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11.8: Transmission Line with Losses

The voltage and current on a lossless transmission line must satisfy the following equations:
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These are a direct consequence of Maxwell’s equations. Strictly speaking, they are only correct providing that €, the dielectric
constant, is truly a constant and therefore independent of frequency. Even the best of dielectric insulating materials exhibit some
losses that are frequency dependent: in many cases the imaginary part of the dielectric constant is proportional to the frequency. For
a time dependence exp (int) the above two equations, (11.8.1), become
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where € may have real and imaginary parts, both of which will depend upon the frequency. Solutions of Equations (11.8.2) that are
harmonic in space, i.e. V and I are proportional to exp (—ikz), must be described by a wave-vector k that satisfies the condition

I = epge?,

In the presence of dielectric losses € will in general be a complex quantity, and therefore so also must the wave-vector be complex :

k = +w, /iy (11.8.3)
so that
k =+ (k; —iky). (11.8.4)

The general solutions of the wave equations (11.8.2) for the voltage and current on the transmission line in the presence of a lossy
dielectric can be written

V(z,t) = [aexp(—kaz) exp(—ik;z) + bexp(ksz) exp(ik;z)] - exp(iwt), (11.8.5)

I(z,t) = Zio [aexp(—koz) exp(—ik;z) — bexp(kqsz) exp(ikiz)| exp(iwt),

where (ky/k1) < 1 for a high quality cable, and ki, k; are the real and imaginary parts of the wave-vector. Notice that k, must be
positive in order that the amplitude of the forward propagating wave decays with distance.

In actual fact, part of the energy loss as a wave propagates down a transmission line is due to Ohmic losses in the skin-depth of the
conductors: i.e. the metal electrodes do possess a finite conductivity and therefore there are energy losses due to the shielding
currents that flow in them. It can be easily shown, using the methods of Chapter(10), that the rate of energy loss in each conductor
per unit area of surface is given by
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< Sy > is the time averaged Poynting vector component corresponding to energy flow into the conductor surface, oy is the dc
conductivity of the metal wall, Hy is the magnetic field strength at the conductor surface, and o = 2xf is the circular frequency.
This energy loss must be added to the energy loss in the dielectric material. The conductor losses can be taken into account by

increasing the imaginary part of the wave-vector, kp, in Equations (11.8.5). One can write
V(z,t) = [aexp(—az) exp(—ikiz) + bexp(az) exp(+ik; z)] exp(iwt) (11.8.6)

I(z,t) = Zio[aexp(—az) exp(—ik;z) — bexp(az) exp(+ik;z)| exp(iwt)

where « is an empirical parameter whose frequency dependence can be measured for a particular cable. The constants a,b in (
11.8.6) must be adjusted to satisfy the boundary condition at the position of the load; i.e. at the load Z; = V/I. For a cable having a
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characteristic impedance Zg that connects a generator at z=0 with a load at z=L this condition requires

7y, [ aexp(—al) exp(—ik; L) + bexp(aL) exp(ik; L)

Zy aexp(—aL)exp(—ik;L) —bexp(aL)exp(ik;L) |’
from which
b Zr,—1
—= [ L - 1] exp(—2aL) exp(—2ik; L).
a Z(]
Using the previous notation z; = Z;/Z, and zg = Zg/Z, and
zL — 1 .
=——=|T 0
L =Tl exp(i0)

one finds

14T exp(—2aL)exp(—2ik; L)
1 —Texp(—2aL) exp(—2ik; L)

zZg = . (11.8.7)
Equation (11.8.7) shows that the impedance seen by the generator approaches the characteristic impedance of the cable if the load
is connected to the generator through a cable that is long compared with the attenuation length (1/cv).

Characteristics for a few representative co-axial cables are listed in Table(11.8.1), and their attenuation lengths at a number of
frequencies are listed in Table(11.8.2). The length of cable for which the amplitude of a voltage pulse is attenuated to (1/e)= 0.368
of its original amplitude is given by (1/c). For example, this attenuation length is 9.8 meters for RG-8 cable at 5 GHz.

The attenuation parameter, c, for the cables listed in Table(11.8.2) are observed to be approximately proportional to 4/w, and this
suggests that most of the losses in these cables is due to eddy currents in the conductors.

Cable | Outer Diam. | Characteristic Velocity | Capacitance
in inches | Impedance,Ohms | m/sec Farads/m

RG-8 0.405 52 1.98 x 10% | 96.8 x 107**

RG-58U 0.195 53 1.98 x 10% | 93.5 x 1072
RG-59U 0.242 75 1.98 x 10® | 68.9 x 1072
RG-62U 0.242 93 2.52 x 108 | 44.3 x 10712
RG-174U 0.100 50 1.98 x 10% | 98.4 x 10712

Table 11.8.1: Characteristics of some commonly used commercial co-axial cables. The dielectric material between the conductors
is polyethylene. The data was taken from the 1985/86 catalogue of RAE Industrial Electronics Ltd., Vancouver, BC.
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Cable 1.0 10.0 50.0 100 200 400 1000 | 3000 | 5000
RG-8 5.67 2.08 4.91 7.18 1.02 1.55 0.030 | 0.060 | 0.102
x107 | x107% | x107* | x107% | x1072 | <1072
RG-58U 1.25 4.72 1.19 1.74 2.61 3.97 6.61 | 0.142 | 0.227
x1073 | x1073 | %1072 | x1072 | %1072 | x1072 | x1072
RG-59U 1.25 4.16 9.07 1.28 1.85 2.64 4.53 | 0.100 | 0.196
x107% | x107% | %1073 | %1072 | 1072 | %1072 | %1072
RG-62U 9.4 3.21 7.18 1.02 1.44 2.00 3.29 1 0.070 | 0.113
x107% | %1073 | x107% | x1072 | x107% | x107% | x10°?
RG-174U | 8.69 1.47 2.49 3.36 4.53 6.61 1.13 | 0.242 | 0.374
x107% | %1072 | x1072 | x1072 | x1072 | x1072 | x10°!

Table 11.8.2 Frequency dependence of the attenuation parameter o for some selected co-axial cables. V(z) = Vg exp (—az).
Frequencies in MHz. The data is taken from the 1985/86 catalogue of RAE Industrial Electronics Ltd., Vancouver, BC.

11.8: Transmission Line with Losses is shared under a not declared license and was authored, remixed, and/or curated by LibreTexts.

https://phys.libretexts.org/@go/page/23246



https://libretexts.org/
https://phys.libretexts.org/@go/page/23246?pdf
https://phys.libretexts.org/Bookshelves/Electricity_and_Magnetism/Book%3A_Applications_of_Maxwells_Equations_(Cochran_and_Heinrich)/11%3A_Transmission_Lines/11.08%3A_Transmission_Line_with_Losses
https://phys.libretexts.org/Bookshelves/Electricity_and_Magnetism/Book%3A_Applications_of_Maxwells_Equations_(Cochran_and_Heinrich)/11%3A_Transmission_Lines/11.08%3A_Transmission_Line_with_Losses?no-cache

