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This article describes the construction of on inexpensive brood-bond balun
of the lumped constant coaxial variety. It has a 1:1 impedance transformation

and will handle 0 kilowatt without overheoting.

A
AL U N is a ba la nce-to-unbalance r.F. t rans
former and an extremely use fu l dev ice in
the field of rad io communica tion. Kn own

for decades in commercial pract ice. various
fo rms and sha pes of balu ns a re now bei ng used
to advantage in radio amateur antenna ins ta lla
tions . In ma ny instances it is common pract ice
to connec t a coax ial transmission line to a ba l
anced transmission line or antenn a system. Con
versely, it is not unknown to find unba la nced
(coa xia l) tran smission lines attached directly to
the ba lanced circuits of receivers o r tra nsmit ters.
I t is a poor technique to foll ow and untold diffi 
culties may arise from subte rfuges of th is type.
Su ch electrical mismatches. or transi tions, should
not be made directl y since the juncti on be tween
the ba la nced and un ba lan ced systems presents
an electrica l disconti nuity in the character istic
impedance of the system. T he use of a balun
a t such a ju nct ion permits a proper ba lance to be
achieved and elimina tes a st icky prob lem th at
can lead to a ll sorts of weird effects. espec ia lly
when s.w.r. measu reme nts are made. Trying to
make kn owled geable s.w.r, measurement s
through a ba lance / unba lance discontinu ity in
your antenna syste m is like trying to nail a blob
of Je llo to the wal l. It just can't be done,
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Fig . l - A simpl e ha lf-wa ve ccoxio! ba lun provides a
4 to 1 impeda nce tra nsforma tion a nd is ext re me ly
frequency-sensitive . Good ba lance ma y be a chieved

ove r only one amateu r ba nd.
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Half-wave Coa xial Baluns and Ferrite Baluns

Simple half-wave coaxial ba luns have been
used for years by radio amateurs to achieve a
contin uo us juncti on be tween unba lanced and
bala nced sys tems (fig . I) . These dev ices may be
made of a length of coaxial line and are cheap
and easy to bui ld. They are, however. decidedly
frequency-sensiti ve and the ba lun length be
comes quite cri tica l a t 50 me and above. Worst
of a ll. fo r the amate ur wis hing to match a low
impedance coaxia l line to a typical beam antenna
(hav ing a lo wer value of impedance than the
line) th e half-wave ba lun provides exact ly th e
opposite' impedance transfo rm ation. It is a step
up dev ice ra ther than a ste p-down device. In this
instance . the perfect ba lun wo uld provide a ba l
a ncing action with a step-down impedance ratio
that wou ld match a 50 ohm coaxia l line to th e
driven elemen t of a Vagi antenna which is in
the neighborhood of 20 ohms or so.

The emergence of the so-ca lled tri-band o r
duo-band bea m in the past decade has imposed
a second res triction on the "perfec t" ba lun : it
sho uld functi on over a four octave ra nge 0 -29.7
me ) . The half-wave ba lun is too freq uency sensi
t ive to do th is job. Suitable broad-band ba luns
to cover this range may be wo und o n fe rrite
cores and will accept power leve ls li p to 750
wa tt s or so.1 Ferrite cores . howeve r. a re cost ly
and somewhat fragi le and cannot be read ily
found in the corner radio shop.

An inex pensive and sa tisfactory substitu te for
the fe rr ite va riety of broad-band balun is the
lumped constant coaxia l ba lun. This art icle de 
scribes such a balun and shows how you may
build one in a few minu tes for modest cost.

rt u r r tn, R.• " Broad-band Balun Tr a nsfo rmers," QST.
A ugust t 964 , p . 33.
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f ig . 2-The .. to 1 balun coil moy be visualized 0 5 a form of TV "lcdde r t ransformer" (A), or a s a a udio inductor
(8) with the inp ut fed 10 c ne .hol! the winding. Bclc nced outp ut is token acron the complete winding. An
eq uiva len t r.f. transforme r mak es use of a section of cccxic ! eeble (C) which is eq uivale nt to a coaxia l wind ing.

The coaxial ccble is approximate ly on e lect rico I q uo r!er wavelength at the center freq ue ncy of the balun.

The Broad Ba nd Coa xia l Ba lun

A simple. efficie nt and effective broad-band
balun may be constructed from a length of coa x
ial line. suitab ly tapped and wo und into a coil.
The transformat ion ca n be made to be unity
(one-to-one}. th us pro viding a ba lanced 50 ohm
term ination for a 50 ohm coa xial line, suitable
for most tri-band bea m antennas. Alternatively,
a " Ha ir-pin" ma tching device may be used to
transform the 50 ohm balanced terminat ion to
a lower val ue.c

The broad-band coaxial balun is shown in the
drawings and illustrat ions and consists of a sec
tion of SO ohm coaxial line wound on a 63,4 inch
diameter form . T he bal un acts as a transmission
line transformer at the high frequency end of
the operat ing range and as tightly co upled in
duc tors at the low freq uency end of the range.
The over-all passband is abou t 6 to 32 me, and
is lim ited at the low frequ ency end by the in
ductance of the wind ings. and at the high fre
quency end by tra nsmission line resonances.

Operation of the broad-hand coaxial balun
ma y be seen from the analogy shown in fig. 2.
This is the sketch of a sim ple 4 : I coaxial bal un.
(A ) . It is also known as a ladder transformer
in TV lingo. T his ba lun ma y be compared to a
push-pull audio inductor. with the exciting volt
age fed to one-half of the winding and the out
put voltage taken across the complete winding.
If both windings have an eq ual number of turns.
the output voltage will he twice the input voltage
and will be balanced with respect to ground. As
the ratio of the output and input impeda nces of
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this device is a function of the square of the
rat io of the output to the input voltage, the
impedance transformation is 4 : J (step-up) .

The 1: 1 Coaxia l Ba lu n

A version of the broad-band coa x.ial ba lun is
shown in fig. 3 whe rein a J: I transformation
ratio (u nity) may be realized. The ba lun is pic
tured as having three wind ings (o r two wind
ings, with one winding tapped at the cente r to
obtai n a half-voltage point) as shown in the
audio inducto r analogy.

Each hal f-winding of thi s inductor has one
half the input volt age impressed across it. The
full input volt age is impressed across both halves
ot the winding. and one output tap is placed at
the cen ter of the winding. The o ther outpu t tap
is taken from the proper end of the "third"
winding wh ich has one-half the impressed volt 
age across it. Hy proper polarization of the wind
ings the output vol tage will be balanced to
ground. T his version of the coaxia l balun pro
vides a I : I ( unity) transformation from an un
balanced to a balanced state and is a very handy
de vice to have around the amateur station!

Bu ild ing the 1:1 Coaxial Ba lun

The I: I broad-ba nd balun may be simplified
by mak ing the whole device out of a single
length of coaxial line as shown in fi g. 4 and 5.
Sym metry of placement of the various "coils"
is thus insured and the cost of the coax is neg
ligible. T he "single" winding po rtion of the balun
is made of a sho rted section of the coaxial line
which, in real ity, is merely a cont inuat ion of the
o riginal "dual" winding. Sounds complicated?
' Veil. it really isn't ... here's how you do it.
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Fig . 3- The 1 10 1 balun coil ha : three wind ings (A) or may be .... isua lized 0 ' a n a udio inducto r ha .... ing th re e
eq ua l coils as in (6). Vc ltage a ~r<,)n ea ch coil is eq ual an d proper polarization of the wind ing' prov ides o utput
volta ge bala nced 10 g ro und. An equiva lent r.f. tran sforme r requires three win d ings, two of which may be
mode of a le ng th cf coa xia l co ble. The th ird winding may be a single section of wire . but is often made of
the o uter conducto r of a coa xial line in o rder to preserve symmetry a s sho wn in (C). In th is case, the outer a nd

inner conductor may be shorted together.
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Fig. 4-A coaxial balun made by WA6JSA. A single
len gth of coa xial coble was wo und on 0 suita b le form
ond fi xed in position with vinyl tope. The bala nced
con nect io ns a t the center of the winding ore mode by
sho rt le ngths of # 12 wire, an d the " top" end of the
coil has a Pl·259A plug affixed to it for connection to

the stotion t ra nsminion line.

The balun is simply a coil of 50 (or 52 ohm)
coaxial line. The old favorite RG·81U or its
new noncontaminat ing cousin RG·8A/ U may
be used. Alternat ively. the new 50 ohm non
conta mina ting RG ·2 13/ U is satisfactory. Any
o f these cables will prod uce a sturdy balu n that
will handle a kilowa tt-plus (over two kilowatts
p.e.p. ) o f power without overheating. The new
RG -2 13/ U is recommended o ver the others for
reasons tha t will be discussed later.

A section of coaxial cable 16'6" long is to
be wrapped into a coi l whose inside diameter is
6* inches. T his length o f line will permit 9 turns
to be made. with an inch o r two left at each end
of the coi l for co nnections. The physical mid
point of the length is found and at this p<:, int
the o uter plas tic co ver and the oute r. flexible
shield of the line are broken. T he plastic co ver
is trimmed back for an inch on each side of the
break and th e copper outer braid is tr immed
back and cut about one-half inch each side o f
the center poin t to allow the connec tions shown
in fig. 5 to be made. T he inner conductor is not
broken. (T o prevent ambiguity, the "shorted"
sectio n of line is termed the "bottom" and the
unshorted sect ion is termed the " top." as shown
in fig. 3.) Wire leads are now soldered to the
outer sh ield at both ends of the " top" section.
T he sh ield of the "bottom" section is soldered
to the inner conductor a t both ends of the line.
When th is is co mpleted. mark the free end of
the "bottom" winding so that it is readily iden
tifi able a nd securely solder the center joi nts of
the line. Cover this joi nt wit h waterproof. vinyl
tape. a llowing the connecting leads to extend
from the ta ped joint.

Wind ing the Ba lun Co il

T he next step is to wind the modified coaxial
cable into a coi l having an inner diameter of
6* inches. Your ingenui ty will stand you in
good stead at this point. It is possible to "air
wind" the coil using small wooden strips as
braces." Afte r making a few baluns using this
tech nique. us ing a hand-made form bu ilt up of
dowel rods pushed into holes drilled in a board.
I sudde nly discove red a near· perfect coil form

~\VAhJ SA u..ed a n e m pry gullon cider j ug for h is coil
fo rm .
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of the proper diameter. Gray. Poly vinyl Chloride
(P. V.C.) plastic pipe of var ious diameters a re
avai lable from plum bing supply houses and . an
eight-inch length o f th is material mak es ~ nice,
perma nent coil fo rm that may be bolted di rectly
to the boom of the beam antenna.

Let's assume you have a chu nk o f the proper
diameter P.V.C. plastic pipe. \Vind you r pre
pared coaxial line on the form for a trial r~n ,

and you' II end up with slightly more than r une
turns. Using three hands hold the wind ing in
place and mark the nine- turn end-points on the
form with a pencil.

It is necessary to fasten the coaxial coil to the
form . T he easiest way to do this job is to remove
the winding and drill small holes th rough the
wa ll of the form at each end of the wind ing
( previously marked with pencil } and lash the
ends of the coaxial line to the form with heavy
twine or lacing cord. Using the pencilled end
point marks. it is simple to determine where the
holes should be drilled (one on each side of the
ends of the cable) . T he coax may then be re
wo und on the form and lashed in place. If all
went well. the center tap of the coaxial line will
be at the center of the coil; that is. there should
be exactly 4 '1.2 tu rns each side o f the center tap.

The last step is to connect a gro unding jumper
fro m the "top" end of the coi l braid to the braid
a t the "botto m" end of the winding. T he jumper
sho uld have reasonabl y low inductance . I use a
~ inch wide co pper stra p for this connect ion.
scrounged from the junk box . Solder the jumper
in place at both ends a nd your ba lun is co m
ple ted (T he jumper goes from a to b! in Fig. 3C :
a common ground co nnec tion.)

Using the Coaxial Ba lu n

T his ba lun should be mounted on the boom
of your bea m anten na close to the feed po int
of the driven element. It is desi gned to match
an unba lanced 50 or 52 ohm coaxial line to the
ce nte r of a split. driven element and should no t
be used wit h suc h shu nt-fed system as ga mma
match es or the like. The ba lun may be mounted
to the boom by means of a pair of small righ t
angle brackets. Connections from the center
ba lun terminals to the driven element should be
made with short lengths of copper strap or heavy
wire. The coaxial transmission line attaches to
the input ("top") terminations of the ba lun. and
the ground (outer braid) is grounded to the
boom of the antenna and the common ground
of the ba lun coil. 1 hat's all there is to it!

In addition to providing a good match for a
"tri-band" beam. the coaxial balu n works well
with a single band beam. The so-called Ind ucto
match or Hair-pin system may profitably be em
ployed in this instance.a

-".~ 1
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Fig . 5-A , ketch of the ce nte r junction of the bolun coil.
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Fig. 8-S.w.r. curves on a " t ri-ba nde r" beam a nte nna
with and without the coaxial balun coil. (A) 14 mc:
With out the balun (d ott ed line), t he s........ r. measured
worse than 2:1 a cross the band, with no indication of
a ntenna resonance. The s.w.r, curve co uld be a ltered
by changing length o f line bet......een mea surin g device
and a ntenna . Balun coil reduce d line effect a nd pro·
vided a norma l indication of ante nna re sonance. (B)
2 1 mc: Re sc nc nce curve was e mphasized by use of
coaxial balun . (C) 28 me: Without the ba lun, resona nce
curve was poo rly defined , with s........ r, run ning ove r 3 :1
at 29 me, Use of balun reduced s_w.r. a cron pho ne
band, with antenna resonance indicated near 28.5 me.

The very slight variat ions in input reactance
are "washed out" when the driven element is in
place and properly adjusted. Sl ight adjustments
( and by "slight" I mean an inch or so) to the
d riven element of the beam can reduce the
s.w.r. on the transmission line at beam resonance
well below the capabi lity of a good s.w.r. meter
to detect appreciable flow of reverse current.

It was noticed that when RG ·8/ U line was
used fo r the coil (a nominal 52 o hms) th e re
sistance measureme nts of the ba lun were a con
sistent one to two ohms higher than when 50
ohm RG · 2 13 / U line was used for the coil. As
the balun seemed to provide a line te rmination
somewhat higher than the impedance of the line
of which it was wound. it was felt that use of
the sligh tly lower impedance line for the coil
was justified. The reason for the slight impedance
transformation is obscure. but it could be caused
by minor imperfections in the coil or by varia
tion in the actua l impedance of the particular
chunk of coaxial line used for the coil. Pract i
ca lly spea king, either RG -8! U. RG ·8A ! U or
R G ·2 131U coaxia l line may be used with little
or no observable effect in operation.

There's no reason why a low power vers ion
of this device could not be made out of RG 
58 /U, or a high power version ( heaven forbid!)
out of RG · I7 / U. The only precaution is that
the chosen coaxial line should not be co iled less
than abo ut ten times the diameter of the line.
or else "cold flow" of the plast ic dielectric will
permit th e center conductor to gradually drift
with t ime. eventually causing an internal short
in th e cable.

Those amateurs who have attempted to run
s.w.r curves. or make measurements. on a tri
ba nder beam directly fed with a coaxial line
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Fig . 7-frequency run of a typical coaxial balun ter
minated in a nonreactive load of SO ohms presents a
load to the trans minion line that varies between 55 .2
ohms at 7 megacycles and 52 ohms at 30 megacycles .
The input is very slightly reactive, as seen from the
ca pacitance curve. This performance is severe! orders
of magnitude beNer than many inexpensive balun de
vices on the amateur market. Although designed for
the 14-30 megacycle range, the balun exhibits excel·
lent characteristics at 7 megacycles. Performance starts
to deteriorate above 35 megacycles or so. If t he balun
is wound of RG-8 / U (52 o hm cab le ), the resist ive curve
is disp laced upwa rd s abo ut 2 oh ms, b ut retain s th e
characteristic sha pe shown. The actua l capacit ive recct 
once at the input terminals of the balun is judged to
be somewhat lower than sho wn by curve (C) as about
5 mmf of residual capacitance was inherent in the

measuring device.

Fig. 6-The outer conductor of the balun coil is [vm
pe-ed to itself at e a ch end of the coil. This is a common
ground point and may be connected to the metal boom
of the beam o nlenno. A short length of copper braid
wa s used in thi s balun , but a length of copper strop

may a lso be used .

Electrica l Characte ristics of the Coax ial Balun

A freque ncy run of a typical coaxial bal un is
shown in fi g. 7, made under laboratory condi
nons with an R-X meter. Using RG-213 /U line
(a nominal 50 ohms ) the bal un presented vari
ous input impedances when terminated in a 50
ohm non- induct ive load . At 7 me, the input im
pedance o f the ba lun was about 55.2 ohms. At
14 me the input impedance had dropped to 53.3
oh ms. and was measured as 5 1.8 ohms at 21 me.
Minimum impedance occurred at about 24 me
and was measured as 51 .5 ohms. At 30 me. the
balun input impedance had risen to about 52
ohms. The balun proved to be slightly reactive.
having an input capacitance of about 15 mmf
above I I me. Below 11 me the capacitance rose
grad ua lly and smoothly to 35 mmf at 7 me.
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