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DIFFERENCES BETWEEN CIRCUIT THEORY AND
ELECTROMAGNETIC FIELD THEORY

Circuit theory

(S

CJ) R

6.

N

9.

10.

14,

15.

16.

Deals with voltage (V) and
current (I)

V and I are scalars

V and I are produced from E and
H respectively

V and [ are functions of time (t)

Radiation effects are neglected
Using circuit theory, transmitter
and receiver circuits can be
analysed and designed. But it
cannot be used to design or
analyse a medium like free space
This is simplified approximation
of field theory

The variables of circuit theory, V

and [ are integrated effects of
variables of field theory E and H

Circuit theory cannot be
used to analyse or design a
complete communication system

Is useful at low frequencies

. At low frequencies the length of

connecting wires is very much
smaller than A

. Cannot be applied in free space
. Is simple

Basic laws are Ohms law,
Kirchoff’s laws

Basic theorems are Thevenin’s,
Nortan’s, Reciprocity,
Superposition, Maximum power
transfer theorems

Basic equations are Mesh/Loop
equations

Field theory
Deals with Electric (E) and Magnetic
(H) fields
E and H are vectors
E and H are produced from V and |
respectively
E and H are functions time (f) and space
variables (x, y, z) or (p, ¢, z) or (r, 6, 0)
Radiation effects can be considered

Using field theory, the medium also can
be designed and analysed

This is a more accurate theory

The variables of field theory, E and H
are integrated effects of variables of
circuit theory V and I

Field theory can be used where circuit
theory fails to hold good for the analysis
and design of a communication system
Is useful at all frequencies, particularly
at high frequencies

At high frequencies the length of
connecting components are of the order
of A

Is applicable in free space
Is complex but it is simplified by using
appropriate mathematics

Basic laws are Coulomb’s law, Gauss’s
law, Ampere’s circuit law

Basic theorems are Reciprocity,
Helmholtz, Stoke’s, Divergence and
Poynting theorems i

Basic equations are Maxwell, Poissioni
Laplace and Wave
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