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Transmission Lines

By ROBERT C. PAINE

to its present high frequencies we

EFORE radio communication went
used to think of a transformer as

two coils of wire wound together-

on an air or iron core. But at the higher
frequencies used today, a transformer
can be just a pair of heavy conductors
(a section of transmission line or co-
axial cable). This is the quarter-wave
transformer or Q-section, as it is used
by hams.
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Fig. 1—A quarter-wave matching transformer.

The first two articles in this series
(December, 1948, and February, 1949)
described several uses of transmission-
line sections for impedance matching.
The quarter-wave transformer converts
the ratio between the impedance con-
nected to one end and its own impedance
to the reciprocal of this ratio at the
other end of the transformer. Fig. 1 is
an example. The characteristic imped-
ance Z,, of the quarter-wave transform-
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Fig. 2—The Q-section is well known to hams.

The quarter-wave section—how its impedance-inverting

qualities are used to make it a matching transformer,

an insulator, or to balance junctions of unlike lines

er (determined by the diameter and
spacing of ifs wires) 18 150 ohms. The
impedance of the folded dipole con-
nected to one end of the transformer is
300 ohms. The ratio, therefore, of the
antenna to the transformer impedance
is 2. Since the reciprocal of 2 is %%, the
impedance at the other end of the trans-
former is one-half Z,: 150/2, or 75
ohms. A 75-ohm line can be connected
to this 75-ohm impedance, the net effect
being to match the 76-ohm line to the
300-ohm antenna. This use of the Q-
section is common in FM and TV prac-
tice when the receiver input is designed
to match a 75-ohm line.

The radioman often has to find the
correct impedance of a quarter-wave
transformer to match two known im-
pedances. If the input or line impedance
is called Z,, that of the quarter-wave
matching transformer Z,, and the load
impedance Z,, the formula is:

Z, = / Z.Z,
In other words, simply multiply the in-
put and load impedances together and
teke the square root (the geometric
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Fig. 3—A co-axial quorter-wave section.
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.mean of the two values) for the imped-
.ance of the matching section.

Since the characteristic impedance of
a line is usually nearly pure resistance,
the quarter-wave transformer can
match it only to a load that is also pure
resistance. The impedance of any kind
of load as seen at the points in the
standing wave (see earlier articles in
this series) where the voltage is at a
minimum (node) or maximum (anti-
node or loop) is pure resistance. If the
load happens to be reactive and not pure
resistance, the transformer should be
located at one of these points. At a
voltage antinode the resistance equals
the standing wave ratio times the char-
acteristic impedance, or s.w.r. X Z,. At
a voltage node the resistance equals
Z,/s.w.r.

The Q-section transformer

*As an example of the Q-section used
by amateurs, take a half-wave dipole of
72 ohms impedance to be coupled to a
600-ohm line of parallel wires supported
on insulating spreaders. The required
impedance of the Q-section equals

V72 X 600 = 208 ohms. Two Y%-inch-

- diameter tubes spaced 1% inches be-

tween centers would give this imped-
ance, as calculated by the formula for
impedance of parallel conductors given
in the December installment of this
series. This Q-section is shown in Fig. 2.
On co-axial lines at ultra-high frequen-
cies the quarter-wave transformer may
be in the form of a sleeve over the
center conductor. Fig. 3 shows the end
of a co-axial line with such a sleeve
transformer. The characteristic imped-
ance of the co-axial line depends on the
ratio D/d of the inside diameter of the-
outer sheath to the outside diameter of
the center conductor. Then the imped-
ance of the line can be decreased for
the last quarter-wavelength by making
the inner conductor larger (d’) to form
a quarter-wave transformer. This sleeve
forms a section of lower impedance than
the rest of the line.

The quarter-wave transformer is a
quarter-wavelength only at a given
frequency and functions properly only
in a relatively narrow band near this
frequency. To pass a wider band the
transformer may consist of a series of
two or more sections in graduated im-
pedance steps. The more steps used, the
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Fig. 4—Sample wide-band matching section.

wider the band transmitted. The author
has shown elsewhere! how to compute
these steps logarithmically. Fig. 4
shows a two-step multiple transformer
for connecting a 50-ohm line to a 70-
ohm load. This two-section transformer
practically eliminates standing waves

-in the range 70 to 110 me. (s.w.r. =

1.03). If a single-section transformer
were substituted the s.w.r. would be
1.13 in this range.
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