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Balanced Feed Systems with Coax
WILFR ED M. SCHERER, W2AEF*

Here are the answers ta the questions of how to balance a coax
feed system and tune the beam for maximum transfer of energy.

Dual Transm iulon Line

In Figure 1B two lengths of coax are run side
by side all the way from the t ransmi tter to the
antenna. T he outer conducto rs are connected at
the ends of the cables , thus placing the line imped-
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TH E MOST POP ULAR ty pes of tran smission Jines
for feed ing antennas, pa rticularly ro tating

beams, are Twin Lead and coaxial cable. Both types
have advantages or d isadvantages over one another
as has been outlined elsewhere.!

P robably the most common fau lt found with the
use of coax line is that the antenna becomes un
balanced to g round and the symmet ry of the entire
system is upset. T he desirabi lity o f balance has been
pointed out in other antenna a rticles,a and it is of
special concern where beams are involved. Several
relat ively simple methods of obtaining balance
using coax are possible and will be described herein.
These methods ha ve been previously discussed
separately in one fo rm o r another ; however, a com
pilat ion into one art icle, togethe r with practical
const ruct iona l and matching data, should prove to
be of 'in terest.

The Bazooka

Figure 1A is tha t of the well-known bazooka. At
the antenna end o f the transmission line a section
of coaxial cable one quar ter wavelength long is
mounted fo ur to six inches (not cr it ical ) from the
regular feed line and parallel to it . Connections are
made as indicated in the diag ram. T he quar ter
wave line, in conjunction with the outer conductor
of the regular t ransmiss ion line, between points
x and Y. then forms a shorted quarte r-wave t rans
for mer and places point x a t a high impedance to
g ro und or to point y. Po int z is also at the same
impedance point and the ba lanced value looking
into the antenna is that of the coaxial line. For the
most popular cables this witl be either 52 or 72
ohms.

\Vhen calcula ting the leng th of the qua rterwave
section, it is not necessary to consider the velocity
constant ( V .P. ) o f the cable because the dielectric
in this case is the ai r space between the two pieces
of coa x.

T he formula for the quarterwave bazooka sec
t ion is :

Fig. I. Four method s using eeex for balonced feed.
IA ) is th e ba:r:ooko, (B J is d ual coax, Ie) is the phase
invert er ?f impedance transfNmer, and 10) is a

q uarte r-wave matchi n~ transformer.
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ances in ser ies and resulting in an impedance of
twice that of each cable, o r, in the case of 52 acd
72-ohm lines, 104 a nd 14-t ohms res pect ively. Both
inner conductors a re at the same impedance above
ground and the line is ba lanced. Each conductor"
also is shielded. The ground junction o f the shields
at the antenna end may be connected di rectly to the
center of the antenna.

This method of obta ining balanced Ieed is the
simplest and is par ticularly good for reception. A s
the line is balanced for its full length with the
inner conducto rs shielded, is not very susceptible
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to noise pickup. It has the disadvantage of requr r
ing twice as much total cable and is subject to
higher losses, especially where the length of the
line is considerable.
Phase '"yerter or Im epdonc e Transformer

Figllr,. l C is often mistaken for the bazooka.
t\ctually it is a half -wave re-entrant line forming
a phase inver ter or impedance transformer.v An
elec tr ica l half-wave section of line is folded so
that the inner conductor at each end, a and c, may
be connected to the antenna. T he line f rom the
transmitter is connected to one end of the half-wave
section ; shown in the drawing . T he normal trans
mission line impedance is expressed between points
a and b, and since a line composed of one o r more
half-waves repeats whatever appears at one end,
this same value o f impedance then a ppea rs between
point band c, and is 180 degrees o ut o f phase with
that at a. The total o utput impedance be tween points
a and c will then be four times that o f the coa x ial
line and it will be balanced. In the case of j2 o r
72-ohm cables this will be 208 and 288 ohms re
spectively. P oint b may be connected directly to
the center o f the antenna.

\Vhen calculating the length of the half -wave
sect ion, the velocity constant o f the cable must be
taken into conside ration. For the most widely used
coaxial cables ( polyethy lene insulation ) the V ,P,
is .66.

The for mula for the half wa ..-e section I S :

l th ' f 492
eng 10 eet = -, x V .P.

m.
It is important that the length be figu red with

the fittings c~nnected at tile ends of the cable. This
should a lso incl ude the receptacles shown in the
asse mblie s of Fig. 2. Since the dielectric of the
fitt ings is usually di fferent from that of the cable,
incl usio n of their leng th in the calculations will
st ilt be very slightly in error. \Viherever possible,
the correct length should be determined using a
Grid-Dipper.S

:? H . Bach, Jr•• "The Trombone T", C O , Ma r{'b a n d April.." .
3 W , M, Scht'",r, " AJ.p ll r a t ions or t he Grid-Dip Oeetuerc e",
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R-F voltmeten designed to facilitate rapid and accu 
rate s.w.r. measurements.
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The line from the trans mitter should be (:011 ·

nected as near a s possible to point a , A "T" fitting
at this junction ser ves sa ti s factor ily . This is sho wn
in the photograph.

Quarter- wave Match ing Transformer

Figure I V is s imilar to Fig. t C in tha t the fina l
result is the same. It is not as cumbersome but re
qu ires an additional means of connec ting the trans
mi ssion line. Two sec tions o f cable cut to an elcc
tr ical q ua r ter wavelength are placed side by side
wit h their outer conduc tors connec ted at each end.
T heir im pedances a re in series. T his then forms
a quarter-wave matching transformer having a
surge impedance equal to twice that o f the coax ial
cable. \Vhen a transmission line of the same cable
impedance is connected at the lower end o f the
transformer, the ba lanced impedance appear-ing
between points (J and c will be four times that o f
the line.

Calculat ions for the quarter -wave matching
transformer should be made in the same manner a s
for the hal f-wave pha se invert er o f Fig. t C,

T he fo rmula for the qua r te r- wa ve sec tion is:
2-16

Length in feet = ,- x V.P.m.
These balancing methods may be used in a uum

ber o f ways with different types of antennas. If
the antenna is a half-wave dipole of 72 ohms imped
ance, the bazooka ( Fig. 1 .-1 ) may be connected d i
rectly to the 0 IX'11 cente r of the antenna when the
line used is 72 ohms, \Vhere the antenna is a half 
wave folded d ipole of approximately 2H8 ohms im 
pe dance, the ha lf -wave phase inverter ( Fig. I e ) o r
th e quarter -wave trans fo rmer (Fig . I f) may be
connected d irect ly wi thout the need fo r any ma tch 
ing sys te m. 72-ohm coax line being em ployed.

If t he beam impedance is nca r 52 ohms, the
bazooka may be used di rect ly wi th a j2-ohm line ;
however, 1110st amateur beams ( and we a re co n
cor ned mainly with beams) have an impedance low
er than 52 ohms and a method of matching the
higher im pedance ( j 2-288 ohms) balanced-line sec 
tions to the antenna must be utilized .

The T -ma tch is recommended for thi s purpose.
not on ly because it is simple, but also be ca use a
cor rec t match rna)' easi ly be obtained without the
need to know the antenna impedance which, more
o ften than not. is different from that o f s imila r
duplicate arrays due to differences in spacing,
height above ground. nearby objects. element di
ameters. etc . A number o f amateurs have not had
satis fac tory results with the T -ruatc-h, claiming it i..
impossible to obta in a match, o r that it is too c ritical.
It is o ur belief tha t this has r isen o ut o f incorrect
tuning procedures for we have found it non-critical
and ha n .' been able to reali ze a proper match with
any type of feed line o r antenna when the tuning
methods to be subsequently described were em
ployed.

Simple T-Match

Fi!Jllr.· 2.1 shows the constructional details for
the coax fi tt ing assembly used at the cen ter of the
T -match. T he fi tt ing al so serves a s the center 5Up~

port for the matching device.
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Fig. 2A (rightl. Mechan
ical deta ils of T-mdch eea
nector and support. Fig . 28
(below). Mech.nicet de
fa ils of coal transformer.
to-tran.mission line co up-

ling co nne ctor.
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Adj usting the T.Match

One of the most important requ irements for per
fectly matching any feed system to any antenna,
for the attainment of near unit" standing wave
ratio and a maximum transfer of power to the
antenna, is that the antenna be resonant at the de
sired operating frequency. This can not be stressed
too strongly, for it is impossible to obtain a per
fect match with the antenna incorrectly tuned. T his
is one big reason why many amateurs are unable to
realize a satisfactorily low s.w.r,

Several methods may be employed to resonate
the antenna. It may be accompli shed quickly and
accurately using a Grid-Dipper. The length of the
beam elements should first be set approximately
according to formula. The T -matching section
should be installed on the antenna element, but all
coax cable should be disconnected. Jf any difficulty
is encountered in obtaining a resonant dip on the
•

If the phase inverter of Fig. l C is utilized, the
center male plug of a coaxial T -fi tt ing is inserted
in receptacle E so that the length o f the T -fitting is
at right angles to the length o f the polystyrene
strip. This may be seen in the photograph. One end
of the half -wave line is connected to receptacle F
and the other end is plugged into one of the fre t"
ends on the Tefi tting, The half-wave line may be
left hanging in the shape of a "V," or it may be
rolled upon the boom supporting the beam elements.
The transmission line is joined to the remaining
free end of the Tefitt ing.

If the quarter-wave transformer of Fig. 1D is
to be used, the antenna ends o f the two lines making
up the transformer are connected to both recepta
cles E and F. The transmission line ends are con
nected to receptacles G and H shown in Fig. 211 .
This assembly is made up in the same manner as
that of Fig. 2A . Correct connect ions for the re 
ceptacles are indicated in the drawing. The 'h ans
mission line from the transmitter is plugged into
receptacle J. .

A permanent installat ion o f the bazooka of Fig.
1A has not been made by the writer, but plug-in
assemblies. similar to those already described, could
be devised together with some mechanical means of
spacing the bazooka Jines.
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One inch 6-32 screws, with heads cut off, are
soldered to the center conductor rear terminal"of
each of two female coax receptacles. The rece pta
cles a re then mounted, side by side, on the bottom
o f a piece of polystyrene ~" x 1 ~" x 4". The out
side shells of the receptacles a re joined together .
Another polystyrene st rip, o f the same size, is
cemented on top of the one with the receptacles.
H oles are drilled in the top strip to pass the 6-32
screws on the fitt ings. Polystyrene cement ( Am
phenol 912 coil dope) is applied around the screw
holes to seal them against moistu re seepage.

The ends of the tubing making up the T -match
are flattened and are then bolted to the assembly as
shown in the diag ram. A bracket from the center
of the antenna to the center of the assembly sup
ports the entire unit. The bracket also is connected
to the outer ground shells of the receptacles. After
completion. the assembly is sealed with several
coats o f coil dope.

The tubing used for the T -matching section may
be of the same diameter. or slightly smaller than
that of the antenna, and it should be spaced three
to five inches from the antenna. The length of the
tubing is ultimately determined during the matching
process, but for a start, each half may be about one
six th the length o f the antenna.

' Vhen using the dual coaxial line arrangement
of Fig. 1B, the antenna ends of the lines are plug
ged into receptacles E and F. At the transmitter
end. the two outer, conductors should be fastened
together and «rounded. while the inner conductors
are connected to the ends of the final amplifier
coupling link. A dual receptacle device may be
made up for USe at the transmitter end.
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Fig, 4. Stand ing-wave-ratio meter used in tuning and
match ing tests .
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ttu s meter tor usc wit h open radiators lack ing a
d.c. ret urn path, since a ll our work has been done
with closed radiators. A d,c. return may be obtained
by placing an r. f . choke across the t ransmission line
termina ls and adding cap ac itance , equa l to that o f
the choke, across 1<..

O rig inally some doubt existed as to the accuracy
of this type of s.w.r, meter, because severa l o f the
local boys had difficulty in gett ing consistent read
ings. A read ing o f unity could be obtained out
changing the length o f the feed line resulted in a
high s.w.r. reading. This, o f course, should not
occur if the s.w.r, were really unity. The same er
roneous r esults were found when usin g non-induc
ti ve resistive loads in place of the antenna at the
end o f the transmission line. Since thi s also ha p
pened when using severa l different inst ruments
utilizing the same ci rcuit and with different anten
na installations, it was decided to prove the inst ru
ment by check ing for standing waves through some
other method ; namely, measuring t-he voltage a
cross the line at quarter -wave intervals.

If an open-wire line or Twin Lead were to be
used, no problem would have been involved in ob
ta ining readings across the line; however, with
coax some means was required to reach the inner
conductor in order to connect the r.t . voltmeter .
This was solved by inserting coaxia l T -fittings at
the desired points in the line. This then permitted
a connection to the inner conductor. The circuit fo r
the voltmeter is shown in Fig. 5. A 0-1 rna meter in
series with a crystal diode is connected to the inner
conductor through a 3-12 ,u.~f variable ceramic ca
pacitor. T he other side of the mete r is connected
directly to the outer conductor o f the line. The set
t ing o f the variable capaci to r determines the sensi
tivity o f the device. For convenience, two such
meters were used and the variable ca pac itors were
adjusted for identica l meter read ings when the in
struments were connec ted across the same point in
the line.

T o determine the presence o f standing waves,
the meters a re inserted in the line, via the T-con
nectors, one-qua rter wavelength a part. T he meters
will read the same when the standing wave ratio
is unity. but, under some condit ions, even when
standing waves are present, it is possible for the
meters to read alike. T o check thi s, another sect ion
of line one-eighth wavelength tong is inse rted . If
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Grid-Dipper due to low antenna Q, large d iameter
elements, etc., connect a c rys tal diode and a 0-1
rna meter (o r smaller ) in series between the two
hal ves o f the T -section as shown in hy. 3. Couple

Fiq . 3. Method of employing grid dip oscill ato r for
T-match element tuning adjustments.

the Di pper (used as a signal generator ) to the
an tenn a or Tv sect ion. and tune the antenna fo r
maximum readi ng 0 11 the an tenna meter at the de
sired frequency.

If a Grid- Dipper is not avail able, this same
method may be employed by replacing the Dipper
wi th a coupling link of one or two turns connected
to the t ransmitter via the regu la r feed line. The
physical position o f the link must remain fi xed
while tuning the antenna.

Resonat ing the antenna by shock exc itat ion be
fore the parasitic elements a re install ed is not
recommended. because the resona nt frequency will
shi ft cons idera bly upon install ation o f the ot he r
elements. T his is true especia lly with close-spaced
beams. N eithe r is shock ex cita t ion recommended
with reflector and director elements insta lled and

"pur p osel y detuncd. Later, ad j usting these elements
to cor rect length will materia lly shif t resonance.

Nex t, a standing-wave-rat io meter should be
procured fo r use during the tu ning and mat ch ing
process. T he schemat ic o f the one used by the writer
is shown in Fig. 4. It is simple, non-crit ical , and
has been found to be accurate. A l 50-,u.a meter is
liSed in the instrument to increase its sens it ivity
and thereby per mi t the employment o f the Grid
Dipper as the signa l generator . This makes avai l
able a variable frequency source o f t.L , which is
really a necessity during any ma tching process. It
a lso makes ava ilable an r-f source of lo w power
to minimize useless QR1L T he inst rument is ca li
bra ted by adj ust ing the r.I. input level until the
meter reads fu ll sca le when no load is connected
to the transmission line te rminal s. \Vhen a load
resistor (~-watt ca rbon ) equa l to that o f R is
placed ac ross the output terminal s, the meter read
inK should drop to zero. Load resistors o f other
val ues equal to 1.5 x N, 2 x R, 3 x R . etc ., are
then placed across the termina ls and the meter
readings are noted. T he standi ng wave rat io is
equa l to : l?, l o e ~. where R is equa l to the line

R
impedance as shown in Fig. 4. It is no t necessa ry to
ca libra te the meter for any s.w.r. higher than 3 :1.
Actua lly , we a re interested only in obtai ning a close
to uni ty rat io which is the case when the s.w.r.
meter reads zero. No provision has been included in

•
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Fig. S. Circuit of r.f voltmeters used for coax line
measurements.

the s.w.r. is really unity, the meters will still read
identically. This latter step is also necessary when
using the regular s.w. r . meter, as will be mentioned
late r. Inser ting the voltmeters at various points a
long the line caused no noticeable change in s.w.r,

Now, upon checking with the preceding arrange
ment, the same fallacious results were experienced
as when using the s.w.r, meter. This called for
some measurements of the surge impedance of the
coaxial cable itself . This tu rned out to be 72 ohms
instead of 52 ohms. Yes, the cable was unmarked
and it had been sold to the same group of amateurs
as 52-ohm line. Motto : Be careful when purchasing
coaxial cable unless it has been marked by the
n.anufacturer I

\Vith the S.W.r. meter functioning correctly con
. ect the balanced feed line to the T -match section.
•...:ouple the input of the s.w.rv meter to a variable
source of r.I. such as a Grid-Dipper, standard sig
nal gene rator, or v.I.o. controlled transmitter of
low power. It is best to employ a variable source
of r.I, because it will readily facilitate checking
antenna resonance as the tuning process advances.
The coupling to the r.I. source should be adjusted
for maximum reading on the s.w.r . meter.

Then connect the tran smitter end of the trans
mission line to the output o f the meter. Vary the
frequency of the r .f. generator to the point where
a decided dip occurs in the s.w.r, meter reading.
The frequency at this point should be near that of
the antenna resonant frequency established earl ier.
Adjust the length of the T -match sections by slid
ing the end clamps an inch or two at a time toward
or away from the center of the antenna until the
s.w.r. meter reads as near zero as possible. The
length of each leg in the T -match should be ad
justed equally. After each adjustment, the fre
quency o f the r.f. generator should be shifted for
the greatest s.w.r, meter dip, because the resonant
point may shift slightly after each adjustment. If,
after the s.w.r, has been brought down to as near
unity as possible, the frequency is other than that
desired, the antenna length should be accordingly
altered and the T -match pruned until near unity
s.w.r, is found at the desired frequency. Under
certain conditions it is possible for the s.w.r, meter
to indicate unity even though this may not be the
case, Therefore, as a final check, an eighth-wave
length section of cable should be inserted in the
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line and, if the s.w.r. is really unity the readin& em
the meter will not change.

It will be noted that we have mentioned unity
or near-unity stand ing wave ratio. To many read
ers thi s may appea r far fetched in view of the
unsuccessful attempts by many amateurs to realise
this condition; however, in the numerous tests
made, using the methods described above, no diffi
culty was encountered in easily obtaining an e.w.r.
of 1.1 to 1 and better.

Varying the f requency of the r.I, source will
produce some interesting results in changes of
s.w.r, An idea may be had as to bow broad the
antenna system is for a given s.w.r. On the aver
age we have found conventional 28-me parasitic
beams to vary from unity to 2 :1 o ver about 400 kc
and run up to about 3 :1 or 4 :1 over a range of
1 me,

As a final adjustment the parasitic clementi
should be adjusted for maximum forward gain or
best Iront-to-back ratio, whichever is desired. T he
customary methods of so doing are satisfactory
but for one very important exception; namely,
that if the correct s.w.r, is to be maintained, the
antenna must be checked and re-adj usted for res
onance after each parasitic element adjustment.
This could be quite a time consuming operation,
but the time may be considerably reduced if a re
ceiver with an S-meter is employed as the field
strength meter to permit the use of the low pow er
source of r.I, while the s.w.r, meter is connected
in the line. Antenna resonance may then be quickly
checked after each adjustment by noting the fre
quency at which the s.w.r. meter dips or is at
unity. Final readjustments of the T -match may be
required following the tuning of the other elements.

As a "final final" check, the beam should be ro
tated through its fuIl 360 degrees to note the
changes in s.w.r, or antenna resonance. Unless the
beam is entirely in the clear in all posit ions, some
shifts in s.w.r . and resonance will most likely be
noticed due to detuning" effects of nearby objects.
Unfortunately nothing can be done about this
condition, but it is not likely to seriously affect
antenna performance.

Fittin9s de. ign.d to facilitat. connection of coon: lin..
to ant.nne. Th. on. to the right, d••i; n.d for a T.
match, is illustra ted in Fig. 2Aj to the I.ft is the

couplinQ shown in Fig. 28.
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