The Hows and Whys of
Coaxial Cable

How to select the most appropriate kind for your need.

Hams have used coaxial cable for trans-
mission lines almost since its invention
nearly 50 years ago, but many don't know
why or how this trend started. Although
much has been written on the subject, I'm
frequently startled to hear so much misinfor-
mation chatted about on the ham bands, even
by old-timers who should know better. Per-
haps this article will help newcomers and
old-timers alike clear up misconceptions and
make more educated decisions regarding this
important piece of station apparatus.

Why Coax?

Why do we use coax, and why is most of it
50 ohms nominal impedance?

This is the best question anyone can ask.
Before there was coaxial cable, amateurs and
professionals alike used primarily open-wire
transmission lines, typically in the 300 to
600 ohm nominal impedance range. Some-
times they used no transmission line at all—
they just directly fed antennas with a single
piece of wire, In the latter arrangement, the
connection wire became part of the antenna
system itself. and radiated along with the an-
tenna. The drawback 1o this scheme was that
the connecting wire’s orientation would play
a critical role in antenna performance, and
often a high-voltage point would appear right
at the antenna connection to the transmitter,
creating both RF interference and even pos-
sibly fire hazards when the wire would come
in proximity to combustible materials.

Open-wire “balanced feeders” helped
solve some of these problems. Because the
currents in the feeder wires were balanced
(assuming a well-balanced load, or antenna),
feedline radiation was minimized and the RF
field contained to a very small arca around
the wires. By orienting the feeders perpen-
dicular to the intended antenna field, antenna
radiation pattern distortion would also be
minimized and antennas could be better opti-
mized. Open-wire “balanced feeders” were
also a natural for connecting vacuum-tube
push-pull amplifier circuits to balanced an-
tennas without the need for complex match-
ing networks. Tube amplifiers are normally
high-impedance devices whose output
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impedance is roughly equivalent to the plate
voltage divided by the plate current of the
output stage. Thus, a tube amplifier with
1,000 volts on the anode, drawing 500 mA
anode current (this is a 500 watt stage),
would have a plate load impedance of about
2,000 ohms. Matching 2,000 ohms to a 600
ohm open-wire feeder connected to a 600
ohm balanced antenna required only a trans-
formation ratio of 2000:600, or 3.33:1,
which was easily achieved by a very simple,
low-loss “link output” circuit.

The problem with open-wire lines, and

“Coaxial cable solves a great
number of problems and that is
why it is used so universally in
amateur as well as non-amateur
communications systems.”

“twin-lead,” which is identical to open-wire
except that the dielectric (spacer insulation)
15 a continuous strip of material (such as
polyethylene), is that they are adversely
affected by conducting objects in close
proximity to them. They cannot be taped or
otherwise directly attached to metal towers,
masts or antenna booms, and even water,
snow or ice laying on them dramatically
increases their losses. Twin-lead and open-
wire feedlines must be carefully insulated
and spaced from all surrounding objects and
cannot be directly buried beneath the earth.
Besides all this, they still radiate to some
degree, especially if terminated in any kind
of unbalanced load. And, although the
current in high-impedance feedline is lower
than it would be in lower-impedance (coax-
ial) cable, making IR (ohmic) losses lower,
voltages are much higher, to the point where
exposure to living organisms (like people!)
can be deadly hazardous. For example,
if someone were running the amateur legal-
limit power level of 1,500 watts PEP out-
put and using a 600 ohm antenna and feed-
line, the voltaze across the feedline would
be 948.68 volts (calculated by the for-

mula: E= VPxR

This is quite a lot of voltage and is con-
sidered by all authorities to be extremely
hazardous.

Coaxial cable to the rescue! Coaxial cable
is self-shielding and, if well-made, does not
radiate at all when properly terminated in a
matched load. Since the outer conductor
(shield) normally operates at ground poten-
tial, coax can be secured to all sorts of ob-
jects, including tower legs, metal masis and
booms, and almost anything else that comes
1o mind, making its installation extremely
uncritical. If the coax has the proper outer
jacket material, it may be buried beneath the
earth for many years without degradation.
Coax is unaffected by the presence of water,
snow or ice. Although the nominal
impedance of coax is lower than open wire
line and it therefore has higher IR (ohmic)
loss, its lower impedance allows direct pow-
er transfer to low-impedance antennas (a
half-wave dipole in free space, for example,
looks like 70 ohms) and keeps the voltage
across the feedline and antenna connection
points to a safer level. A 1,500 watt PEP out-
put transmitter connected to a 50 ohm anten-
na will have only 273.86 volts across the
feedline—still a somewhat hazardous level,
but about one-fourth that obtained using a
600 ohm system. Because coaxial cable’s
working voltage is quite low, its insulating
dielectric material may be optimized for
minimal loss, rather than maximum insula-
tion resistance.

Why 50 Ohms?

Clearly, coaxial cable solves a great num-
ber of problems and that is why it is used so
universally in amateur as well as non-ama-
teur communications systems.

“Why is most coaxial cable 50 ohms nom-
inal impedance?”

This can best be answered in two parts: (a)
Coax isn’t all 50 ohms, but commonly runs
from 30 ohms to 90 ohms, and sometimes
even a bit higher when called for. Impedance
selection is very application-dependent. (b)
50 ohms represents an excellent compromise
between the lowest possible transmission


















