion parallel to its length.
¢) Using Lorentz transformation e ‘

S and
' h ! or le cantraction ane =
dilation, Quation, deduce the expression for length contt o
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8. (a) Explain wave-particle duality. What is wave packet?

(b) What is the uncertainty in the momentum of an electron, which is restricted to a region of linear
dimension of 10 nm?

(c) Using Heisenberg’s uncertainty principle, show that an electron cannot reside inside the nuileus
of an atom. (2+1)+3+4
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