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PCEE 4302

Sixth Semester Examination — 2011

ELECTROMAGNETIC THEORY

Full Marks —70

Time : 3 Hours

Answer Question No. 1 which is compulsory and any five from the rest.

The figures in the right-hand margin indicate marks.

1. Answer the following questions : 2x10

(a) Find the volume of a sphere using the elementary volume of a sphere.

(b) Evaluate the dot product of the unit vectors in the cylindrical coordinate.

(c) Express the divergence of a vector A in spherical coordinates.

(d) What ié the electric field inside a uniformly charged spherical shell ? Why ?

(e) Two uniform line charges of density kP, =2 nC/m lie in the y = 0 plane at
x = +2 m. Find the electric field at (3, 0, 5) m.

(f) A circular disk of radius 3m with a charge density p, = 4sind nC/m? is
enclosed by a surface S. What net flux crosses S ?

(g) Four equal point charges, Q = 10 nC are located at 2, 3, 4, 5 m. Find the
potential at the origin.

(h) Find the current in a circular wire of radius 2 mm if the current density
through the wireis J=15(1-¢ ™) a, Alm?.

(i)  Whatis the magnetic field at a general point in spherical coordinates due to
a differential element I dl at the origin in the positive z direction.

(j) Give an expression for the uniform piane wave traveling in the negative y

direction
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(a)

Compute the flux crossing a 1 mm by 1 mm are on the surface of a
cylindrical shellatr=10m,z=2mand ¢ =60°if D = 2xa +2(1 ~y)ay+4za1
C/m?. Interpret your result. 5
Two uniform line charges of 5 nC/m are parallel to the x axis, one atz =0,
y =-=3m, and the other is at z = 0, y = 5 m. Find the electric field at
4,2, 1)ym. : 5

Derive an expression for divergence in the spherical coordinates. Utilize this to

find out the divergence of a vector Aifitis givenas A = (5/r2)ar+(10/sin6)a“~

r‘ea,. 10

(a)

(@)

Find the capacitance per unit length of a coaxial conductor with outer radius
4 mm and inner radius 0.5 mm if the dielectric has a permittivity of 5.2.
Derive the formula used. 5

The region between two concentric right circular cylinders contains a
uniform charge density. Use Poisson’s equation to find the potential. 5]

Two identical circular current loops of radius r =3 m and I=20A are in
parallel planes, separated on their common axis by 10 m. Find the magnetic
field at a point midway between the two loops. : 5

Given the field H=6rsin¢a _+ 18rsin6 cos$a,, evaluate both sides of Stoke’s
theorem for the portion of the cone bounded by r=2,r=4, ¢ =0, ¢ =0.4n.
Let the direction of dS be + a,. 5

In a certain region of space, B is given by 0.1xa,_+ 0.2yay— 0.3za,. Find the
total force on the rectangular loop lying in the z = 0 plane and is bounded by
x=1,x=3,y=2andy=5m. 5
The rectangular loop as given in Prob. 6a. is now subjected to the B
produced by two current sheets, K,=400a, A/matz =3 and K, =-300a,
A/maty =0, in free space. Find the vector torque on the loop referred to
the origin at (0, 0, 0). 5

Derive an expression for the uniform plane wave starting with Maxwell's
equations. Why do you obtain a wave propagation ? 6
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(b) Derive an expression for the skin depth in a good conductor. What is its
meaning ? 4

8. (a) Compute the total power contained in a uniform plane wave as derived in
Prob. 7a. 6

(b) Explain plane wave propagation in lossy dielectrics. 4
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