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VIDYASAGAR UNIVERSITY

B.Sc. Honours Examination 2021
(CBCS)

4th Semester

PHYSICS

PAPER—GE4T & GE4P
Full Marks : 60
Time : 3 Hours
The figures in the right-hand margin indicate full marks.

Candidates are required to give their answers in their
own words as far as practicable.

GE4T : ELECTRICITY AND MAGNETISM

Answer any two questions. 2X15

1. (a) Two identical charged particles are placed at rest at a separation of
1lm. What is the charge on them if the magnitude of the electrostatic
force exerted on each particle is 1IN?

(b) What is electric flux? State and establish the differential form of
Gauss’s theorem of electrostatics.



(c) Two concentric thin spherical shells of radii R; and R, (with R,> R;)
carry uniformly distributed charges q; and q, respectively. Use Gauss’s
law to determine the electric fields at the points

i r < Ry
(ii) R; < r < R, and
(iii) r = R,.

(d) Establish the relation between electric potential and electric field.
2+(2+5)+4+2

2. (a) Derive the expression for electric field and electric potential due to
an electric dipole (broad side on position).

(b) Define electric displacement vector D. Deduce the relation between
D and electric field E.

(c) Derive the expression for capacitance of a parallel plate capacitor when
a dielectric material is inserted in the capacitor.

(d) Write the expression for the energy stored per unit volume in a
dielectric medium. 5+(2+3)+4+1

3. (a) State Biot-Savart’s law for magnetostatics. Derive an expression for
magnetic field at the axis of a solenoid (length [ and radius ) carrying
current L

(b) State and explain Ampere’s circuital law. Derive its differential form.

(c) Define the following terms
(i) intensity of magnetisation,
(ii) magnetic susceptibility,
(iii) magnetic permeability and

(iv) magnetic induction. (2+4)+(2+3)+4
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4. (a) State and explain Faraday’s and Lenz’s laws of electromagnetic
induction. Is Lenz’ law consistent with the law of conservation of
energy ?

(b) A long solenoid of length L, cross section A, having N; turns has
another short coil of N, turns wound around its centre. Find the
expression for the mutual inductance of the system.

(c) Obtain the expression for the magnetic energy storedin a solenoid in
terms of magnetic field B, area A and length [ of the solenoid. How

does this magnetic energy be compared with the electrostatic energy
stored in a capacitor?

(d) The magnetic flux linked with a coil changes from 12X103Wb to
6Xx103Wb in 0.01 second. Calculate the induced emf.
(3+1)+5+4+2

Answer any one question. 1x10

5. (a) Write down the Maxwell’s equations for electromagnetics. Deduce the

Maxwell’s modification of Ampere’s law.
(b) Show that time averaged Poynting vector for electromagnetic time
o1 I
varying fields is given by <S>=§R€(EXH ),

where g is the complex conjugate of H. (2+3)+5

= o 0A
6. (a) Establish, E=-Vg-—-

where, A is the magnetic vector potential and ¢ 1is the scalar
potential.
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(b) Derive the wave equations for electric field E and magnetic induction

B in vacuum.

(c) Define linear, circular and elliptical polarization. 2+5+3

PRACTICAL : GE4P

Answer any one question. 1x20

1. How will you use Multimeter for the following cases?
(a) Resistance measurement
(b) AC and DC Voltage measurement
(c) DC Currentmeasurement

(d) Checking electrical fuses. 4+8+4+4

2. How will you determine a low resistance by Carey Foster’s bridge.

Following points should be addressed :
(a) Circuit diagram

(b) Theory

(c) Procedure in brief

(d) Tables for recording data

(e) Precautions. 3+4+5+5+3
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3. How will you verify the Thevenin and Norton theorems ? Following points
should be addressed :

(a) Circuit diagram
(b) Theory (Thevenin and Norton theorems)

(c) Tables for recording data and verification (separate table for each).
4+(5+5)+(3+3)

[Internal assessment - 10]
[Attendance - 5]
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GE4T : DIGITAL, ANALOG CIRCUITS AND INSTRUMENTATION

Answer any two questions. 2x%X15

1. (a) State and prove De Morgan’s theorems for two Boolean variables.
(b) Why are NAND and NOR gates called universal logic gates?

(c) Verify the following Boolean identities

m A+B+A+B=A

(ii) (A.E).(B.E) =A®B 5+5+(2+3)

2. (a) For an unbiased p-n junction diode, sketch and explain the space
charge, barrier field and barrier potential.

(b) Explain the current-voltage characteristics of a p-n junction diode
using diode equation and characteristic curves.

(c) What is the source of the reverse saturation current in a p-n junction
diode ? Does the reverse saturation current change with the applied
reverse bias and the diode temperature? Explain.

5+6+4

3. (a) Explain the mechanism of amplification obtained in a bipolar junction
transistor.

(b) Show the different current components of a p-n-p transistor when the
emitter junction is forward biased and the collector junction is reverse
biased.

(c) Draw the circuit diagram for a fixed bias n-p-n transistor in the
common-emitter (CE) configuration and derive the expression for its
stability factors.

4+4+7
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4. (a) Write down the characteristic of ideal OPAMP.

(b) Establish the output expression of voltage for non-inverting OPAMP in
terms of input voltage.

(c) Design a circuit using one or more OPAMPs whose output is given as
Vg = 2V, + 5V,, where V; and V, are two inputs.
3+5+7

Answer any one question. 1x10

5. (a) Explain the input characteristics of a transistor in the common-base
(CB) configuration. What is the Early effect?

(b) Find voltage gain for the amplifier shown in the figure below. Also,

calculate the output voltage (V,,) for the input voltage
V,, = 5 sin(10xt) volt. Plot the output voltage (V).
5kQ
1 kQ +12V
Vin— VW= Vout
=12V

5+5

6. (a) Draw the circuit diagram of a full-wave rectifier and explain its

principle of operation.

(b) Write a brief note on photodiodes and solar cells. 5+5
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PRACTICAL : GE4P

Answer any one question. 1x20

1. To design a half-adder and a full-addercircuits using basic gates and to

verify the respective truth tables

(a) Write down the corresponding theory and truth tables.

(b) Draw the circuits for half-adder and full-adder using basic gates.
2. To study the static output characteristics of a transistor in common-

emitter (CE) configuration

(a) Write down the necessary theory with graphical representation for the
CE output characteristics.

(b) Draw the required circuit diagram using basic components.

3. Write down theory to construct an astable multivibrator using IC-555
timer. Draw Circuit diagram of astable multivibrator using IC-555 timer.
Calculate the circuit components (Resistor and Capacitor) to generate
symmetrical square wave of frequencies 1KHz, SKHz, 10KHz, 15KHz.

7+5+8

[Internal assessment - 10]

[Attendance - 5]
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