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I f you like }'OIlY tlIl'OY.\' ill short, mild doses-try
th is one. T Il{' author presents a vcr)' readable ac
count of the "balun" 'with a discussion of its uses
and applieatio'u in the ham fi eld - Editor.

In the reduction of T VT, it has been found that
the pi couple r tank circuit and networks help
to attenuate har monics of the carrier frequency.
The pi coupler can be bui lt for balanced output
using twice the usual number of components which
doubles the cost and complicates tuning adjust
ments. It is much cheape r, equally effective and
easier to use the regular unbalanced pi net work
and employ a device such as the "balun" to work
into a balanced transmission line or antenna. T he
term "balun" is a cont raction of the words balanced
to nubalanced t ransformer.

(2 ) For such a half-wave sect ion there
is a 180 degree phase shift in the voltage and
cur rent without any change in magnitude.

Si mplifying. this means - that if we place a 150-
ohm load at one end of a half-wave section of line
and "look in" a t the other end we wil l see I SO-ohms
load but it will be shifted in phase 180 degrees or
completely rever sed in pola rity. Impedance consists
of resistance and reactance. Considering a half
wave section of good line we can measure the
resistance between the conductors and find it greater
than a megohm. To measure the reactance a long
the line we could apply a source of signal th rough
a slotted line measuring device to one end of the
line leaving the other end open and measure the
stand ing waves. Since no current is flowing across
the open end, the standing waves measured is also
the measure of reactance. H owever, to ill ustrate
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the change in polarity or phase of the reactance
refe r to the curve in Fig. Zt: If the high impedance
of the open end is shunted with a I SO-ohm resisto r.
the impedance along the line may be visua lized by
refer ring to the curve in Fig. 2d. Folding thi s half
wave section, doubling back in a "hair pin" fa shion
does not affect its pha se reversing characteristics
m any manner.

(e)

CENERATOR

Fig. J. The basic proble m is how t o connect ..
JOO-ohm balan ced line t o a 7S-ohm unbalanced line.

Theory

Let us sta r t our explana t ion of the "ba lun" with
a typica l problem . Referr ing to Fig l a, we have
a 300-ohm balanced! load ( t ra nsmission line and
antenna ) wh ich we want to connect to a generato r
( t ransmitter) whose internal impedance is 75 ohms
(a pi network so adjusted ) . Since we sa id the load
was a balanced load we can connect the electrica l
midpoint or center tap to ground without di sturb
ing the circuit as ill ustrated in Fig. l b. Now there
are two I SO-ohm load s in series; one above g round
and the other below ground. Stat ing it another
way. each "hot" end of the load is of. opposite
polari ty, or 180 degrees out of phase. Next , if we
were to use some gadget to reverse the phase of
one of the I SO-ohm loads we could place them both
in parallel. Everyone knows that two ISO-ohm re
sistors in parallel equals 7S ohms. A 7S-ohm. load
connected to a generator whose internal impedance
is 75 ohms will result in a perfect match . This
needed gadget is the ba lun. It consist s of a ha lf
wave length section of coaxial t ransmission line
tha t's all.

In studying transmission lines as impedance
matching devices there are two important and
accepted factss :

( 1) T he input impedance of a half-wave
length ( elect rical length ) sect ion of good
t ra nsmission line is equal to the terminal
impedance.

lA RRL . " RAdio Amateur' s HAnd boo k" , 28t h Edition 1961.
p . 56 '

2 King , Mim n o a nd Wing , "Transm ission L ines, Antenn..
.and Wa ve Guldee", McGraw-Hili Book Co. , 1946. p , (.f,

·24·



Fig. 3. Phy,ical derivation of t he "balun."
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Deslgolng a Balun

In designing a balun the length of the coax must
be the electrical half-wave length which is less
than a half-wave length in fr ee space. It is deter
mined by:

CO
Going back to Fig. l b apply this balun to one

of the ISO-ohm loads as shown in Fig. 30. The
balun reverses the phase of half of the load or
J50 ohms and places it in parallel, in phase, with
the other half of the load, resulting in an equivalent
load of 75 ohms. Since the ends of the section's
oute r cond uc tor a re connected to ground points,
they may al so be connec ted together as presented
in Fig. lb.

It should be pointed out that the balun, while
being a balanced to unbalanced transformer, is a lso
an impedance transformer with a 4 :1 ratio. It can
he used at other impedances such as 200 :50 ohms
or 600 :150 ohms. T he balun is a linear device and
may be used to transmit energy in either di rection.
It works equally well with the balanced terminals
connected to a balanced transmitter output in order
to couple to a lower impedance unbalanced antenna.
suc h a s a quarter wave vert ical whip.

The balun is just as effective as a balancing
device a t the third and other odd harmonics. This
accounts for the use of the balun that the television
industry has made in matching TV receivers to
some antennas.

,

492 X Vf
half-wave lengthe f (in feet)

The velocity factor for various coaxial transmis
srcn lines arc given in most handbooks't, Choosing
14.2 megacycles as an example, the length of RG
8/l] cable is:where f

V,
- frequency in megacycles

Velocity factor of the line used.

1/2 il:: 492 X 0.66 _-
14.2

22. 8 feet

Fig. 2. Ph. , . . vott.g . and r • • ct.nce r. l.tion,hip,
.ronq • h.lf.w,lY. COel line.

•
1S:

1/2 it =
For 29.5 mc the length of coax

492 X O. 66 :: 11 feet
29.5

The half-wave length sect ion of line is measured
from connection A to connection B in F ig. Be. The
outer conductor should extend reasonably close to
these connections A and B.

Any of the popular coaxia l Jines may be used
in a balun for any 4 :1 ratio of impedances. Since
many hams work with 300-ohm balanced lines
( fi xing the input impedance to the balun at 75
ohms), RG 59/U cable is generally preferred for
feeding the unbalanced connections. H owever, RG
59/U cable is not likely to handle more than tiRO
watts at 30 me without overhea ting. The low im
pedance unbalanced terminals may be connected
to any length of coaxia l cable whose charact eristic
impedance ( Z.) is equal to or reasonably close to
the desired value, or it may be connected directly
to the transmitter. In like manner the balanced

3ARRL, "Radio Amateur". Handbook", 28th Edition, liS1 ,
P. lIe
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connect ions may he connected to a ny len g th o f
balanced transmission line o r directly to an antenna
whose input is balanced a nd reasonably close I f}

the proper impedance. I n many instances connect 
ing the 1)"'11un directly to the antenna enables one
to use .<1 single coaxial cable to feed a n an t enn a
k ee ping standing waves from appea ring in the
outer conductor, and. in turn . a iding in the re 
duction of TVI.

It is suggested tha t the balun be :oo l run g out.
doubled ba ck upon it self as shown 111 the sk etch
an<! then have as few addit ional fold s a s possible.
It IS not recommended that it be coiled up to be
placed in a small box .

Conclusions
III conclusion , the advantages of the ba lun an: a~

follo ws :
(l ) It m atches a balanced transmission system

to an unbalanced one.
( 2) It is a lso a of :1 impedance transform ing

device.
(3) It works well over a wide band of frequen

cies.

The lt D., du ring its rotation , connects &011 181.:1

16 to the five selector magnets, one after the other.
Any mark signal received during this period will .
switch B+ to contac t 16, and 'ene rgize whiche ve r
selector magnet happens to be connected at that in
stant. The selector magnets are trip affairs and re 
quire only a short pulse to trip them. Thus the letter
..y.., which consists of mark signals on the first,
third, and fi ft h pulse. will cause the first. third.
and fifth selector magnets to trip, thereby moving
levers 1. 3, and 5 into the mark position. These
levers select the letter " Y", since they are notched
like a key and the le tte r " Y" is the only letter
that matches the notches of levers I , 3. and 5 in
the ma rk position and levers 2. and 4. in the space
position.

When th e R.D. rotates to the seventh position it
connects contac t 12 (which is always B't-, no matter
which way the polar relay i ll) to the print magnet L6.
This magnet a llows the motor in the printer to print
the selected lett e r and to set up the selector mea
nets agai n read y for tripping on the next lette r.

Shall I repeat that an aKa in ?

I from page 28)

(from /,a.Qt 25) .

CO
11. Ijc uald H. Mix, WI TS. " T he Novice One--Tuber,"

QST, p . 18, Ma y 1951.
12. Richard M. Smith, Wn'TX , " A Sine1e-Control Low .

Power Tra nsmitt er," QST , p . 11, J a n . 1951.
The above does not include a ll transmit t en described

in these nl alla:dnes, but are ",Ilresentatin'. and it i!l
SUKee~ ted that the Novice read ae m a ny of them 8 11

[Xluible, before deciding on which to build to obtain t he
" feel" of 200d desten . Also conlult IUdio and AR RL
H an dboo k• •
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(4 ) It can be used to aid m t he reduct ion of

T V ! by coupling to ba lanced or unbalanced T V I
reducing filters, by enabling the use of an unbal
anced pi network or ta nk circui t with a balanced
antenna system and by reducing unbalanced cu r
rents and standi ng waves on transmission lines.

( 5) It is easily and cheaply built .
It does han two disadvantages. however :
( 1) It is 110 t a multiple band device for more

t han a sing le amateur band as it requ ires a sep
arate design for each band.

(2 ) It ge ts to be quite long in dimensions for t he
low frequency bands such as 3.5 megacycles.

No attempt is made here to ex plain the "B A
ZOO KA", which is closely aki n to the balun. T he
bazooka is considera bly m OTC difficult for most
ha ms \ 0 const ruct.

At that time they were livi ng in Waikiki. Then
they moved to the big island of Hawai i and lived at
the Inter-Island telephone sta t ion on a ranch 5000
feet above sea level, 13 miles from th e. nearest town.
Johnny did his best to get her to st udy for her t icket ,
but Den insisted it was a "man's" hobby.

"Not too long after that," says Dell, "J ohnny took
Ole for a ride and to my surprise stopped at a home
I bad never seen and told Ole, 'come, I want you to
meet someone.' Even though 1 was thinking what
nerve he had and I would never do anything like
that at home, I obeyed. A very attractive woman
greeted us and invited us into her ham shack. It
was Ella, KH6FD, known all over the world. She
was wonderful and operated her ri g for a couple of
hours for us. When she jold me she talked to Maine,
my home QTH, 1 couldn't sta nd it any longer as 1
already was getting homesick..,

Because of Ella, Dell started studying "so hard
I dreamed code and theory." The RI was coming
to . H ilo the following month. D ell tried the eIBID.
missed the code, but later took Class C and in
another six months passed her Class B. She got her
Class A two years ago.

Johnny built her a 50·watt ri g and a cubical qu ad
antenna, and KH6TI was on the air fro m Hawaii for
ten months, then from the Island IIf Maui for a
year, and for the la st year an d a half fro m Waikiki.
She now has a 9O-watt rig on all hands. phone and
c.w., but is still using the quad .

" E n s was. right about talking to -'fa int·... sa ys Dell.
" I have had 186 contact s with WI BE U in Fai rfield,
'faine ; 150 with W1DPX in -'fy!'tic. Conn.• a nd 202
with W4NOV in Apex. N.C. So VOU Sf'f' if isn'r eo
far from Hawaii to the East Coast !"

"Anything can happen in ham rad io and I love
it," adds Dell . She has proof, too. Eneto!'of'd with her
letter was a photograph of th e 1Il0!'t unusual QSL
" card" she ever received-a turtl e "hen which was
sent to her iJy KB6AR on Canton Island. and im.
printed with th eir calls! It is 7 Ieet around and so
ble they hang it on the outsid e of th e house.

With that Dell says " Aloha from Hawaii,"
And wt"'11 say " ge-wa-pa" (rom :""w ;\fel;ico-
• 33.W5RU
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