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PHYSICS — GENERAL

(2018 - 19 and 2019 - 20 Syllabus)
Paper : GE/CC-2
(Electricity and Magnetism)
Full Marks : 50

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

(H
(2

2. (a)
(b)

(c)

(b)
(c)

State Thevenin’s theorem.

Define relative permittivity of a dielectric medium.
Write down the expression of potential for a dipole with moment p .

What will be the impedance of a series LCR circuit at resonance and why?

Two straight wires, each of 10 cm long, are parallel to each another and separated by a distance
of 2 cm. If currents of 30A and 40A flow through them respectively, then calculate the force
experienced by either of the wires.

State Gauss’ theorem in electrostatics.

Give physical explanation of Poynting vector.

Derive Coulomb’s law from Gauss’ theorem. Write down the essential assumptions for this derivation.

If the intensity of the electric field near the earth’s surface is 330 V/m directed downwards, calculate
the surface density of charge on the earth’s surface.

Find the expression of Energy per unit volume in electrostatic field. (4+1)+3+2

Write and explain Norton’s theorem for linear network with proper circuit diagram.
Show that the efficiency during maximum power transfer is 50%.

Find the characteristic impedance of an LCR series circuit.
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(4)

(d)

4. (a)
(b)

(c)
(d)

(b)
(c)
(d)

(b)

(c)
(d)

(b)
(c)

Find the Thevenin equivalent circuit representation of the following circuit.

100Q 150Q

00 v, 50

AW, M1,
—>

V=24V

3+2+2+3
Define electric susceptibility and permittivity.

Two point charges of magnitude +¢ are situated at (a, a, 0) and (a, 0, 0) respectively. Calculate the
dipole moment of the charge distribution.

What do you mean by linear and non-linear dielectric medium?

State Coulomb’s law. Find the electric potential and field due to a uniformly charged disc at the
centre of it. 2+2+2+4
In case of a long solenoid show that the magnetic field intensity at a point well inside the solenoid is
double that at the end.

What is Lorentz force?

How can you distinguish between a ferromagnetic, paramagnetic and diamagnetic material?

A magnetic shell is in the shape of a disc of radius 0.05m. Its intensity of magnetization is 3-2 x 10°
A/m and its thickness is 2mm. Calculate the potential and magnetic field on the axis of the disc at
a distance of 8 cm from the centre. 3+2+2+3

What do you mean by self-inductance of a coil?
Show that the magnetic energy stored in an inductor is given by W = 1 L.
2

What is a magnetic dipole?

An electron of an6at0rn moves a round a nucleus in a circular path of radius 5-26 x 10" m with a
velocity 2-2 x 10 m/s. Calculate the magnetic field at the centre and equivalent magnetic dipole
moment of the orbit. [Charge of the electron = 1-6 x 10719C]. 2+3+2+43

Write down the Maxwell’s equations of electromagnetism in free space with the explanation of the
symbols.

Deduce the equation of continuity for current density.

Find the dimension of the electric displacement vector D. 4+4+2
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Answer question no. 1 and any four questions from the rest.

Answer any five questions : 2x5

(a) Find a vector perpendicular to the plane of the vectors 4 =372 + 4k and B =i+ ] - 2k.



(b)
(c)
(d)

(e)

€y)
(@

- (a)

(b)

(c)

. (a)

(b)

(c)

. (a)

(b)

(c)
(d)

. ()

(b)

(7)

Find the SI unit of permittivity (g,) of free space.
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Write down the expression of potential for a dipole with moment p .

Two metal plates of area 2m? face each other with a separation of 10 cm and carry equal and
opposite charges on their inner surface. If the electric field between the plates is 100 N/C, find the
charge on the plates.

Two straight wires, each of 10 cm long, are parallel to one another and separated by a distance of
2 cm. If currents of 30A and 40A flow through them respectively, then calculate the force
experienced by either of the wires.

State Lenz’s law for electromagnetic induction.

What is Poynting vector?

Calculate V [%), where 7=xi+yj + zk
r

Prove that V x ((]) 17) = (? (|)) xV + (§ X V) for a scalar field ¢ (x, y, z) and a vector field

V (x, v, z). Now take 7 to be a non-zero constant vector field ¢ and use Stokes’ theorem to

prove that (ﬁq)d r= ”a@ x V¢, where the closed curve C is the boundary of the surface S.
C S

Find the value of ‘a’ for which the vectors 2/ — 3f +4k and af + 6f — 8k are collinear.
3+(2+3)+2

State and prove Gauss’ theorem of electrostatics. Using this find the electric field near a uniformly
charged plane sheet.

If the intensity of the electric field near the earth’s surface is 330 V/m directed downwards, calculate
the surface density of charge on the earth’s surface.

Find the expression of Energy per unit volume in electrostatic field. (3+2)+3+2

Define electric susceptibility and permittivity.

Two point charges of magnitude +¢ are situated at (a, a, 0) and (a, 0, 0) respectively. Calculate the
dipole moment of the charge distribution.

What do you mean by linear and non-linear dielectric medium?

State Coulomb’s law. Find the electric potential and field due to a uniformly charged disc at the
centre of it. 2+2+2+4
In case of a long solenoid show that the magnetic field intensity at a point well inside the solenoid
is double that at the end.

What is Lorentz force?
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(c)
(d)

6. (a)
(b)

(c)
(d)

(b)
(c)

How can you distinguish between a ferromagnetic, paramagnetic and diamagnetic material?

A magnetic shell is in the shape of a disc of radius 0.05 m. Its intensity of magnetization
is 3-2 x 10° A/m and its thickness is 2 mm. Calculate the potential and intensity on the axis of the
disc at a distance of 8 cm from the centre. 3+2+2+3

What do you mean by self-inductance of a coil?
Show that the magnetic energy stored in an inductor is given by W = 1 L.
2

What is a magnetic dipole?

An electron of an atom moves round a nucleus in a circular path of radius 5-26 x 10" m with a
velocity 2-2 x 10® nvs. Calculate the magnetic field at the centre and equivalent magnetic dipole
moment of the orbit. [Charge of the electron = 1-6 x 107" Cl. 2+3+243

Write down the Maxwell’s equations of electromagnetism in free space with the explanation of the
symbols.

Deduce the equation of continuity for current density.

Find the dimension of the electric displacement vector D. 4+4+2




