Capacitance of a Coaxial
Transmission Line

Recall the geometry of a coaxial transmission line:
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We earlier determined that if a potential difference of Vj volts
is placed across the conductors, the surface charge density on
the inner conductor is:

gl 1
Pe () = In[b/a]a

(p=a)



The total charge @ on the inner conductor of a coax of length
¢ is determined by integrating the surface charge density
across the conductor surface:

Note since p_, (r)=D(r)-a,, we would have arrived at the same
result by using:
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We can now determine the capacitance of this coaxial line!

Since C = Q/V, and since the potential difference between the
conductors is V = V,, we find:
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This value represents the capacitance of a coaxial line of length
¢. A more useful expression is the capacitance of a coaxial line
per unit length (e.g. farads/meter). We find this simply by
dividing by length ¢:
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Note the longer the transmission line, the greater the
capacitancel!

This can cause great difficulty if the voltage across the
transmission line conductors is time varying (as it almost
certainly will bel).

For long transmission lines, engineers cannot consider a
transmission line simply as a "wire" conductor that connects
circuit elements together. Instead, capacitance (and
inductance) make the transmission line itself a circuit element!

In this case, engineers must use transmission line theory to
analyze circuits |



