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Why 75 ohms?

By Lawrence W. Lockwood
Prncipal Sorertst. Vicdeo Technoloped Conbsd o
Eani Const Comespondsnl

Even though tha pace foward fiber oplics in
broadband communications, and in CATY
espacially, is speading along at a breathtaking
clip, coaxial cable will be with us for some time
yet. Only the furthest extrapolations of proposed
network architectures for the residential market
(eg., CATV) anticipate fiber all the way through
the drop. Hence, this somewhal lightheared
reatment of a question fundamental to the use
of coax {"Why 75 ohms?") Is not out of order

For usain video and broadband data transmis-
100, two coaxial cable impedances are univer-
sally used—50 ohrns and 75 ohms. While 75
ohms is the standard used In baseband video
and CATV transmission, 50 ohms is widaly usad
in various AF applications. How did these values
come o be standards and why are they used
in various areas?

Coaxial cabile is a concentric iransmission lina
inwhiich ihe electromagnietic wave is propagated
through & dislactnc mediuem bounded by two co-
axial cylinders. Since the current peretration al
microwave frequencies is small (skin depth at 1

GHz is approximately 000008 inches), the only
imponant dimensions anas the diameter (d) of the
center conductar and the bore (D) of the outer
conducior, and the chamcienisticimpedanceis
aiven by
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L and C are the inductance and capaciance per
unit length and

€ is the dielectric constant of the medium be-
twean the eylinders (€ is 1 for air),
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The relation of tha ratic of the diameters io the
impedances of a few representative cables is
shown in tha accompanying table

Different views

But back o the question of why 75 ohms. Un-
fortunately, there is not a unique and universally
accepled answer 10 the question. | will present
two schoals of thought on the subject that
although differant have their advocates

Ona view! forwards a proposal that foflows a

“Unfortunately, there
is not a unique and
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SPECIALISTS

impedances and
diameter ratios

Cable impedance Diameter ratio
{ohms) outer conductor (D)
inner conductor (d)
(inches)
1.65
230
a.50
530
12.20
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1
Characteristic iImpadance of an air dislec-
tric ransmission fing s directly propor-

tional to the logarithm of the ratio of
diameters.
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logical analysis. Differant impedance values are
optimum for differant parameters. Maximum
power-camying capacity. for instance, occursat
a diameter ratio of 165, which corresponds 1o
30 chms. (See accompanying figura) This is
derived from V&2, and from the maximum
wvoltage V that can be sustained without braak-
down. The optimum diameler ratio for voltage
breakdown, however is 2.7, corresponding loan
impeadance of 60 ohms.

Power-carrying capacity based on breakdown
voltage ignores the current derisity, which is high
al low impedances such as 30 ohms. Altenus-
tron due to conductor losses alone is almast 50
percent higher at that impedance than at lhe
minimum: aflenuation impedance of 77 ohms
(diametar ratio 3.8), This ratio, howswver, is limited
o only about one-hall the maximum power of
the 30 ohm impedance lina

It 15 likely that in the early days, when micro
wave power was hard o come by and lines there
fore would not be taxed to capacily, low attenua-
tion was the overniding lactor thet led o the selec
tian 77 (or 75) chms as a slandard for carrier
wave (CW) transmission. This, of coursa, resulad
in hardware of cernin fixed dimensions. Later
oft, whan low-loss dislectng materials wers devel
oped that made flexible mcrowave cables prac-
tical, the ne dimensions remained unchanged
to permit mating with existing equipment

The dislectric constant of polyethylens is 2.3
The impedance of a 77 ohm air line is reduced
o 51 ohms when lilled with polyathylana

Ly = ??.'.,,‘{_ = F77. ] 23 = 51 ohms

Eventhough 51 ohms is still in use today along
with 51.3, 52 and 53 ohms. the standard for prec:
SI0n work is now an even 50 ohms

Anciher view® on the origin of impedance
values s a bit more anecdotal. It holds that since
most efficient impedance 1o use when transmit-
ling amy signal—considenng the votages, cur-
renis and powers 1o be transmitted —ms 75 ohms
this would be the only standard if these were the
sole considergtions The telephone industry,
followed by the TV industry, uses 75 ohimns aimost
exslusively for the transmission of video base-
band and IF requencies. Howeaver, the military
sarvices during the pericd 1820 and 1840 were

i ce and
parameter vaiues

o
030 s0 77

Optimum parameier values ocour at
different impedance values.

Impedance (ohms)

faced with a dilfering need for low radation angle
omnidirectional antennas for broadeasting ship
1o ship, airpor 1o tower 1o low living aircraff and
basa stabon o ground troops. The only antenna
that would give this performancea was the vertical
ground plane in s many forms, which turned
out to be 50 ohms. Themilitgny standardized on
50 ohm impedance and spent vast sums of
money developing cables and connactors for 2l
8 coax systerms

Well, as promisad, there are two views on the
ofiging of the two characterstic coawal cabla m
pedances widely used in broadband tranamis-
sion. Tha first is a little more elegant—iha type
fhat often ends up in texts and leads studerds
1o balieve that all the world evolved in a logical
progression. The second reflects a view hat
treats iife and advances a bit more pragmatically
You pays your money and you tekes your
choice b=
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