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498 WAVES AND TRANSMISSION LINES [CHAP. 12
If a cross-section of the coaxial line is drawn to scale with conducting paint on a
sheet of space paper, 69 Q is measured directly on an ohmmeter connected between
the inner and outer conductors.

When this resistance-measurement method is applied to open types of line
such as a two-wire line, the sheet of resistance material should extend out to a
distance that is large compared with the line cross-section if accurate results are
to be obtained.

Although graphical, analog-computer, and digital-computer methods can be
applied to two-conductor lines of any shape, some configurations yield to a simple
calculation. Thus, for the coaxial line of Fig. 12-13 we have from (6-10-8) for L
and (4-12-2) for C that its characteristic impedance

(21)
If there is no ferromagnetic material present, p = p, and (21) reduces to
138 - b i
Zo=-=log- (@) | Coaxial 22)
e 7% line impedance
where €, = relative permittivity of medium filling line, dimensionless
a = outside radius of inner conductor
b = inside radius of outer conductor, same units as a
For an air-filled line €, = 1, and (22) becomes
b 5
Z, =138 log— Q) (23)
a
/ el _ FIGURE 12-13
;li'r::nggﬂlssion Coaxial transmission line with 18.3 transmis-
Quter conductar sion-line cells in parallel and 2 in series.
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Example 12-2 Circular coaxial line. The air-filled coaxial line in Fig. 12-13 has 2
radius ratio b/a = 2. Find its characteristic impedance.
Solution. From (23)
Zo=138log2= 414 Q (exact)
From the graphical field map in Fig. 12-13
N 2
7 =—3767 =03 7 =412 :
Zy N 376.7 83 376 12Q (map)

p

This value agrees well with the exact value.

In a similar way, the characteristic impedance can be obtained for a two-
wire line, as in Fig. 12-14. Thus, if D > a, we have

D D
ok 1; \/% In— = 073 \/% log— (@ S5

If there is no ferromagnetic material present, 4 = Ho and (24) reduces t0

Two-wire line

impedance (25)
where €, = relative permittivity of medium, dimensionless
D = center-to-center spacing (see Fig. 12-14)
a = radius of conductor (in same units as D)
If the medium is air, € = 1, and (25) becomes
D
Zo=2761og 3 (9)} (26)

The impedances of various media and lines are summarized in Table 12-1.

12-6 THE TERMINATED UNIFORM
TRANSMISSION LINE

Thus far we have considered only lines of infinite length. Let us now analyze the
situation where a line of characteristic impedance Zo is terminated in a load
impedance Zp, a$ in Fig. 12-15a. The load is at x =0, and positive distance X is
measured to the left along the line. The total voltage and total current are expressed
as the resultant of two traveling waves moving in opposite directions as on an

- @ FIGURE 12-14

Two-wire transmission line.
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