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B.Sc. (Semester — V) Examination, October/November 2017
PHYSICS (Paper - IV)
Electromagnetic Theory — |

Duration : 2 Hours Max. Marks : 80

Instructions : 1) All questions are compulsory.
2) Symbols have their usual meaning, unless otherwise specified.
- 3) Figures to the right indicate full marks.
4) Use of calculators is allowed.

Given : g, =8.85x10"'2 C*/N/m".

1. Answer any four of the following : (4%x4=16) |
a) If o(x,y, z) = 3x%y — y°z2. Find gradient of ¢ at the point (1, -2, —1).
b) Given ¢ = 2x%?z. Find V.(V¢).

c) A point charge Q is kept near grounded conducting sphere. Use method of
images to find the location of its induced charge.

d) Determine the value of E in a material for which the electric susceptibility is
3.5 and P =2.3x107 C/m?, assuming P and E in same direction.

e) What do you mean by energy density in an electrostatic field ?
f) Define capacitance of a conductor.

- 2. Answer any four of the following : - " (4x4=16)

a) The electric field in some regionis foundtobe E = kr°f in spherical coordinates.
Find the charge density p. ;

b) Find curl A at the origin where A = 2yi + (x* + z°)j + 3yk.

c) Three charges are situated at the three corners of a square of side ‘a’ as
shown in the fig. How much work does it take to bring in distant charge, + q,
and place it in the fourth corner ?
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d) A sphere of radius R contains total charge Q that is distributed according to
the charge density p=kr where ris the distance from the center of the sphere
and k is a constant. Determine an expression for Q in terms of k and R.

e) Derive an expression for the electrostatic potential difference between two
conducting concentric spherical shells each having negligible thickness. The
inner shell has charge Q and the outer has charge —Q.

f) Prove uniqueness theorem related to the solution of Laplace’s equation.

3. A) Prove that V.(¢F) = Vo.F + ¢V F. 6
OR
A) State and prove Stokes theorem. 6

B) A thin conducting spherical shell of radius R is charged uniformly with total
charge Q. Using direct integration, find the potential at an arbitrary point.

i) inside the shell

ii) outside the shell. ' 6

4. A) Show that §(kx) = |—|](—|8(x) where k is constant and §(—x) = §(x) - 6
OR

A) What is an electric dipole ? Derive an expression for potential energy of an
electric dipole in an external electric field with—gatrand g atr + 1 in the limit
of small 1. 6

B)- A point charge Q is kept near grounded conducting plane. Use method of
images to find the location of its induced charge. 6

5. A) Show that the polarisation of dielectric medium gives rise to volume density
of charge p, = —V.P. and surface charge density o, =P.n. , 6

OR
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A) For apoint charge in dielectric medium, show that the electric field is reduced
by factor K from its value in free space. Also find an expression for polarisation
P of the medium.

B) Show that the tangential component of the electric field is continuous across
an interface of two media in contact, with surface charge density ¢.

6. A) Obtain an expression for Langevin-Debye formula for effective dipole moment
of polar molecules. Explain with a plot of the Langevin function.
' OR

A) Obtain the condition for permanent polarisation for ferroelectric materials.

B) A parallel plate capacitor of plate separation d and length | has the region
between its plates filled by a block of solid dielectric of permittivity <. If the
dielectric block is withdrawn along its | dimension until only x remains between
the plates, calculate the force tending to pull the block back into place.




