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386 Chapter 9 Coaxial RF Technology

where

D = the inner diameter of the shield
d = the outer diameter of the center conductor
¢ = the dielectric constant

9.2.3 Attenuation as a Function of Frequency

Signal loss (attenuation) through coaxial cable can occur through any of four
principal means:

e Radiation out of the cable due to imperfect shielding
o Resistive losses in the cable conductors
» Signal absorption in the dielectric of the cable

e Signal reflection due to mismatches between the cable and terminations or
along the cable due to nonuniform impedance

Even when cables have perfect shields, exact impedance matches, and uniform
construction, imperfect dielectrics and resistive conductors will cause loss. The
general equation for this residual cable loss is

o= 4.344(Z£)+ 2.774F e f 9.2)
0

where

o = the attenuation of the cable in dB/100 feet*

R = the effective ohmic resistance of the sum of the center and outer con-
ductors per 100 feet of cable length at f

F, = the power factor of the dielectric used
f = the frequency in MHz

The currents in the conductors are proportional to the strength of the mag-
netic fields at the conductor surface. If the conductors had no resistance, the RF
currents would travel only on the surface. In real conductors, however, the cur-
rent extends into the conductor, decreasing exponentially with depth. This prop-
erty is known as skin effect, and the distance from the surface to where the
current has decreased to 1/e (36.8%) of the surface amount is known as the skin
depth at that frequency. It is related to frequency by the formula

* In accordance with common North American practice, all attenuation values will be given in deci-
bels per 100 feet of length. This has the advantage that signal loss becomes a linear function of
length and of simple conversion to metric units of length.

20



9.2 Coaxial Cable 387

1 / p
6 =— 260 _ [— 9.3
f Pc =t

& = the skin depth in mils (thousands of an inch)

where

p/pc = the resistivity of the conductor relative to copper
f = the frequency in MHz!

The formula is valid only for nonferrous materials such as aluminum or copper.
Over a typical downstream frequency range of 54-750 MHz, the skin depth in
copper will vary from 0.00035 to 0.00009 inch and will increase to 0.0012 inch at
S MHz (the lower end of the upstream frequency range).
The effective resistance of the conductor is the same as if it were a tube of ma-
terial whose thickness is equal to the skin depth with the current distributed
equally throughout its volume. The resistance of this tube will be

R= 0.0996£ \/E (9.4)
d \pc

R = the resistance per 100 feet of the conductor

where

p/pc = the resistivity of the conductor relative to copper
f = the frequency in MHz
d = the conductor diameter in inches

Taking into account the resistance of both center and outer conductors, Equation
(9.2) can be rewritten as

o= 0;33 \/PZ/PC N x/Pg/Pc T +2774(FE o) (9.5)
0

where
p4/pc = the resistivity of the center conductor material relative to copper
pp/p. = the resistivity of the shield material relative to copper

This has one term that increases as the square root of frequency and one that in-
creases linearly with frequency. For most cable constructions (discussed later),
the conductor loss will dominate the dielectric loss so that the overall cable atten-
uation will increase approximately as the square root of frequency. Figure 9.2
shows the specified variation in loss for several cables in comparison to an ideal
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Figure 9.2 Cable loss: specified versus ideal.

square-root relationship (with the curves matched at 100 MHz). Note that the
agreement is excellent for cables ranging from drop sizes to the largest trunk ca-
bles, indicating the relatively small contribution from dielectric losses.

A common cable construction, known as P3, utilizes a solid aluminum outer
conductor, a foamed dielectric (v& = 1.15), and a copper-coated aluminum center
conductor. It is available in a number of nominal sizes (referenced to the outer di-
ameter of the aluminum shield in inches). For this family of cables, the attenua-
tion can be approximated using

o= [5’3‘036] JF +0.0002f (9.6)

where

o = the attenuation in dB/100 feet
D, om = the nominal shield outer diameter in inches
f = the frequency in MHz

Other cable types using thinner shields and/or air dielectrics will have slightly

lower losses for the same outer diameter, whereas solid dielectric cables will have
higher losses.

22





