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2021
PHYSICS — GENERAL

Second Paper
(Group - B)

Full Marks : 50
Candidates are required to give their answers in their own words

as far as practicable.
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R = 90  

L I 

1·6×10–19C 3 2 m/sˆ ˆi j 6 6 3 / mˆˆ ˆE i j k V  


2 ˆˆB j k 


Tesla 

d.c. 

40 F 2K  200 Volt d.c.
0.04 sec 

LCR a.c. 

E = E0 sin t rms

20  1 Henry 
200 Volt, 50 cycles / sec a.c. 

R = 90 

3  7 

6 12 V
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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 : 2×5

(a) Prove that electrostatic field is irrotational.

(b) Two capacitors of capacitance C1 and C2 are given charge Q1 and Q2 separately at different
potential. Now if the two are connected by a metallic conducting wire, find their common potential.

(c) Put a junction of a thermocouple at constant temperature 0ºC and the other junction is heated. If
the emf of the thermocouple be e = bt + ct 2, then find the neutral temperature and temperature of
inversion.

(d) A battery of 10 Volt is connected to a coil of self inductance 5 Henry and of resistance 10 .
Calculate the time required by the current to attain to half of its maximum value.

(e) State Norton’s theorem on electrical circuits.

(f) State and explain Ampere’s circuital theorem.

(g) What are retentivity and coercivity of a magnetic material?

(h) Why is a circuit with an a.c. source consisting of a capacitor and inductor in parallel often called
a rejector circuit?

2. (a) Find the torque on an electric dipole having two charges q and –q separated by a distance l placed
in an uniform electric field (E) making an angle  with electric field.

(b) Calculate the gain in kinetic energy by a charged particle of charge q and mass m which moves a
distance h along the electric field E.

(c) A dielectric slab is being inserted between two plates of a parallel plate capacitor. Prove that the

capacitance of this capacitor per unit area is doubled if the dielectric constant is 2
2

xK
x d




 where

d = width of air between two plates before inserting the dielectric slab, x = width of dielectric slab.

(d) A metal ball of radius 5 cm is given a charge of 100 esu. Find the force acting on it per unit area.
2+2+3+3

3. (a) Use Norton’s theorem to find the current passing through the resistance R = 90

(b) Explain the Peltier effect. What do you mean by Thomson effect in thermoelectric effect?

(c) Illustrate the law of intermediate metals and the law of intermediate temperature in connection with
thermoelectricity. 3+(2+2)+(1½+1½ )
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4. (a) Using Biot-Savart law derive an expression for magnetic field intensity at a point on the axis of a
circular coil of wire carrying electric current.

(b) Define coefficient of self inductance. Determine the amount of energy stored in the magnetic field
of an inductor of self inductance L, when a current I flows through it.

(c) A particle having charge 1·6×10–19C is moving with a velocity 3 2 m/sˆ ˆi j  in an electric field

6 6 3 V/mˆˆ ˆE i j k  


 and a magnetic field 2 ˆˆB j k 


 Tesla. Find Lorentz force on the particle.
3+(1+3)+3

5. (a) Define hysteresis. Draw and explain the hysteresis loops of steel and soft iron. Which one of these
two is used to make electromagnet and why?

(b) Define magnetic permeability and susceptibility. Establish a relation between them.
(1+3+2)+(2+2)

6. (a) Derive an expression for the instantaneous charge during growth of charge on a condenser connected
in series to a resistor and a steady d.c. emf is applied to the circuit. What do you mean by time
constant of the circuit? Draw a graphical sketch to show the nature of the charge flow w.r.t. time
when the circuit is switched ‘on’. Mark the time constant on the graph.

(b) A 40 F capacitor in series with a 2 K resistor is connected across a 200 Volt d.c source.
Determine the energy stored in the capacitor at time 0.04 sec. (4+1+1+1)+3

7. (a) Obtain an expression for resonant frequency of a series LCR a.c. circuit.

(b) An alternating emf is represented by E = E0sin t. Find mean and rms value of emf.

(c) A resistance of 20  is joined in series with an inductance of 1 Henry. What capacitance should
be put in series with the combination to obtain the maximum current? The current is being supplied
by 200 volt, 50 cycles/sec A.C. mains. 4+4+2


