Finding the Characteristics of
Arbitrary Transmission Lines

A transmission-line analysis isn't always possible using the
“book” formulas. Heres a way of handling that situation.

ransmission lines, in various

forms, are used in great num-

bers in radio frequency (RF)
equipment. Fig 1 shows five common
transmission lines, as well as a totally
arbitrary transmission line. Although
one may believe that the important
properties of transmission lines, such
as the characteristic impedance are
easily obtainable from readily avail-
able formulas, it is shown that this is
not always the case. This article de-
scribes my efforts to overcome this
when designing a high-power 144- to
146-MHz valve amplifier, although
the technique has much wider use in
the design of microwave circuits, RF
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relays, directional couplers, etc.

Transmission lines such as coaxial
cable, twin-wire feeder, microstrip
and stripline have distributed induc-
tance along the conductors and dis-
tributed capacitance between the
conductors, so a section of line can be
represented by Fig 2.

The values of the distributed capaci-
tance and inductance determine such
properties as the characteristic im-
pedance Z;, which is calculated using
Eq 1.
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For example, a transmission line hav-
ing a capacitance of 100 pF/m and an
inductance of 250 nH/m would have a
characteristicimpedance of 50 Q. They
also determine the velocity, v, at which
a radio wave propagates in the trans-

Eq1l

mission line, according to Eq 2:

v=—1—m/s

JLC
Therefore, a transmission line with
C=100 pF/m and L=250 nH/m would
propagate a radio wave at 2x108 m/s.
Since radio waves propagate at
3x108 m/s in free space, the velocity
factor of the transmission line would
be 2x108/3x108 = 0.66. These are com-
mon values for coaxial cables.

Eq 2

Finding the Properties of
Common Types of Transmission
Lines

Given knowledge of the physical
dimensions of coaxial cable and the per-
mittivity of the dielectric, its properties
can easily be found with a few simple
formulas. For example, the character-
istic impedance Z is given by Eq 3:

December 1996 3

























Notes - added on 24/12/1999 (after publication)

1) Thereisan error in equation 3 - the €o should not be there.
2) An updated (Windows 95/98/NT) version of the programme may be found on my web site -
http://www.medphys.ucl.ac.uk/~davek



