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Coaxial Line made from perfect conductors with vacuum dielectric

Current | injected onto center conductor .

Magnetic field loop at radius r_._-—--- ﬁ

Infinitesimal line length. |
Current -I returned from outer conductor

The enclosed current outside the coax is zero so within it at radius r, by Ampére's law
gﬁ Bas= 2nrB=p,I,, =n,1
where B is the magnetic field, I the enclosed current andy, is the permeability of space
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Considering the volume within a short length of line, the energy is
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and energy per unit length is
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Stored energy is related to inductance and current by
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Considering a short section of coaxial transmission line made from perfect conductors,
a vacuum dielectric and a Gaussian surface at radius r with length | and with charge q and -g
on the conductors as shown, the charge/length = % =a

Gauss' law gives magnitude of electric field, E pointed toward the center
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Referencing the outer conductor as one side of a capacitor with V,=0

the voltage across that capacimr is the potential difference to the inner conductor
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so the capacitance per unit length is
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Fig. 4
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drR . . . =, shunt conductance per unit length
——, series resistance per unit length ~ dx

——, series inductance per unit length 4

dx d—f, shunt capacitance per unit length

Inserting Heaviside's model into a circuit with source (transmitter) and load

Yz || L Rezo
L=x

Using image parameter theoryl, a complex propagation constant

describes the line.

y=a+jp=y(R+julLl(G+juC)

o= attenuation constant, nepers/meter (= §.69 dB/meter) and  =phase constant, radians/meter

. Rlc G |L —
for low loss li =——+— =—andp=w+LC
or low loss line o I 2hjan ESTORM

For the ideal, lossless case, R and G are zero so that the propagation constant becomes only imaginary.
y=a+jp=0+joLC
With sinusoidal (CW) drive from the source, the voltage at point 1 on the line isy=a+ jp=0+jw VLC

V=V,sinlwt)e "

The characteristic impedance is Z; :,lr%

The propagation velocity (phase velocity) of the voltage or current is U, = %: %
J

Using the values derived in Figs 2,3 in the absence of any loss, dielectric or permeable material
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Fig. 5

"Matthei, Young,Jones, Microwave Filters; Impedance-mnakching Nawarks, and Coupling Structures McGraw Hill 164, Chapter 3, p49 ff
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with ¢ and n, defined as universal constants €,1s derived from them:
=299792458 meter/second, speed of light in a vacuum
u,=4mx10"" Henry/meter, permeability of space

_ 1 S
£,= E-Z—u- Farad/meter, permittivity of space

within classical physics, it has been accepted that a wave in free space propagates at
the speed of light, c, and that space itself sets a maximum impedance of

Z e =lgC= \r"—E—Eﬁa 377 ohms

Referring to Figs. 2-3 and Fig. 5, using Heaviside Telegrapher's Equation

— m, b,
Coax Impedance Z,= \IE':T exceeds Z. .= % when

In|( g }>2m which occurs at geometries where ( g] >e* =535
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becomes less than €, the permittivity of space

and

L,:?—;m {g] becomes greater than u,, the permeability of space
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Z, exceeds e 377 ohms which is the impedance of free space.

Fig. 6
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Longitudinal e-field lines return to the central conductor
and are associated with a propagating TM wave around it

and are associated with a propagating

outer conductor of the coaxial port
TEM wave in coax

e-field lines return current to the

Fig. 7
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