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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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[ English Version ]
The figures in the margin indicate full marks.

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

1. Answer any five questions : 2x5

(a)
(b)
(c)
(d)
(e)
®
(2

2. (a)
(b)

()
3. (a)

(b)
(©)

(d)

State Thevenin’s theorem on electrical circuits.

Write the differences between P-type and N-type semiconductor.
Write down the working principle of a Solar cell.

What is meant by rectification?

Draw the output characteristics of a CE-mode transistor.

Define Q-point of a transistor amplifier.

Draw the circuit diagram of an inverting OPAMP.

Draw the circuit diagram of a Bridge rectifier and explain its working principle.

What is Maximum Power Transfer theorem? Using this theorem, show that Power Transfer
Efficiency cannot exceed 50%.

The base current and collector current of a transistor are 80 pA and 2.56 mA respectively. Find the
values of ‘@’ and ‘B’. 3+(2+3)+2

How is depletion region formed in a p—n junction?
Compare between Zener Breakdown and Avalanche Breakdown.

For the circuit given below, determine the value of V; that will maintain the Zener diode in the “ON’
state.

(Given, V, =62V, Iy = 50 mA)
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Describe the working principle of a Light Emitting Diode (LED) using a proper circuit diagram.
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4. (a) Use Norton’s theorem to calculate the current through the 8 € resistance connected across XY in

(b)
(c)
(a)
(b)

(©)
(@

(@)

(b)
(c)
(2)
(b)
(c)

the following circuit.

40 50
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Explain with diagram what do you mean by ideal current source and ideal voltage source.

What do you mean by intrinsic and extrinsic semiconductors? 4+4+2

What are the fundamental differences between Class-A and Class-C amplifiers?

The current gain of a transistor in CE mode is 135. Calculate the emitter current if the collector
current is 49.3 mA.

What are the differences between depletion type and enhancement type MOSFET?

When Vg of a JFET changes from —3.1 V to —3 V, the drain current changes from 1 mA to
1.3 mA for a constant V,c. Find the value of its transconductance (gm)- 2+3+2+3
Explain the principle of operation of an OPAMP as a differential amplifier with a neat circuit
diagram.

Write down the basic characteristics of an ideal OPAMP.

What do you mean by negative feedback? 54342

State the Barkhausen’s criterion for sustained oscillation.
Discuss whether any input signal is required to obtain an output from the oscillator.
Draw the circuit diagram of Wien Bridge oscillator and determine the frequency of the oscillator.

24+2+(2+4)
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Answer question nos. 1 and 2, and any four questions from the rest.

1. Answer any five questions : 2x5

(a)
(b)

(c)
(d)

(e)
®
(2

Show that Planck’s Constant has dimension of angular momentum.
Calculate the de Broglie wavelength of 1 keV electron.

[Given & = (Planck’s Constant) = 6.62 x 10734 J.sec, Mass of electron = 9.1 x10-31 kg.]
What does Davision-Germar experiment prove?

At what speed should an electron move to double its rest mass? Given that velocity of light in free
space C = 3 x 108 m/sec.

Show that for a non-relativistic free particle group velocity is equal to the velocity of the particle.
State the characteristics of LASER light.

What do you mean by stimulated emission of radiation?

2. Answer any three questions : - 5%3

(a)

(b)

(c)
(d)

(e)
(a)

(b)
(c)

Using Heisenberg’s uncertainty principle, calculate the ground state energy of a particle (mass m)
confined within a rigid one-dimensional box of length L.

d2
Find the constant 4 which makes e-axz is an Eigenfunction of the operator (d—z - Ax2] :
X

Discuss the working principle of Ruby Laser.
Compute the mass m and speed v of an electron having Kinetic energy = 1.5 MeV.
[Given rest mass of electron mj = 9.1x10-3! kg, Velocity of light C = 3x108 m/sec]

Deduce the velocity addition law along x-direction.

A particle is at rest at the origin. A force F'starts acting on it as £ = 0. Show that the speed of the

article at ¢ is e
p .
\/mgcz ey

Deduce the formula of length contraction.

Establish the relation E2 = p*c? + moz ¢* for a particle of rest mass mp, momentum p and

total energy E. 3+3+4
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4.

(a)

(b)
(c)

(a)
(®)
(c)

(a)
(®)

(c)

(2)

(®)

(a)
(b)

(©)

What do you mean by expectation value of a quantity?

Define a Hermitian operator. Show that P, is a Hermitian operator.

Prove Ehrenfest theorem. 2+4+4

Why is population inversion a necessary to obtain Lasing action?
Can you build a 2-level LASER? Justify.

Discuss the working principle of He-Ne Laser. 3+(1+2)+4

Examine the operator E\y = wz is linear or not.

For a particle of mass m in the ground state in a one-dimensional box which extends from x = 0 to
x = L, what is the ratio of probability densities at x =§ and x =§ ?

The de-Broglie wavelength of a neutron at 27°C is A. What will be its wavelength at 927°C?
3+4+3

What do you mean by phase velocity and group velocity of matter wave? Can the phase velocity in
the relativistic case exceed the velocity of light? Comment.

A particle is confined in a one-dimensional box. Solve its Schrédinger equation to find the normalised
wave function. (2+3)+5

Establish the continuity equation of quantum mechanics in one dimension.

Write down the boundary conditions of quantum mechanics.

(;; T 4 operation has an eigenvalue . Determine the corresponding eigenfunction. 4+2+4
dx




