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Answer five questions by selecting two from Section A, two from Section B and one from
Section C.

Section A
Select two questions from this section.
Q1.
(a) Let E = (2xy + z3)u, + x*u, + 3z%xu,.

i) Show that E is a conservative vector field.
ii) Find its scalar potential.
iii) Find the work dane in moving a charge from (1, —2,1) to (3,1,4).

by fA=xyu, + yzgy + 2xz u,, show that the line integration of A along the closed
path of a triangle with its vertices at (0,0,0), (0,2,0) and (0,0,3) results.in zero.

(c)

i) What is an irrotational vector field?
i) Given a vector function F= (Zy—ci2)u, + (cox — 22)uy, — (c3y + 2)Us.
Determine the constants ¢y, ¢; and c3 if F is irrotational.

Qz.
{a) State Divergence theorem.
(b)Let B =r?u, + 2z u,

i) Determine the net flux of the vector field B leaving a closed surface defined by
r=R,z=0andz=h.
ii) Verify your result using divergence theorem.
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V.E=0,
V.H=20,
—_84 - ' -
VXE= o
: 9E
VxH= 2%
Show that E and H satisfy the wave equation
‘ 2,, 9%
Veu = e

Q3.
(a) Verify the following vector identities in Cartesian coordinates,

i) V(AXB)=B.VXA—AVxB

if) VX (VxA)= V(V.4) — V24

iii) V.pA = A.Vp + ¢V.A
(b) For two continuous functions f and g Green’s theorem is written as

J[Jov2s - gv2pr.ar = [[ 75~ gvp.as
Evaluate
[, e (siny dx + cosy dy),

where C is the rectangle with vertices (0,0), (m, 0), (m, 1:-) and (0, g).

{c) An electric field is given by E = siny u, + x(1 + cosy)u,,. Evaluate the line integral
over the circular path x2 + y2 = g2, z = 0.
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Section B
Select two questions from this section.
04.
(a) State Coulomb’s law for electrostatic charges.
(b) Using Coulomb’s law, determine the fundamental units of the permittivity of free space.

(c) Show that the electric potential caused at a distance r = R by a Iong,.thin transmission
line of radius a < R, with a reference zero potential at = Ry and carrying a charge g C/m,
is

q R

q5 = _E—TEIHR—O

Hint: [ \/¢121+—x2dx =In [sec (tan‘1 E) + ﬂ + conatant

Qs.

(a) Derive the Poisson equation for the electric field.
(b) Show that the electric potential at the point P in the figure is given by

1 i
v= -]
dmeg brg Ty

P

(c} lf r is much greater than the separation distance show that the potential at P may be
gcost
Amegr? ”

(d) Draw the potential distribution with the distance.

approximated hy =
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Qs.

{a) The center conductor of a coaxial cable carries a current I; in the +u, direction (out of
the page) and this current return-in the outer conductor. Calculate the magnetic flux density
both within the coaxial cable and in the region external to the outer conductor:

(b) Calculate the capacitance of a coaxial cable whose length is Az and it consists of a
cylindrical metallic rod whose radius is @ and it is surrounded concentrically with a metailic
sleeve whose radius is b. There is a dielectric material separating the two conducting
surfaces and it has a relative dielectric constant &,..

Section C

Select one quéstion from this section.

Q7.

(a) Write Maxwell’s equations.

(b) Derive the continuity equation for charge density p from Maxwell’s equétions.

(c) Find a charge density p that could produce an electric field E = E,cosxcostu, in
vacuum

(d) Show that the two "divergence" equations are implied by the two "curl" equations and
the equation of continuity.

Qs.

(a) Define Poynting vector. What physical quantity does it represent? What is the direction
of Poynting vector?

(b) The electric and magnetic fields in free space in the spherical coordinate system are
given by

E= g-sinEJ cos (wt - 2__3_1:1*)29 V/m

H=-

. 2nr
o Sinf cos (a)t - —3——) ug A/m

i) Determine the Poynting vector.

ii) What is the direction of power flow?

ili) Determine the total average power leaving spherically closed regions of radius
100 and 1000m.
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