The Balun-

Theory and Design

J. ROY SMITH, W6WYA*

If you like your theory in short, muld doses—itry
this one. The author presenis a wvery readable ac-
count of the “balun” with a discussion of its uses
and applications in the ham field —Editor.

In the reduction of TVI, it has been found that
the pi coupler tank circuit and networks help
to attenuate harmonics of the carrier frequency.
The pi coupler can be built for balanced output
using twice the usual number of components which
doubles the cost and complicates tuning adjust-
ments. It is much cheaper, equally effective and
easier to use the regular unbalanced pi¢ network
and employ a device such as the “balun” to work
into a balanced transmission line or antenna. The
term “balun” i1s a contraction of the words balanced
to unbalanced transtformer.

Theory

Let us start our explanation of the “balun” with
a typical problem. Referring to Fig la, we have
a 300-ohm balanced! load (transmission line and
antenna) which we want to connect to a generator
(transmitter) whose internal impedance is 75 ohms
(a pi network so adjusted). Since we said the load
was a balanced load we can connect the electrical
midpoint or center tap to ground without disturb-
ing the circuit as illustrated in Fig. 1b. Now there
are two 150-ohm loads in series; one above ground
and the other below ground. Stating it another
way, each “hot” end of the load is of. opposite
polarity, or 180 degrees out of phase. Next, if we
were to use some gadget to reverse the phase of
one of the 150-ohm loads we could place them both
in parallel. Everyone knows that two 150-ohm re-
sistors in parallel equals 75 ohms. A 75-ohm. load
connected to a generator whose internal impedance
is 75 ohms will result in a perfect match. This
needed gadget is the balun. It consists of a half
wave length section of coaxial transmission line—
that’s all.

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

(1) The input impedance of a half-wave
length (electrical length) section of good
transmission line is equal to the terminal
impedance.

1ARRL, "“"Radio Amateur’'s Handbook", 28th Edition 1951,
p. 56 '

2King, Mimno and Wing, “Transmission Lines, Antennas
and Wave Guides’, MeGraw-Hill Book Co., 1945, p. 44

(2) For such a half-wave section there
is a 180 degree phase shift in the voltage and
current without any change in magnitude.
Simplifying, this means that if we place a 150-

ohm load at one end of a half-wave section of line
and “look in" at the other end we will see 150-0hms
load but it will be shifted in phase 180 degrees or
completely reversed in polarity., Impedance consists
of resistance and reactance. Considering a half-
wave section of good line we can measure the
resistance between the condnctors and find it greater
than a megohm. To measure the reactance along
the line we could apply a source of signal through
a slotted line measuring device to one end of the
line leaving the other end open and measure the
standing waves. Since no current i1s flowing across
the open end, the standing waves measured is also
the measure of reactance. However, to illustrate

(A) 300 (BALANCED)
GENERATOR -
T5n
150.a.
(8) (BALANCED)
i T 150
GENERATOR -
: Tﬁ-.n.
(€) 150.a. S150A
GENERATOR - A
Fig. |I. The basic problem is how to connect a

300-ohm balanced line to a 75-ohm unbalanced line.

the change in polarity or phase of the reactance
refer to the curve in Fig. 2¢. If the high impedance
of the open end i1s shunted with a 150-ohm resistor,
the impedance along the line may be visualized by
referring to the curve in Fig. 2d. Folding this half-
wave section, doubling back in a “hair pin” fashion
does not affect its phase reversing characteristics
In any manner.

%2052 Venice St., San Diego, Calif.
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Going back to Fig. 1b apply this balun to one
of the 150-ohm loads as shown in Fig. 3a. The
balun reverses the phase of half of the load or
150 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
outer conductor are connected to ground points,
they may also be connected together as presented
in Fig. 3b.

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

The balun is just as effective as a balancing
device at 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.

Designing 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 free space. It is deter-
mined by :

half-wave length= ... ;{ L (in feet)

where f = frequency in megacycles
Ve = Velocity factor of the line used.
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Fig. 2. Phase, voltage and reactance relationships
along a half-wave coax line.
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Fig. 3. Physical derivation of the "balun."

The velocity factor for various coaxial transmis-
sion lines are given in most handbooks?®. Choosing

14.2 megacycles as an example, the length of RG
8/U cable is:

1/2 A=

492 x 0.66 _ 99 g feet
14. 2

For 29.5 mc the length of coax is:
492 x 0. 66
1/2 9= —292%0.00 _ 14 feet
/2 & 29.5

The half-wave length section of line is measured
from connection A4 to connection B in Fig. 3¢. The
outer conductor should extend reasonably close to
these connections A and B.

Any of the popular coaxial lines may be used
in a balun for any 4:1 ratio of impedances. Since
many hams work with 300-ohm balanced lines
(hxing the input impedance to the balun at 75
ohms), RG 59/U cable is generally preferred for
feeding the unbalanced connections. However, RG
59/U cable is not likely to handle more than 680
watts at 30 mc without overheating. The low im-
pedance unbalanced terminals may be connected
to any length of coaxial cable whose characteristic
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

EAB’EIE, “Radio Amateur’s Handbook”, 28th Edition, 1951,
p.

(Continued on page 68)
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SPECIAL

Write for liberal trade-in offer.
Volt-Ohm-Milliameter 0-1 Ma. 4%

FILAMENT Fan Type. Diagram Included, Makes
TRANS. 1000 ohm per volt unit.

v n Meter Only .veviiciinnnenn D 29D

> BEPSS Age Resistor Kit for Above ....... $2.45

$1.45 ATRONIC CORP., DEPT. C-14

1253 Loyola Ave., Chicage 26, Il

CRYSTAL UNITS

High quality Western' Electric Type CR-1A/AR iIn holders
with 42" prong epacing. Ideal for net frequency operation,
Available in quantities:
5910-6350-6370-6470-6510 s‘ 25
6610-6670-6690-86940-7270 o each

7350-T380-7390-T480-7T580-9720
All fundamental frequencies in kilocyecles but make excellent
multipliers at higner frequencies. The 9720 unit, for
example, triples nicely to 20,160
ELECTRONICRAFT, INC.
27 Milburn St., Bronxville 8, New York

8 WIRE CONTROL CABLE

Two No. 16, Six No. 20 tinned, stranded, copper, rubber
insulated coded leads, Waterproof rubber jacket. Woven eop-
per armor shield overall. Wt. 16 1bs./100 ft. Lengths to
400 ft. LOW PRICE FOB warehouse. Minimum

S5c f1.

order 100 ft. Shipment s made by Railway
Express——shipping charges eollect.

TRANS-WORLD RADIO-TELEVISION CORP,
6639 S. ABERDEEN ST. CHICAGO 21, ILL.
Phone: AUstin 7-4538

CQ
11. Donald H. Mix, WI1TS, "'The Novice One-Tuber,”’
QST, p. 18, May 1951.
Richard M. Smith, W1FTX, A Single-Control Low-
Power Transmitter,” QST, p. 11, Jan, 1951. ‘
The above does not include all transmitters dE:-if.‘.E'lhﬂjd
in these magazines, but are representative, and it is
suggested that the Novice read as many of them as
possible, before deciding on which to build to obtain the
“feal” of good design. Also consult Radio and ARRL

Handbooks.
“—__-

RADIO TELETYPE

(from page 28)

12

The R.D., during its rotation, connects conlacl
16 to the five selector magnets, one after tl{e other.
Any mark signal received during this perm:d will .
switch B+ to contact 16, and ‘energize whicheve:
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 tl:lem. Thus the letter
“y”  which consists of mark signals on the first,
third, and fifth pulse, will cause the first, thl_rd.
and fifth selector magnets to trip, ther.e!:a}f 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 letter “Y” s the only letter
that matches the notches of levers 1, _3, and 5 in
the mark position and levers 2, and 4 in the space
position. i |
When the R.D. rotates to the seventh pesition 1t
connects contact 12 (which is always P"". no matter
which way the polar relay is) to the print magnet ].‘ﬁ'
This magnet allows the motor in the printer to print
the selected letter and to set up the selector mag-
nets again ready for tripping on the next letter.
Shall T repeat that all again?

THE BALUN

(from page 25)

= wmr e —— = om—

connections may be connected to any length of
balanced transmission line or directly to an antenna
whose input is balanced and reasonably close to
the proper impedance. In many instances connect-
ing the balun directly to the antenna enables one
to use a single coaxial cable to feed an antenna.
keeping standing waves from appearing in the
outer conductor, and, in turn, aiding in the re-
duction of TVTI.

It 1s suggested that the balun be strung out,
doubled back upon itself as shown in the sketch
and then have as few additional folds as possible.
It is not recommended that it be coiled up to be
placed in a small box.

Conclusions
In conclusion, the advantages of the balun are a-
follows :
(1) It matches a balanced transmission system
to an unbalanced one.
(2) It 1s also a 4:1
device,

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

impedance transforming
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(4) It can be used to aid in the reduction of |
TVI by coupling to balanced or unbalanced TV1
reducing filters, by enabling the use of an unbal-
anced p1 network or tank circuit with a balanced
antenna system and by reducing unbalanced cur-

rents and standing waves on transmission lines. = GEM OF THE SURPLUS

(5) It 1s easily and cheaply built. R LreiE SO AN
It does have two clisar_ivantagrs. however : | Absolutely! No strings attached! Every llﬂ;ﬂ 1nttl;m”U 5 th;::
- - . _ " » LICENSE to write 1 immediately and tell us
(1) It is not a multiple band device for more | b T i et et ik g sel. "W
TI!::'.;I.I] | Slnult# ﬂ”liitt‘llr I}Htl{i a5 1I'I_ T'l?l_]l'lil"l“« - | q‘(up_ DAY SiI.?,HTIR h|ﬂ'h 1?‘1'[1_'[“51. Tell us 1“'!"1‘.!.\“” have—TOD/ —_—
Y and see the color of our dough—FAST!
arate dt‘Slgl‘l ff”‘ Eﬂf.:h bﬂ.nd. CONDENSER SFECI}:ﬂLS o .
AR | * - B it aae Cir .1 mfd, @ 400 VDC ... sa. 10c or -
() It gets to be quite ]D”g e f_iIIIlUlSIUHb tor the 16 mfd. @ 400 VDC, Paper electrolytic Ea. 30c, 5 for $1.00
low frequency bands such as 3.5 megacycles. 05 mid. @ 5000 VDC, Paper ....Ea. 39¢c or 3 for $1.00
T . 3 . s TRANSFORMER: 13 V @ 3 AMD. .. cvnovnesesats $1.89
~ No attempt 1s made here to explain the “BA- PE-103 DYNAMOTOR: With filter base and cords.
ZOOKA", which is closely akin to the balun. The 6 or 12 V. EF'”'“ ?”" Vs ‘:E;t"”'t‘ﬂ;’{‘;ﬂe“t' hkiﬂ?;
' - . ition. amit 1antity. ' '
bazooka is considerably more difficult for most | condition DILAGPE. 1 RES S,
hams to construct. { ARC-5 OR 274-N TRANSMITTERS
. 1-3 mes. Used . $14.95
! .4 mes. Used, excel. cond, va v e ws 14.99
-5.3 mes. Used, good cond. 6.95
™ TR s e .. S5.50
o & - DR TS L 9.1 | 12.50
8 FREQUENCY ARC-5 OR 274-N RECEIVERS
55-1.5 mes. Brand new .5;9:3
. 1.5-3 mecs. Hrnmnuu_.___........_..__ 4.
I'/fi'ﬂ’l'h' Pﬂyf ?4/} ' 8-9.1 mes. Brand new . AT .. 11.99
28 V. RECEIVER DYNAMOTOR .......... 1.2%5
Tl R ol i . St == ' 14 V. RECEIVER DYNAMOTOR . 9.95
: otk . Ve i 274-N DUAL TRANSMITTER RACK ....... 295
At that time they were living in Waikiki. Then | TRIPLE RECEIVER RACK. Good Cond. . ..... 5.00
they moved to the big island of Hawaii and lived at e
the Inter-Island telephone station on a ranch 5000 ALL ORDERS F.0.B. LOS ANGELES
feet above sea level, 13 miles from the nearest town. 25% deposit required. All items subject to prior sale |

Johnny did his best_ to get her to study for her ticket, col“MBIA EI_ECTRONICS SAI_ES

but Dell insisted it was a “man’s” hobby. Dept. LS—

HN'ﬂt too lﬂng ﬂftEf that!.“ says DE“... |r.1‘]"‘:.}11,:"],_1?I tﬂﬂk S22 S. SAN PEDRO ST., LOS ANGELES 13, CALIFORNIA
me for a ride and to my surprise stopped at a home
I had never seen and told me, ‘come, I want you to —_———
meet someone.” Even though 1 was thinking what

nerve he had and I would never do anythmg like DID YOU GET ITY 1F NO)
that at home, I obeyed. A very attractive woman y
greeted us and invited us into her ham shack. It SEND NOW FOR B-A’s

was Ella, KH6FD, known all over the world. She 136 BIG PAGE
was wonderful and operated her rig for a couple of
hours for us. When she told me she talked to Mame
my home QTH, 1 couldn’t stand it any longer as 1
already was getting homesick.”

Because of Ella, Dell started studying “so hard
| dreamed code and theory.” The RI was coming
to. Hilo the following month. Dell tried the exam,
missed the code, but later took Class C and in
another six months passed her Class B. She got her
Class A two vears ago.

4 Johnny built her a 50-watt rig and a cubical quad
antenna, and KH6TI was on the air from Hawaii for
ten months, then from the Island of Maui for a
vear, and for the last year and a half from Waikiki.
She now has a 90-watt rig on all bands, phone and
c.w., but is still using the quad.

“Ella was right about talking to Maine.” savs Dell.

27 PAGES OF
“l have had 186 contacts with WIBEU in Fairfield, DOLLAR-SAVING
Maine; 150 with W1DPX in Mystic. Conn., and 202

-
|
with W4ANOV in Apex. N.C. So vou see it isn’t so 3ARG‘/”-S?

. ”
faI:‘Eﬁﬁhﬁﬂ!w?::ntnh:rli:'ﬁjfiasitncﬂ:i! radio and 1 love ?gr;ﬁﬂ“ﬁlpﬂﬂﬂ o
) E - - cGee 5t.
it,  adds Dell. She has proof. too. Enclosed with her | Kansas City 6, Mo.
Ietier was a phntngraph of the most unusual QSL | Send your 1952 catalog to:
“card” she ever received—a turtle shell which was
sent to her by KB6AR on Canton Island. and im.
printed with their calls! Tt is 7 feet around and =o |
big they hang it on the nllt‘:ld? ol the house, |
With that Dell says “Aloha from Hawaii.”
And we'll sav “ge-wa-pa” from New T\hwim-—-'
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