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adjustable balun

How convenient it would be if all Yagi
beams presented a 50-ohm, unbalanced,
non-reactive load at the feedpoint! Un-
fortunately, this is not the case, as most
single-band Yagis exhibit a balanced
feed-point impedance in the range of 18
to 30 ohms. Off-resonance, the im-
pedance becomes complex, varying in the
typical manner shown in fig. 1A. More-
over, when using a center-fed dipole the
feedpoint impedance is balanced to
ground, and an unbalanced coaxial feed
system can result in degraded antenna per-
formance. Poor front-to-back ratio, noise
pickup and TVI may be some of the
problems arising from improper attention
to system balance.

A number of interesting matching and
balancing systems have been evolved from
time to time to solve these problems, and
the better solutions work quite well, This
article discusses an adjustable trans-
formation linear balun of a type that has
seen service in commercial installations
over the vyears. However, its use in
amateur circles has been restricted, possi-
bly because of lack of knowledge regard-
ing its operation. The balun will provide
an adjustable step-up impedance match
plus an accurate transformation from an
unbalanced to a balanced mode for load
values of about 10 to 50 ohms. Best of
all, it is easy to adjust. Here’s how you
design, construct and tune this interesting
device.



the L-network

The adjustable balun is derived from
the basic L-network shown in fig. 1B. By
the use of a combination of a series and
shunt reactance the low-impedance load
may be matched to a high-impedance
source. Transformation ratios up to ten
or more are common. Two lumped con-
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Vhf (left) and hf (right) balun construction.
Balun tubes are locked in position by phenolic
blocks. Inner conductor of coaxial line crosses
over and is soldered to opposite tube. Short
lengths of copper ribbon provide easy connec-
tion to dipole element.
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stant L-networks are shown in fig. 2.
They are conjugate networks, the sign of
the series and shunt impedances being
reversed between the A and B versions.
The A network is rather common in
amateur equipment;! it may be recog-
nized as the output section of the popular
pi-L network circuit.

fig. 1. Yagi-beam impedance plot in A is
similar to that of a dipole. Resistive
component increases with frequency; re-
active component is negative below
resonant frequency and positive above it.
L-network in B consists of series and shunt
reactances and may be used to match a
Yagi to 50-ohm coaxial line.
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The configuration in fig. 2B is used
less often although it performs in the
same general fashion as the A network.
Thissecond version of the L-network is the
one used in the adjustable antenna balun
described here.

In both versions, X|_ and X represent
real components, and R represents a
resonant antenna load. If the antenna is
deliberately made non-resonant, however,
it may be adjusted to simulate a complex
impedance containing the desired value of
either X or Xc. Specifically, if the
dipole antenna element is longer than
resonance, it exhibits inductive reactance
(Xp) at the center terminals; if it is
shorter than resonance, it exhibits capaci-
tive reactance (Xc). Thus, varying the
length of the antenna beyond the reso-
nant point eliminates the real com-
ponents X|_ (in network A) and Xc (in
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network B). The L-network may be re-
duced to an off-resonant antenna, and
either a parallel capacitor or inductor
may be used, depending upon the type of
network.

may take the form of a shorter-than-
resonant dipole. In addition, the lumped
inductor X|_ may be removed and a
shorted segment of transmission line sub-
stituted as shown in fig. 4.

Base end of hf (left) and vhf (right) baluns. Adjustable shorting bar is visible on hf balun. Extra
shorting bar has aluminum boom clamp mounted on it. Coaxial line passes out of balun tube and has
female type-N coaxial fitting (UG-23B/U) fitted at end of line. Vhf balun has one adjustable shorting
bar (not in photograph) with copper shorting bar sweated to bottom of balun tubes. One tube is a
few inches longer than the other and has a modified UG-18B/U coaxial plug soldered to the tube. In
the hf balun, the coax braid is soldered to the end of the copper tube and the joint wrapped with
vinyl electrical tape. The braid is completely removed in the vhf balun with the inner conductor of
the line soldered directly to the coaxial fitting; the inner conductor is passed through the tube to the
opposite end.

balanced L-network

There still remains the problem of
connecting an unbalanced coaxial trans-
mission line to a balanced antenna
element. Fig. 3 shows the network of fig.
2B redrawn for a balanced condition. The
ground point is moved to the center of coil
XL, and two capacitors, each double the
value of X are placed in series with the
load. As before, if the load is considered
to be an antenna, the series capacitance
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The configuration is the mechanical
heart of the adjustable balun. A shorted
transmission line less than one-quarter
wavelength long presents an inductive
reactance at its open end. A shorter-than-
resonance dipole presents a capacitive
reactance at its terminals. If the length of
the line segment (or stub) and the length
of the dipole are properly chosen, the
components of the impedance matching
network are reduced to a few lengths of



tubing, two of which are the halves of the
driven element in the beam antenna.
The linear L-network is easily con-
verted to a practical balun transformer as
shown in fig. 5. Points A and B of the

fig. 2. Conjugate L-net-
works. Netwoark A is
preferred when l(oad
reactance may be nega-
tive. Network 8 is pre-
ferred when load re-
actance is positive. For
reactance ranges com-
mon to Yagi antennas,

either network may be X = Rin - R
used. ¢ XL

balun are balanced to ground and present
the correct impedance to match the
shortened dipole. The unbalanced coaxial
line may be brought into the balun
through one of the balun tubes, with the
center conductor of the coaxial line
crossing over at the end of the device to
contact the opposite balun tube, as
shown in the illustration. Of course, the
impedance of the coaxial line must be
held to the original value as it passes
through the balun tube. By adjusting
both the shorting bar on the balun and
the length of the dipole this simple device
will provide excellent balance and trans-
former action.

Balance is achieved by permitting the
outer shield of the coaxial line to assume
the potential of the balun tube as it
passes from the grounded end (C) to the
terminal end (B). Cross-connecting the
center conductor to the opposite balun
leg insures 180° phase reversal is main-
tained.

network transformation

The reason the L-network is able to
transform one impedance value 10
another is that, for any series circuit
consisting of a series reactance and resist-

X, = V(Ry *R)- R2

ance, an equivalent parallel network
which possesses the same impedance
characteristic can be found.? The general
case for determining the values required
for any two impedances to be matched

ow
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by the L-networks of fig. 2 are sum-
marized by the following equations:

Rin
— =Q2% +1 1
R (1)
X
Q=-% 2
= (2)
q= Rin (3)
Xp
Where Rjin =the input impedance,

R = the load impedance, Xg=the series
reactance, Xp = the parallel reactance,
Q =the circuit Q, and the series and
shunt reactances are of opposite sign.

For easier usage with 50-ohm lines,
these formulas may be reduced to the
ones shown in fig. 2 with the relationship
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fig. 3. The L-network of fig. 2B redrawn for a

balanced source and load. Points A and B are at
equal and opposite potential to ground.
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between Xg, Xp, Rin and R given in fig. 6.
The reactance values are in ohms and may
be translated to picofarads and micro-
henries with the aid of a reactance chart.”

balun design

Once the transformation ratio and the
values of series and parallel reactance

ADJUSTABLE

SHORTING
B4R

wavelength long, constructed in this

fashion, is:
XL =2Zp tanl

where X|_ = inductive reactance in ohms,
Z = characteristic impedance of the
balun line, and ! = length of the balun line
in electrical degrees.

T TO DIPOLE
% ANTENNA

COAXIAL LINE FROM
TRANSMITTER

LINE SEGMENT <% —————"

fig. 5. Linear transformer of fig. 4 is modified into balun by passing coaxial line down one leg.
Points A and B are balanced to ground. Inner conductor of coaxial line is cross-connected to
opposite balun leg. The impedance transformation is adjusted by varying length of the balun and

tength of driven element of antenna.

have been established, the physical balun
may be designed from transmission-line
formulas. The fact that a shorted, two-
conductor transmission line of the proper
length exhibits inductive reactance at the
terminals makes it possible to substitute
such a line for the inductor in an L
network. The amount of reactance shown
by the line segment is determined by the
characteristic impedance and the elec-
trical length of the two-conductor line.
The inductive reactance of a shorted
lossless balun line, less than a quarter-

je——— Live sEGMENT <_1‘L —

fig. 4. The inductor X_ in fig. 3 may be
replaced with a segment of shorted
transmission line. Points A and B are at
equal and opposite potential to ground,
C.
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Fig. 7 is a plot of balun line length (/)
in electrical degrees as a function of the
ratio of load impedance to balun im-
pedance (a). A plot of the ratio ¢ in
terms of line length in feet for the
20-meter band is given in fig. 8. These
charts provide sufficient information to
build your own linear balun.

practical balun transformer

A balun transformer built along these
principles is shown in the photographs.
For convenience the balun is made of
3/8-inch diameter hard-drawn copper
tubing. The feedline, RG-8A/U cable, will
just pass through the tubing when the
braid and the vinyl jacket are removed
from the line. Using a center-to-center
spacing of 3 inches, the balun line will
have a characteristic impedance (Zg) of
about 325 ohms.

The Smith chart may also be used for im-
pedance transformation. See P.H. Smith’'s
book, “‘Electronic Applications of the Smith
Chart,” published by McGraw-Hill.
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fig. 6. X and Xc values for antenna load R.
This chart may be used for determining balun
reactance values when a 50-ohm transmission
fine is used. For example, if the load impedance
(antenna impedance at resonance) is 25 ohms,
the capacitive element (X¢) of the bajun of fig,
2B is 25 ohms, and the inductive element (X )
is 50 ohms, The chart may be used with the
balun of fig. 2A if the naomenclature of the
curves is reversed (X becoming X¢ and X¢
becoming X ).

Assume the impedance of the trans-
mission line is 50 ohms and the antenna
load is 20 ohms. Using fig. 6, the value of
X¢ is found to be -24.5 ohms, and the
value of X is +41.5 ohms. Turning to
fig. 7, the ratio of X} to balun charac-
teristic impedance (g) s
41.5/325 = 0.127 as noted on the y-axis.
The value for /, as found on the x-axis is
about 7.5 electrical degrees.

To get the answer directly in feet, fig.
8 may be used for the 20-meter band. In
this example for 0 = 0.127 (read as 0.125
on y-axis) the balun length is about 1.4
feet, or 16 inches.

The chart of fig. 6 has indicated that
the series reactance (Xc) for this example

*As antenna length decreases, feedpoint
impedance decreases, too. The decrease typ-
ically runs about 10% to 15% for the range
encountered in matching a three-element Yagi
beam to a 50-ohm transmission line.

is ~24.5 ohms. This reactance takes the
form of a shorter-than-resonance driven
element. The amount of shortening re-
quired is a function of the length to
diameter of the element and the feed-
point impedance at resonance of the
element.* The amount of shortening may
be computed easily for a single dipole
element, but no information exists (that |
am aware of) that permits this computa-
tion to be made for a muiti-element Y agi
beam. Consequently, the shortening
necessary to bring the driven element to
the proper reactance value is best deter-
mined by the heuristic method — cut and
try! For a three-element 20-meter beam,
shortening the driven element about three
to six inches each side seems to bring
things into the bali-park.

adjusting the balun

The balun transformer may be pre-set
and attached to the beam antenna. The
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LENGTH IN ELECTRICAL DEGREES

fig. 7. Balun length in electrical degrees as a
function of the ratio of the load impedance to
the balun impedance (X, /Z4).
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balun can run parailel to the boom for
convenience at a distance of about six
inches from the boom. Positioning the
balun closer to the boom will necessitate
a change in setting. The driven element,
for a starter, should be shortened about
three inches on each tip (for 20 meters).

The excellence of adjustment is ascer-
tained by running an swr curve across the
band, making a measurement every 50
kHz or so. Balun length and driven-
element length are then adjusted to drop
the swr curve to a 1-to-1 ratio at or near
the center of the band. Adjustment is not

T-watt composition resistors of known
value, The calibrated transformer balun
may then be used backwards, as it were,
to determine the feedpoint impedance at
resonance of the antenna.

Various adjustable baluns are in use at
WGSALI. A permanent one is placed on the
beam antenna, and two others are cali-
brated for use around the shack on
experimental antennas. The balun for
high frequency work is about five-feet
long and has center-to-center spacing of 3
inches. The vhf balun is about the same
length (approximately 1% wavelengths at

fig. 8. Balun conversion a3so l
chart for 20 meters, 0325 I
Balun length in feet 0300
may be determined if & 0275 - Z_,_ri L
resonant antenna toad " 6250 ]
and balun impedance o i
are known. Ratio of :.0'225
these two items s o|g 0200 4 —[
found on y-axis, and ‘téo,l?s
balun length is read on §§ 0i50 A
x-axis. Chart may be ":% o258 L_L_.__(___ /] - ] 1
used for other bands ol 1 j
{multiply lengths by 2 @ 0100 / V i
for 40 meters, divide by 0075 v v
1.5 for 15 meters, 0.050 1 t 4’%&
divide by 2 for 10 0.025 v
meters, etc. [] H
[ 05 1o 15 20 25 30 35 40 45 50

critical, and if you log your adjustments
you will guickly be able to estimate the
degree of change necessary to adjust the
system ‘‘on the nose.” Adjustments of
balun and dipole length are interlocking,
but setting the balun to the length in fig.
8 for a given value of antenna load and
preshortening the driven element a few
inches will insure that the starting point is
not too far out of line.

For convenience the feedpoint im-
pedance of the three-element Yagi beam
may be taken as 20 ohms. In fact, it is
possible to calibrate balun length versus
terminal impedance in the home work-
shop using a grid-dip oscillator, an an-
tennascope or swr meter and a handful of
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LINE LENGTH FOR 20 METERS (FEET)

144 MHz) with a center-to-center spacing
of 1% inches. The extra half-wavelength
was added to the vhf balun to permit
measurements to be made without the
operator being in the immediate field of
the antenna.

Baluns of this general type may also be
used as step-down transformers to match
balanced load impedance in the range of
50 to 300 ohms to low-impedance coaxial
lines — but that’s another story.
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