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Advance Electromagnetic Field Theory (041709)

1. A horizontal infinitesimal electric dipole of constant current is placed symmetrically about the
origin and directed along x-axis. The components of magnetic field in far field will be?

Solution: The arrangement of the current element is shown in figure given below.

As it is mentioned that the current is x directed, therefore, the vector magnetic potential will also be x-
directed and it will be symmetric about θ and φ. Hence the vector magnetic potential in the far field
will be

(r) = ( dl/4πr)

It is worthy to note that, we have assumed that the current element radiates in free space, therefore,
the vector magnetic potential, ˜ A and magnetic field intensity, H are related to each other by, H =
∇× A. As the vector magnetic potential is in the Cartesian co-ordinate system, we need to convert it
into the Spherical co-ordinate system. This can be achieved by using the following matrix formula.

=
sin θ cos Φ sin θ sinΦ cos θcos θ cos Φ cos θ sin Φ −sin θ−sin Φ cos Φ 0

Now, the components of the vector magnetic potential in spherical coordinate system will be,
= sin θ cosΦ
= ( dl/4πr) sin θ cosΦ
= cos θ cosΦ
= ( dl/4πr) cos θ cosΦ

= (−sinΦ)
= ( dl/4πr) (−sinΦ)

Now, from the curl equation, we can easily determine the components of the magnetic fields in far
field. Writing the curl equation in spherical coordinate system



∇  × A =

φ

/ r  /   /  
φ

Solving the curl equation given above we get,

2. a) A z-directed infinitesimally small dipole of length λ/50 is operating at 30 MHz. Determine the
minimum distance from the antenna where the angular distribution of the fields are independent of the
distance from the antenna.

Solution: The minimum distance from the antenna where the angular distribution of the fields are
independent of the distance from the antenna indicates the beginning of the far-filed regions. The
lower boundary of the far field region can be determined by using R = 2 /λ . Where, D indicates the
maximum dimension of the antenna.

So, R =2 /λ
=2 /(50 × λ)
= 2 /( ・ 50 )
=2 × 3 × 10 /(50 × 30 × 10 )
= 8 × 10 m
= 8 mm



b) An infinitesimally small dipole is z−directed and fed by an uniform current of I = 0.5sin(ω t).The

radiated power density in the far field is given by = θ/ ・ Watts/ .Compute
the radiation resistance of the antenna in the far field.

Solution: The radiated power density of the antenna is given as = θ/ ・

Watts/ . So, the total radiated power over a spherical surface or radius ‘r’ can be determined
by performing an integration over the surface. Thus,

As. the current in the dipole is sinusoidal, hence, its r.m.s value can be easily calculated as √ =
.√

= 0.36A. So, the radiation resistance, radiated power and the r.m.s value of the current are related to
each other by = | | ・ . Thus,

3. a) An antenna is radiating in an lossless, non-magnetic medium of unknown dielectric constant. It

has a far-field electric field given by = ( . ) sin . If it radiates a total power of 200 mW,

determine the dielectric constant of the medium.

Solution: Let us assume the wave impedance of the unknown, lossless and non-magnetic medium is

η. In the far-filed, the wave are of TEM
r

types. Hence, the magnetic field at the far-field will be

= =
.

r sin θ. Thus, total radiated power by the antenna can be calculated by computing

the Poynting vector. So,



b) A certain antenna with an efficiency of 95% has maximum radiation intensity of 0.5 W/Steradian.
Determine its directivity when the input power is 0.4 W.

Solution:

4. An air-filled rectangular waveguide has cross-sectional dimensions a = 6 cm and b = 3 cm. Given
that, = 5 sin(2πx/a)sin (3πy/b) cos(1012 −βz) A/m  the intrinsic impedance of this mode and the
average power flow in the guide are



Solution:



5. The longitudinal electric field for mode is given by = sin(5 ) sin (8 ) V/m.
Derive remaining field components and dispersion relation of the mode. Find the cut-off frequency
and phase velocity of the mode at a frequency twice the cut-off frequency of the mode.

Solution:


