
Bal uns: What They Do
And How They Do lt
By Roy lV.  Lewal len,*  IVTEL

*5470  SW 152nd  Ave . ,  Beave r ton ,  OR 97007

I ' v e  a l w a y s  b e e n  a  b i t  b o t h e r e d  b y  b a l u n s t
s ince I  was never  sure what  they are supposed to dot
le t  a lone hotv they might  go about  doing i t .  The
m a j o r i t y  o f  a r t i c l e s  d e a l  w i t h  v a r i o u s  w a y s  o f
bui ld ing and test ing baluns,  or  the advantages of
one type over  another ,  but  a lmost  never  a word about
when or  why a balun is  neeessaryr  i f  a t  a l l .  L ike
most  amateurs,  there have been few occasions when I
have been able to te l l  i f  a  balun has any ef fect  on
an  an tenna  sys tem,  and  when  i t  has ,  t he  e f f ec t
hasn' t  a lways been good!  The turn ing point  came when
I  was t ry ing to measure the resonant  f requency of  a
fo lded d ipole through a one-vravelength coaxia l  l ine.
The br idge nul l  var ied a great  deal  as I  moved my
hand  a round  the  coax ia l  cab le ,  o r  i f  t he  l i ne  o r
br idge was moved.  A hast i ly  eonstructed balun in-
sta l led at  the center  of  the d ipole e l iminated the
p rob lem.  Bu t  why?

I  f ound  a  b r i e f ,  bu t  c l ea r  exp lana t i on  o f  one
phenomenon involved in a paper by l l laxwel l '  W2DU.U
However,  many quest ions remained.  This led me to an
inves t i ga t i on  o f  j us t  how  ba luns  a re  supposed  to
work,  and what  problems they are supposed to cure.
One surpr is ing conclus ion I  found f rom my research
is that one popular type of balun' when properly
designed and used in an antenna system, may not
so l ve  t he  p rob iems  tha t  ba luns  & re  expec ted  to
solve.  Other  resul ts  ind icated that  the type of  feed
I ine (balanced or  unbalanced) has l i t t le  to  do wi th
how wel l  a  system is  balanced.  ln  order  to ver i fy t
o r  r e f u t e ,  t h e  t h e o r e t i c a l  r e s u l t s ,  s e v e r a l
exper iments were earefu l ly  set  up and run,  and the
data analyzed.  The resul t  is  a much e learer  v iew of
the operat ion of  baluns in  antenna systems,  and some
def in i te  t 'dost t  and t 'dont ts t '  regarding thei r  use.

What Prpblems ale Baluns fupposed to Solve?

B a l u n s  u s u a l l y  s o l v e  p r o b l e m s  c a u s e d  b y  a n
imbalance.  An imbalance of  what? To answer th is
q u e s t i o n ,  w e  n e e d  t o  l o o k  a t  c u r r e n t  f l o w  i n
t ransmiss ion l ines.

I n  a  coax ia l  cab le ,  t he  cu ren ts  on  the  i nne r
conductor  and the ins ide of  the shie ld are equal  and
opposi te.  This is  because the f ie lds f rom the two
eurrents are conf ined to the same spaee. \2 With the
presence of  sk in ef feet ,  a  d i f ferent  current  f lows
on the outs ide of  the shie ld than on the ins ide. \ ]
The  cu r ren t  on  the  ou ts ide ,  i f  s i gn i f i can t ,  causes
the feed I ine to act  l ike an antenna,  radiat ing a
f ie ld that  is  proport ional  to  th is  current .

A  tw in - i ead  feed  l i ne  has  s im i l a r  p rope r t i es ,
desp i t e  i t s  d i f f e ren t  phys i ca l  na tu re .  S ince  i t  i s
p h y s i e a l l y  s y m m e t r i c a l ,  i f  t h e  c u r r e n t s  f l o w i n g
through the conductors are equal  and opposi ter  the
radiat ion f rom the l ine is  min imal  (assuming that
the conductor  spacing is  very smal l  re lat ive to a
wavelength) .  However,  several  factors may cause the

eu r ren ts  i n  t he  two  conduc to rs  t o  be  imba laneed ,
tha t  i s ,  o the r  t han  equa l  and  oppos i t e .  I f  t h i s
happens,  the balanced feed l ine wi l l  radiate l ike a
coaxia l  cable that  has current  on the outs ide of  the
shie ld.  This occurs because the eomponents of  the
currents on the two conductors that  are equal  and
opposi te create f ie lds whieh cancel .  But  the f ie ld
f rom any remain ing eomponent  on e i ther  eonductor
(cai led a eommon-mode,  seeondary-mode,  or  antenna
c u r r e n t )  w i l l  c a u s e  r a d i a t i o n . \ 4 . 5 . 6  I n  t h i s  a r -
t ic le ,  the eur fent  on the outs ide of  the coaxia l
sh ie ld,  or  the antenna eurrent  on the twin lead,
wi l l  be eal led the imbalanee current :  They are
caused by the same th ings and produce the same
ef feets.

Imbalanee eurrent ,  on e i ther  k ind of  l ine,  is
t he  cause  o f  a  number  o f  undes i rab le  e f f ec t s :
o  p a t t e r n  d i s t o r t i o n  ( c a u s e d  b y  t h e  f e e d - l i n e

radiat ion adding to the antenna-radiated f ie ld,
or  by unequal  currents in  the antenna halves)

o TVI  ( radiat ion f rom a feed l ine coupl ing in to
nearby te lev is ion sets,  house wir ing,  and so
on)

o RF in the shack (eaused by a r rhot t t  radiator  -
the feed l ine -  res id ing in  the shack)

If you have read other articles on baluns, youtl l
recognize these as the problems baluns are supposed
to solve. What isntt usually too clear is that they
are a l l  caused by eurrent  imbelanss,  on e i ther
eoaxial or twirrlead feed line. Of eourse, if the
imba lance  cu r ren t  i s  su f f i e i en t l y  sma l l  t o  beg in
wi th,  a balun is  not  necessary at  a l l .  Or  i t  ean be
said that  a proper ly  designed balun wi l l  not  so lve
the problem being exper ienced.

What Causes S5ntem Imba-lance?

The  f i r s t  eause  o f  i  m  ba lanee  cu r ren ts  was
explained by I\4axwell. It wil l be repeated here for
completeness.  When a balanced antenna is  fed wi th
eoax ia l  eab le  (F ig .1 ) ,  t he  ou ts ide  o f  t he  sh ie ld
appears as an extra,  separate eonductor  conneeted to
the r ight  s ide of  the antenna at  the feed point .  The
cunrent  in  the cablers center  conductor  f lows into
the le f t  hal f  o f  the d ipole.  The equal  and opposi te
eurrent  on the ins ide of  the shie ld f lows par t ly
in to the r ight  hal f  o f  the d ipole,  and par t ly  a long
the outs ide of  the shie ld.  The proport ion of  current
which f lows eaeh way is  determined by the re lat ive
impedances of  the two paths.  The current  on the
outs ide is  the greatest  when the tota l  e f fect ive
length of  the path a long the outs ide of  the eoaxia l
eable from the antenna to ground is an integral
number of  hal f  wavelengths,  s ince th is  makes the
i m p e d a n c e  p r e s e n t e d  b y  t h e  u n d e s i r a b l e  p a t h
re la t i ve l y  l ow .  I f  t he  r i g  i s  e f f ec t i ve l y  an  odd
number of  quar ter  wavelengths f rom actual  ground,  i t
is  at  a vol tage maximum and can be hot .  On the other
hand,  there are other  combinat ions of  lengths for
which the imbalance current  wi l l  be negl ig ib le -
cases where a balun does not  make any not ieeable
difference.

The obvious solution to this problem is to feed
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twin lead. This solves the problem neatly, unti l you
encounter the problem which most of us have todayt
i l lustrated in Fig. 2. Suppose that we went ahead
and connected the l ine as shown schematically in
Fig.3.  I f  the r ig  could be totaUy iso lated f ront
ground, the feed-line conductor currents would be
-qual and opposite, just as they would be if coaxial
cable were used; the imbalance current would be
ze ro ,  and  the  feed  l i ne  wou ld  no t  rad ia te . \ 1 .
However,  when we connect  the r ig  to ground,  as shown
by the broken l ine,  wetve again prov ided a th i rd
conductor  in  para l le l  wi th the r ight  s ide of  the
feed line, and the same problem occurs as with the
coaxial cable (see Fig. 4). So either type of l ine
is unbalanced if a direct path to ground is provided
from one side, and both can be a balanced, non-
radiat ing l ine i f  the imbalance current  is  e l i  m-
inated.

I m b a l a n c e  c u r r e n t  c a n  b e  e a u s e d  a l s o  b y
situations where the two sides of the antenna are
not precisely symmetricall Coupling to nearby ob-
jects,  tne t i l t  re lat ive to ground,  or  s l ight  d i l -
ieren"es in lengths of the two antenna halves.\8
Another cause of imbalance currents is induction. lf
the feed line is not exactly placed at a right angle
to the antenna, a net current is induced into it by
the antenna fieid. This current appears as an im-
balance current .  At  UHFr where the d iameter  of
c  o a x i a l  c a b l e  i s  a  s u b s t a n t i a l  f r a c t i o n  o f  t h e
length of the antenna elements, coaxial l ine is more
d i f f i cu l t  t o  p lace  symmet r i ca l l y  re la t i ve  t o  t he
antenna than twin lead is (ttris is sometimes given
as the only reBson for using a balun!). The problem
is negligible at VHF (except perhaps with very Iarge
diameter  coaxia l  cable)  or  below.

What Baluns Do

Letts recall what we want a balun to do: cause
the currents in the feed-Iine conductors to be equal
in magnitude and opposite in phase, resulting in a
zero imbalance current .  I Iow wel l  do the popular
balun types do this?

One type of balun is known as a transformer-
type balun- or balun with a tertiary winding (Fig.
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5) . \ g  Th i s  t ype  i s  common ly  used  fo r  p rov id ing
single-ended to d i f ferent ia l  convers ion for  dr iv ing
balanced mixers, push-pull amplif iers, and so on. It
seems to be suitable for our purpose. An analysis of
its operation (see Appendix 1) shows that it does
indeed  pe r fo rm an  unba lanced - to -ba lanced  con -
ve rs ion .  The  vo l t ages  a t  t he  ba lanced  po r t  a re
caused to be equal, and opposite, in phase relative
to the cold side of the unbalanced port. Thus, the
use of this sort of balun wil l eliminate the problem
of current f low on the outside of a l ine only if tbe
antenna is perfectly ba-laaced. There is nothing
gained by forcing the voltages of the two antenna
halves, whether balanced or not, to be egual and
oppos i t e  re la t i ve  t o  t he  co ld  s i de  o f  t he  ba lun
input (usuaUy connected to the shield of a coaxial
feed line), since the antenna field is proportional
to the cunents in the elements, not the voltages at
the feed point .  I  wi l l  ca l l  th is  type of  balun a
vol tage balun to emphasize that  i t  ba lances the
output voltages regardless of load impedances.

Current on
outer  sur face
o f  sh ie ld

t s ^ r 1 a  |  ) n d

A n n A c l  t o

currents

FLg. 2 - Ore solution to the inba-Lance
is to feed the balanced antenna with a
feed line - twirr 1ead.

Rte

T n n a n  f a n n d r r n l - n n

Current = CUrrenI
t o  l e f t  h a l f  o f
d i p o l e

Current  on
inner  sur face
^ f  ^ L i  ^ t  i
U I  J T T I g f , U

Fig. 1 -- Inbalance causd by arrother path to
ground frorn only one side of the dipoJ-e.

probJ-en
balanced



Fig. 3 -- If the rig were isolated fronr gror.rnd,
the feed-line conductor currents would be equal
and opposite, the jnbalance current would be zero
and the feed ]i-ne would not radiate.

Fig. 4 -- Wlren the rig is connected to ground, _
a ihirO conductor in para1le1 with the right side
of the feed ]lne is introduced. This causes an
imbalance in both coaxial cable and twin lead
feed thes.

Ano the r  t ype  o f  ba lun  tha t  appea rs  i n  t he
literature has been called a choke-type balun (Fig.
6) .U-0 I t  resembles the vol tage balun,  exeept  that
the ter t iary winding is  miss ing.  The analys is  of
both types of balun in Appendix 1 shows that the
effect of a tertiary winding is not a minor one. The
two types of baluns produce fundamentally different
results. The voltage balun causes equal and opposite
voltages to appear at the balanced port regardless
of  load impedanees,  but  the second type of  balun
eauses equal and opposite currents on the conductors
at  both por ts  for  any load impedanees.  For  th is
reason,  I  wi l l  ca l l  th is  type of  balun a curent
balun.  In tu i t ive ly ,  the cument  balun produces the
sor t  of  ef feet  we would expect .  When wound wi th
tw i s ted  pa i r  o r  tw in  l ead ,  i t  i s  no th ing  bu t  &
bi f i lar  RF choke that  impedes any net  eurrent  which
tries to flow through it. When wound with coaxial

cable,  i t  ean be v isual ized as an RF choke aet ing
only on the outs ide of  the coaxia l -eable shie ld,
reducing the current  to  a very smal l  va lue.  This is
the exact  funct ion a balun needs to aecompl ish when
used in an Bntenna system.

A current  balun can be constructed by winding
coaxia l  feed l ine in to a coi l ,  winding e i ther  type
of  feed l ine onto a core,  or  by st r ing ing ferr i te
co res  a long  e i t he r  t ype  o f  l i ne . \ I [  Even  i f  t he
balun is  mediocre,  there wi lL  be no ef fect  on the
des i red  p rope r t i es  o f  t he  l i ne  i t se l f  ( impedance ,
e l e e t r i c a l  l e n g t h ,  S I V R ,  a n d  s o  o n ) .  A  l e s s -
than -pe r fec t  vo l t age  ba lun  ean  have  a  p ro found
ef fect  on the impedance seen at  i ts  input  beeause of
t he  te r t i a r y  w ind ing .  Impedance - t rans fo rm ing  (4 :1 )
baluns are d iscussed in Appendix 3.

Fig. 5 - Voltage balun (see text). The bottom
winding is sometires referred to as a tertiary
winding. AlJ- windings are cl-osely coupled.

w
OUT

IN
Lr.lJ"A/ .

Fig. 6 -- Current bafun (see text). Both
windings are closely coupled.

Erperiments

A ser ies of  exper iments was designed to test
t h e  v a l i d i t y  o f  t h e  r e s u l t s  o f  t h e  t h e o r e t i c a l
invest igat ion.  A 10-meter  d ipole was set  about  12
feet  above the ground,  and about  f ive feet  above the
edge of  an e levated wooden deck (F ig.  ?) .  One-hal f
wavelength f rom the eenter  of  the d ipole,  a 4- foot
rod was dr iven into the ground,  whieh was eomplete ly
saturated wi th water  at  the t ime the exper iments
were run (dur ing November,  in  Oregon).  To fur ther
lower ground-system impedance,  s ix  radia ls  were
placed on the ground around the ground rod. Two feed
l ines were eut  to  a hal f  wavelength:  one of  RG-S9/U
coaxia l  eable,  and one of  72-ohm t ransmit t ing twin
lead. The velocity factors of the eables were not
taken into aceount ,  s ince the in tent  was to have the
outs ide of  the coaxia l  cable,  or  the two paral le l
conduetors of  the twin lead,  be an e lect r ieal  hal f -
wavelength long.  A low-power 10-meter  t ransmit ter
loeated at ,  and conneeted to,  the ground system was
used as a s ignal  souree.

Current  probes and baluns were bui l t  as de-
ser ibed in Appendix 2.  Two of  the eurrent  probes
were permanent ly  wi red in to each s ide of  the d ipole
near the feed point, and a third was used for all
feed- l ine measurements.  A s ingle detector  was used
for  a l l  measurements,  and i t  was cal ibrated over  the
range of encountered output Ievels by using a signal
source and precis ion at tenuator .  The resul ts  of  the
exper iment  have been corrected to aeeount  for  the
measured nonl inear i ty  of  the deteetor .

I
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No at tempt was made to keep the power level  or
impedance match constant from one test to another.
When running an experiment with no balunr a current
balun, and a voltage balun, the only -variation in
the system was to change the balun. Init ially' the
inteni was to use the antenna current probe readings
as a measure of cument balance in the antenna
halves. However, a case was encountered in which tbe
antenna halves showed equal currents, but a large
imbalance current was measured in the feed line at
the antenna feed point - a seemingly intpossible
combination! (Tne equal antenna currents were even
more suspicious because no balun was being used, and
the antenna had intentionally been made nonsym-
metrical for that test.) A bit of thought provided
the answer. The imbalance current is measured by
plac ing the feed I ine through the current-probe
i o r o i d - .  I n  c o n j u n c t i o n  w i t h  t h e  d e t e c t o r ,  i t
measures the magni tude of  the vector  sum of  a l l
currents flowing through the toroid. Each antenna
cu r ren t  p robe ,  w i t h  t he  de tee to r ,  measu res  tbe
magnitude of the current in each half of the an-
tenna,  at  the feed point .  What  must  be happening is
that the currents in the dipole halves are equal in
magni tude,  but  not  180 degrees out  of  phase.  A check
of  the current-probe outputs wi th a good-qual i ty
dual-channel oscil loscope confirmed the hypothesis:
The currents were 230 degrees,  rather  than 1 80
degrees,  apar t ,  a l though equal  in  magni tude.  What  an
interest ing pet tern that  d ipole would have!  But  th is
il lustrates how misleading the magnitudes of element
currents can be when judging balance. Measuring the
imbalance current  in  the feed l ine at  the feed point
does,  however,  prov ide a good indicat ion of  the
balance of the currents in the antenna halves. If
the imbalance current  is  very smal l ,  the currents in
the sides of the antenna must be nearly equal in
magnitude and opposite ih phase. A significant im-
balance current ,  on the other  hand,  ind icates that
one or both conditions have not been met.

Measurement  of  the imbalance current  on the
feed line also indicates how much the feed line wil l
radiate.  The imbalance cufrent  at  the r ig  prov ides a
measure of RF in the shack. In the following testst
the magni tude of  the euruent  w&s measured in each
conduc io r ,  t hen  the  magn i tude  o f  t he  imba lance
current was neasured by placing the complete feed
l i ne  t h rough  the  cu r ren t -p robe  to ro id .  A  s i ng le
figure of merit, balance, was calculated as:

Fig. 7 - Experirental setuP.

i n o  b a r u n

Fig. 8 -- Setup arrd results of experirnents 1
and 5. Nwbers are r€asured bal"ance in de.

Discussion

I f  t he  d ipo le  ba lance  ( sYm me t r y )  we re  i ndeed
pe r fec t  f o r  expe r imen t  L ,  we  wou ld  expec t  t he
curents in  the s ides of  the d ipole to be unbal-
anced,  resul t ing in  imbalance current  on the feed
l i ne .  Th i s  i s  because  the  ou ts ide  o f  t he  eoax ia l
shield appe&rs as a conductor in parallel with half
of  the d ipole.  Also,  e i ther  a current  or  vo l tage
balun should reduce the imbalance - rnt to zero.
Since the feed Iine is placed symmetrically relative
to  t he  an tenna ,  no  add i t i ona l  cu r ren t  shou ld  be
induced into the feed line, so the imbalance should
also be quite small at the end of the l ine when
either type of balun is used.

With the nonsymmetr ica-  d ipole (exper iment  5) '
we would expect the voltage balun to do worse than
in experiment f. iVe would also expect the current
balun to do about the same, and the no-balun case to
be considerably worse.

Results

In  expe r imen t  1 r  t he  vo l t age  ba lun  d id  no t
perform as well as the current balun, indicating
some asym metry in  the d ipole.  At  the f requency
chosen, the small differences in connections and a
slight t i l t of the antenna could easily account for
what happened. When no balun is usedr a curious
result is the much better balance at the rig end
than at the antenna end of the feed line. This may
be because the feed lines werenrt exactly an ef-
fective half wavelength longr because there was a

e " l .  5

! . 1

balance (dB) = 2o rog

Exper iments 1 through 4 were-  done using a

n o m i n a l l y  s y m m e t r i c a l  d i p o l e ,  a l t h o u g h  r e s u l t s

indicate that  some asymmetry was present '  For  ex-

feriments 5 through i, the dipole was intentionally
t "O" nontymmetr ica l  by lengthening one s ide by f ive

inches,  anb shor tening the other  s ide by the same

amount .

Bperiments I and 5:

See Fig.  8.  The d ipole was symmetr ica l  for

exper iment  1,  nonsymmetr ica l  for  exper iment  5 '
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