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PHYSICS — MDC
Paper : CC-5
(Electromagnetism)
Full Marks : 75

Candidates are required to give their answers in their own words
as far as practicable.
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[English Version]

The figures in the margin indicate full marks.

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

. Answer any five questions :

(a) Consider a parallel plate capacitor which is maintained at potential of 200 V. If the separation
distance between the plates of the capacitor is 1 mm and area of the plates are 20 cm?, calculate
the displacement current for the time in 1 ps. 3

(b) Derive the charge current continuity equation from the principle of conservation of charge. 3

(c) Show that the alternating current lags behind the applied AC voltage across an ideal inductor by 45°.

3

(d) What is the physical significance of displacement current? 3
(e) What do you mean by inductive time constant of an L — R series circuit? Explain why an ideal
inductor becomes short circuit with DC voltage source. 2+1

(f) State Faraday’s law of electromagnetic induction. Derive its differential form. 1+2

(g) Define magnetization M . What is its unit? Write down the expression of magnetization in terms
of magnetic susceptibility. 1+1+1

. (a) A point charge g is placed at a height / above an infinite grounded conducting plane. Using the

method of Images, find (i) the potential at a point above the plane, (ii) the induced surface charge
density on the plane.

(b) Derive the relation between electric polarisation P , electric field £ and electric susceptibility x,.
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(c) A parallel-plate capacitor is filled completely with a linear dielectric material. An electric field of
magnitude 2x10° V/m is applied across the plates. The electric susceptibility of the dielectric is

Xe = 3-
(i) Calculate the permittivity of the dielectric material.
(ii) Find the magnitude of the electric displacement vector D .
(iii) Determine the magnitude of the polarization vector P . (3+3)+3+(1+1+1)
(a) Write down Maxwell’s equations in free space by clearly explaining the meanings of the symbols
used therein.
(b) Using Maxwell’s equations, derive the wave equation corresponding to the E-field vector of the

electromagnetic wave propagating through vacuum.

(c) Given E = E,, sin(wt —Bz)j in free space. Calculate 7 . Hence show that E and F are mutually
perpendicular. The symbols have their usual meanings.

(d) Prove that EM energy is equipartitioned between the magnetic and electric energies for a plane
EM wave in linear dielectric medium. 2+4+(2+1)+3

. (a) What is Poynting vector?

(b) Show how Maxwell’s equations in free space imply local conservation of charge.

(c) Show that time varying electric field is non-conservative. Hence or otherwise express the time
varying electric field in terms of vector and scalar potentials.

(d) A radio station transmits a 10 kW signal at a frequency of 100 MHz. Assume it radiates as a point
source. At a distance of 1 km from the antenna, find the amplitude of the electric and magnetic
field strengths, and the energy incident normally on a square plate of side 10 ¢cm in 5 min.

2+3+(1+3)+(1+1+1)

. (a) Explain briefly why all AC pulses are periodic but all periodic pulses are not AC.

(b) The coil having a resistance of 10 Q and an inductance of 0.2 H is connected to a 100 V, 50-Hz
supply. Calculate (i) the impedance of the coil, (ii) the reactance of the coil, (iii) the current taken
and (iv) the phase difference between the current and the applied voltage.

(c) Calculate the r.m.s. value of an AC current given by i(¢) = I,sin wz. Explain why 220 V AC is
more dangerous to living body compared to 220 V DC.

(d) How many electrons pass a fixed point in a 100-watt light bulb in 1 hour if the applied constant
voltage is 120 V? 2+(2+1+1+1)+H2+1)+2

. (a) What is resonance in a series LCR circuit?

(b) Derive the condition for resonance and the expression for resonant frequency of a series LCR
circuit in an AC supply of frequency o.

(c) Derive an expression for the quality factor (Q-factor) of a resonant series LCR circuit.
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(d) A series LCR circuit has L = 0.1 mH, C = 100 pF, and R = 5 Q. Calculate the resonant frequency
and the Q-factor of this circuit.

(e) What is meant by power factor? Discuss its importance in AC circuits.
2+Q+1)+2+(1+1)+(2+1)

7. (a) State and explain Biot-Savart law for the magnetic field due to a steady current. Using Biot-Savart
law, derive an expression for the magnetic field at the center of a circular loop carrying current /.

(b) Using Biot-Savart law, show that V-B=0, where B is the magnetic field. Explain the physical
significance of this result.

(c) Define the magnetic vector potential 4. 2+4)+(3+1)+2
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