
Chapter 21 

Some Aspects of 
The Balun Problem 
(Adapted from QST, March 1983) 

Sec 21.1 Introduction 

Why all the mystery surrounding baluns? 
Here 's some straight talk to dispel the 
rumors! The balun—to use, or not to 

use—is one of the hottest topics in amateur radio. 
Because certain aspects of the connection between a 
coaxial feed line and a balanced antenna have been 
ignored, misunderstanding still exists concerning 
the function of baluns. Many commercial baluns 
embody some form of impedance transformer, pro
moting our tendency to misconstrue them as little 
more than a matching device, while their primary 
function is to provide proper current paths between 
balanced and unbalanced configurations. 

To help clarify the misunderstanding, this chap
ter explains some of the undesirable effects that 
occur when a balun is not used, and some that 
occur when baluns employing coupling transform
ers are used. In many cases, these effects cause sig
nificant errors in measurements of antenna termi
nal i m p e d a n c e and S W R . This chapte r a lso 
describes a simple and inexpensive method of 
loading the outside of a coaxial feed line with fer
rite, which effectively produces a well-balanced, 
wide-band choke balun. Because this configuration 
eliminates the coupling transformer (with inherent 
impedance-transfer ratio errors), the accuracy ob
t a i n a b l e i n a n t e n n a i m p e d a n c e a n d S W R measure
ments is greatly improved. In addition, antenna-
matching networks may be used with this choke 
balun, because no mismatch limits are imposed by 
the balun. 

Sec 21.2 Transformer Accuracy 
Using the General Radio 1606-A precis ion 

impedance bridge and the Boonton 250-A RX 
meter, I have made measurements of transformer-

type baluns which prove that with a 50-ohm resis
tive load, the transformers in typical 1:1 or 4:1 
baluns do not yield a true 1:1 or 4:1 impedance 
transfer ratio between their input and output termi
nals. This is because of losses, leakage reactance, 
and less than opt imum coupling. My findings have 
been substantiated by the work of the late John 
Nagle, K4KJ (Ref 80). Furthermore, the imped
ance-transfer ratio of such baluns degrades even 
further when used with an antenna that is reactive 
from operation away from its resonant frequency. 
This degradation of impedance transfer associated 
with transformer-type baluns poses no serious 
operational problems. However, S W R curves plot
ted from measurements of an antenna using such a 
balun differ significantly from those using a choke 
balun that has no impedance-transfer error. Thus , 
when a precision bridge is used to measure anten
na impedance (R + y'X), the data will be er roneous 
with either a transformer-type balun in the circuit, 
or with no balun at all. 

Sec 21.3 Should SWR Change 
with Line Length? 

We know that the feed-line input impedance 
changes with line length when the load (antenna) is 
not matched to the line. Sometimes t r imming the 
length of the feed line helps to obtain a load imped
ance bet ter suited to match the t ransmi t te r . 
Theoretically, the S W R should not change with 
line length—except for a barely perceptible change 
because of the corresponding change in line atten
uat ion. Then why does the S W R s o m e t i m e s 
change? If the SWR changes significantly with a 
change in line length, it means that the load imped
ance terminating the line is also changing. The load 
impedance can change with line length? Yes. If a 
balun is omitted when you feed a balanced antenna 
with coaxial cable, the load impedance will change 
when the line length is changed, and of course the 
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SWR will also change! To explain this commonly 
experienced phenomenon we must investigate how 
current flows in an antenna system. 

To understand the functions of a balun, it is essen
tial to be familiar with current paths at the feed point 
of the dipole. These paths are shown in Fig 21-1 . 
Because of their symmetrical relationship, the 
dipole arms couple energy of equal magnitude and 
opposite phase onto the feed line, thus canceling 
induced current flow on the outside of the feed line 
(Ref 81). What is disturbing is the discovery that 
there are three paths for current flow in a coaxial 

feed line, instead of only two. How can there be 
three current paths in only two conductors? At RF, 
skin effect isolates the currents flowing on the inner 
and outer surfaces of the coaxial shield. This effect, 
which does not occur significantly at DC or low-fre
quency AC, prevents currents that flow on the inner 
braid surface from interacting with those on the 
outer surface, and vice versa. 

As shown in Fig 2 1 - 1 , while traveling within the 
transmission line, current II flows on the center 
conductor and 12 flows only on the inner surface of 
the outer shield. When antenna current is flowing 
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Fig 21-1. Illustration of the various current paths at a dipole feed point. 
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from left to right as shown, II flows out of dipole 
arm 1, downward onto the center conductor, and 
returns to the generator. Current 12, being of oppo
site phase and direction, flows upward along the 
inside surface of the feed-line shield until it reach
es the junct ion of dipole arm 2. At this junction, 12 
divides into two separate paths to form 13 and 14. 
Current 13 flows back down the outside surface of 
the feed line, and 14, which equals 12 - 13, flows to 
the right onto dipole arm 2. The magnitude of 13 
depends on the impedance to ground provided by 
the outside surface of the coaxial shield. 

If the effective path length to R F ground is an 
odd multiple of X/4, the impedance to ground will 
be very high, making 13 negligible. In this case, II 
and 14 will be nearly equal. On the other hand, if 
the R F path to ground is a multiple of X/2, the 
impedance to ground will be fairly low, and current 
13 may be substantial. This results in unequal cur
rents in the dipole arms and radiation from the feed 
line. In many instances, this R F path to ground 
includes the transceiver line cord and some house 
wir ing, te rminat ing at the power-l ine ground! 
Thus , the ampli tude of 13 varies with changes in 
feed-line length because of changes in the imped
ance between dipole arm 2 and ground. 

Keep in mind that transmission-line currents II 
and 12 cannot produce radiation because their 
fields are not only of equal magnitude and opposite 
phase, but their fields are also confined within the 
shield of the coaxial cable. However, the field 
developed by 13 does radiate, and thus, the outer 
surface of the coaxial braid effectively becomes 
dipole arm 3 , which is connected in parallel with 
dipole arm 2. 

To clarify this equivalent connection of radiators, 
I 've simplified the circuit as shown in Fig 21-2. 
Since currents II and 12 do not interact with any 
other currents, we may hypothetically place the RF 
generator directly at the input terminals of the 
antenna. Now that the coaxial cable is no longer 
needed to transfer power from the generator to the 
antenna, the third conductor of the feed line (the 
outside surface) can be replaced with a single wire 
connected between arm 2 and RF ground. We have 
not changed the circuit electrically because 13, 
which previously flowed on the outside of the 
coaxial cable , still flows to ground—but now on 
the single wire shown. 

We know that, depending on height, the imped
ance of a dipole at resonance is usually between 50 
and 75 ohms, and is purely resistive. At frequencies 
above resonance, the resistance increases gradually 
and series inductive reactance appears; below reso
nance, the resistance decreases and capacitive reac
tance appears. The impedance of each dipole a rm 
is half of the total dipole impedance. Since the far 
end of arm 3 is at R F ground, its impedance behav
ior follows that of a short-circuited t ransmission 
line, with the short appearing at ground. Thus , 
when the length of arm 3 is an odd multiple of X/4, 
its impedance is a parallel-resonant m a x i m u m , a 
high resistance typically from 2000 to 3000 o h m s . 
This high resistance in parallel with arm 2 has lit
tle effect on the total dipole impedance. However, 
as the effective electrical length of arm 3 depar ts 
from X/4 (or odd multiples thereof), by changes in 
either its physical length or the generator frequen
cy, the input resistance of arm 3 decreases , and 
reactance also appears in series with the resistance. 
This reactance is inductive when the length de
creases and capacitive when the length increases. 
If the length of arm 3 is a multiple of X/2, the resist
ance will be a series-resonant minimum value (but 
not zero, because of arm 3 radiation and ground 
loss). Thus, when arm 3 departs substantially from 
an odd multiple of X/4, the net resistive and reac
tive components of the parallel combinat ion of 
arms 2 and 3 are different than those of arm 1. 
Consequently, the dipole impedance is different 
than if arm 3 was not present. 

Returning to Fig 2 1 - 1 , we can now see that with
out a balun changing the feed-line length also 
changes the antenna length (arm 3), which in turn 
affects the impedance at the input end of the feed 
line. Therefore, the S W R measured at the input of 
the transmission line does change with line length 
when no balun is present to eliminate 13. This phe
nomenon explains a point that is often puzzling for 
the amateur who uses no balun, and who believes 
that he must trim his dipole each time the feed-line 
length is changed "to keep the SWR down." 

It is evident that, in coupling an unbalanced line 
to a balanced load (such as a dipole), the primary 
function of a balun is to block the external current 
path between the inside and outside surfaces of the 
coaxial shield. With a balun in the circuit, 12 will 
not divide at the end of the feed line to form 13, but 
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Fig 21-2. Simplified electrical representation of Fig 21-1. 

instead will flow only onto dipole arm 2. Thus , 
when 13 is zero, 14 equals I I , and the currents 
flowing on dipole arms 1 and 2 are equal and 
therefore balanced. 

After presenting all the above, let me stress that 
a balun at the antenna feed point will not prevent 
current from flowing on the outside of the coax 
shield when the coax is asymmetrically coupled to 
the antenna. When antenna currents on the feed 
line are caused by asymmetrical coupling to the 
antenna, a balun will not eliminate these currents, 
but will only change their phase and magnitude. 

Sec 21.4 The Effects of Using No Balun 
It should now be obvious that obtaining accurate 

impedance measurements of a dipole antenna is 
difficult. When a transformer-type balun is used to 
avoid errors caused by 13, impedance-transfer 
errors obscure the true impedance at the antenna 
terminals. If the balun is omitted, the true imped
ance is obscured by the impedance of arm 3 shunt
i n g half of the d i p o l e . S i n c e t h e r e is no p r a c t i c a l 
way to determine the impedance of arm 3, the true 
antenna impedance and SWR cannot be calculated 
from the measured data (Ref 83). 

Referring again to Fig 21 -1 , bear in mind that for 
any given physical length of feed line, the electri
cal length of the coaxial braid surface carrying 13 
is not the same as that of the inside conductors car

rying II and 12. This is because the dielectric con
stants and the propagation velocity factors are dif
ferent for the internal dielectric material and the 
material of the outer jacket . For example, the 
velocity factors for polyethylene and Teflon™, the 
inner dielectric of various coaxial cables, are 0.659 
and 0.695, respectively. The factor for foamed 
polyethylene is between 0.75 and 0.81, depending 
on the amount of air in the foamed material. If the 
outside surface of the coaxial cable is bare, the 
velocity factor for the outer shield carrying 13 
approaches 0.95. However, the usually thin outer 
cover ing of po lyv iny lch lo r ide (or somet imes 
Teflon™) reduces the antenna-current velocity fac
tor to a value somewhat less than 0.95. 

From an operational viewpoint, current 13 itself is 
usually not detrimental to the performance of simple 
dipoles for 760 through 40 meters. In addition, 13 
alone does not cause TVI, unless the feed line is 
much closer to the TV antenna than the transmitting 
antenna. However, radiation from external feed-line 
current can cause severe distortion in the radiation 
p a t t e r n s of d i r e c t i v e antennas, such as Yagis and 
quads. Unless a gamma match or other type of 
unbalanced input-matching scheme is used, all 
beam antennas with balanced input terminals 
require a balun if the optimum performance of the 
antenna system is to be achieved when f e d with 
coaxial cable. For example, when a balun is not 
employed, the feed line and tower together become 
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a separate, non-directional vertical antenna. The 
tower then produces unwanted vertically-polarized 
radiation that fills in the rearward null in the beam 
pattern, destroying the front-to-back ratio. The 
tower radiates along with the feed line, because cur
rents flowing on the outside surface of the line are 
induced in the tower through inductive and capaci
tive coupling between the feed line and the tower. 

Sec 21.5 The Choke Balun 
Although many baluns embody some form of 

coupling transformer, an alternative is to insert an 
RF choke in the outer conductor of the feed line. 
This presents a high impedance to 13 without 
affecting the internal line currents. Advantages of 
this method are the lack of limitations on either 
max imum S W R or power handling. In addition, 
there is no impedance-transfer error that plagues 
transformer types of baluns (which causes a skew
ing of S W R and impedance plots), because the 
choke balun has no coupling transformer; the feed 
line goes straight through to the antenna terminals! 

The simplest choke balun is formed by coiling up 
a few turns of the feed line, starting where it con
nects to the antenna terminals. In the frequency 
range of 14 to 30 MHz, several turns of feed line 
coiled in a 6- to 8-inch diameter form an inductor 
with enough series reactance to minimize 13 and 
practically el iminate feed-line radiation. Unfor
tunately, this form of choke (with its air core) is not 
practical below 14 MHz, because too much coiled-
up feed line would be required to reduce 13 to an 
acceptable level at the lower frequencies. 

A word of caut ion is in order when the choke 
balun is used on tower-mounted antennas: The 
choke coil should be placed directly at the feed 
terminals of the driven element. If the coil is 
placed away from the feed terminals , any portion 
of feed line between the terminals and the coil is 
coupled to the boom or mast, which in turn is cou
pled to one arm of the driven element . This unbal
anced coupl ing results in an imbalance of currents 
in the driven element , causing pattern skewing 
and tower radiat ion. 

The frequency range of the choke balun can be 
extended to well below 2.0 M H z by using a core of 
high-permeabil i ty ferrite instead of air. With high
er core permeability, the choke inductance increas
es dramatically, thereby retaining the high reac

tance needed to minimize 13 at the lower frequen
cies. Of great importance, no core saturat ion 
occurs at high power levels in the choke balun (a 
ser ious p rob lem in t ransformer- type ba luns ) , 
because the core excitation is low level, produced 
only by 13 and not by the high internal line current 
that feeds the antenna. 

Sec 21.6 The W2DU Balun 
Constructed with Ferrite Beads 

I have obtained greatly improved choke-balun 
performance by placing several ferrite beads or 
sleeves of even higher permeability around the 
coaxial feed line (Ref 84). For readers w h o wish to 
build this simple coaxial balun, bead materials of 
various size and R F characteristics are available 
that dramatically increase both the resistance and 
reactance of a conductor. (Adding resistance to the 
reactance in this circuit improves the operat ional 
bandwidth of the balun with no increase in loss.) In 
general, the impedance of the outer coaxial braid 
surface increases almost proportionately with the 
number of beads placed over it. A combinat ion of 
50-ohm TeflonTM-dielectric RG-303 cable (or R G -
141, with the fabric covering removed) and ferrite 
beads having an ID of 0.197 inch and a length of 
0.190 inch form a superb, compact wide-band 
balun. While the two inner conductors of the coax
ial cable remain unaffected, the beads introduce a 
high impedance in series with the outer surface of 
the braid. This configuration effectively isolates the 
external output terminal of the feed line from that 
at the input end. 

I made a test balun by slipping 300 no. 73 beads 
(p = 2500 to 4000) over a piece of RG-303 coaxial 
cable. The impedance of the outer conductor of the 
cable measured 4500 + y'3800 ohms at 4 .0 M H z ; 
15.6 + y 13.1 was measured using a single bead. For 
practical baluns to be used from 1.8 to 30 M H z 
(less than 12 inches long, including connector) , use 
50 no. 73 beads (no. FB-73-2401) . 1 For 30 to 250 
MHz, use 25 no. 43 beads (p = 950 to 3000, no. 
FB-43-2401) . No. 64 beads (p = 250 to 375) are 
recommended for use above 200 MH z , but I have 
not yet experimented with them. The coaxial cable 
need be only long enough to hold the beads and to 
access the end connectors. The plots appearing in 
the graph of Fig 21-3 show the measured values of 
series resistance R, reactance X, and impedance Z 
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Fig 21-3. Graph of frequency versus series impedance of coaxial-ha Inn shield outer surface. 

versus frequency of the outer braid surface of a 
choke balun for both the 25- and 50-bead types. 
With either balun, 13 will be negligible over the fre
quencies indicated. 

At full legal input levels, no power-handling 
problems will arise using these baluns, because the 
C W power-handling capability of the cable is 3.5 
kW at 50 M H z , and 9 k W at 10 MHz (Ref 87). Any 
suitable connector that will mate with the load end 
of your feed line can be used at the input of the 
balun coax, and the balanced-output terminals may 
simply be pigtails formed by the inner and outer 
conductors of the balun coax. Methods for con
necting the output terminals of the balun to the 
antenna are left to your ingenuity. 

To emphasize simplicity, what V H F antenna buff 
wouldn' t delight in dumping his unwieldy, fre
quency-sensitive, X74 line balun? You can replace it 
simply by putting some ferrite beads on the last 
few inches of the coaxial feed line! 

Sec 21.7 Analysis of Voltage 
and Current Baluns 

Roy Lewallen, W7EL, performed extensive analy
sis and testing of imbalance on different circuit 

arrangements of both the choke balun and the fer-
rite-core transformer balun (Ref 118). His analysis 
shows that while choke baluns are current baluns, 
bifi lar-wound4:l and trifilar-wound 1:1 transformer 
baluns are voltage baluns. To the best of my knowl
edge, with the exception of the W2DU ferrite-bead 
balun (which is a current balun), all 1:1 baluns avail
able on the commercial market that use trifilar trans
former baluns are therefore voltage baluns. 

Lewallen determined analytically that current 
baluns force equal currents into opposite halves of a 
dipole, independent of the impedance of either half. 
On the other hand, voltage baluns provide only 
equal voltage to the opposite halves, and thus do not 
provide equal currents in each half if the imped
ances of the two halves are not identical. His tests 
show overwhelmingly that choke-type current 
baluns provide the best balance of the dipole cur
rents, and the least flow of antenna current on the 
transmission line. Lewallen's paper is a real eye-
opener concerning balun design and use. Tests per
formed by Dr. John (Jack) Belrose, VE2CV, provide 
corroborating evidence of the validity of Lewallen's 
analysis and tests, which I describe in Sec 21.10. 

In addition to Lewal len 's work, Sabin also per
formed a detailed analysis concerning the actions 
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of the electric and magnetic fields in the operation 
of the 1:1 current balun, along with experimental 
evidence that prove his conclusions to be correct. 
{Ref136). 

Sec 21.8 Verifying Output-Current 
Balance in Current Baluns 

As stated, the ferrite-bead choke balun is a cur
rent balun. I use a simple test technique that proves 
the balun is a current balun and that also deter
mines the degree of current balance between the 
balanced output terminals. As illustrated in Fig 2 1 -
4A, mount the balun on a one-foot square aluminum 
plate, with the shield side of the unbalanced coaxial 
input terminal grounded to the plate. Connect a sep
arate resistor between each of the coaxial output ter
minals and the plate. Fig 21-4B shows the electrical 
equivalent of this test setup. With an RF voltage 
applied at the unbalanced input terminals, measure 
the voltage appearing across each resistor with an 
RF voltmeter. (1 use a Hewlett-Packard 41 OB.) 
When both resistors are of the same value, identical 
values of voltage will appear across each resistor, 
indicating equal current in each resistor, and signi
fying a balanced output. 

Although equal current flowing in equal resist
ances signifies a balanced output relative to voltage, 
it does not yet prove we have a current balun. 
However, we can prove we have a current balun if 
we can show that equal currents flow in each termi
nating resistor when their resistances are unequal. 
Indeed, this is the case, because with this balun the 
voltages appearing across unequal values of termi
nating resistances are directly proportional to the 
values of the resistance, while the currents are equal. 
For example, say the two terminating resistors are 
50 and 100 ohms, and the input voltage is adjusted 
so that 1 volt appears across the 50-ohm resistor. 
Then 2 volts will appear across the 100-ohm resis
tor. Applying Ohm's Law now proves that equal cur
rents are flowing in the two terminations, even 
though their impedances are different. 

The ferrite beads perform their task of isolating 
the output and input terminals of the coaxial-line 
outer conductor by inserting a high longitudinal 
impedance between them, which permits the bal
anced output from an unbalanced input. If you have 
any doubt about that, consider this: If the beads 
were not inserting a high resistance in series with 

the outer surface of the outer conductor, terminat
ing resistor R l in Fig 21-4 would be short circuit
ed by the low resistance of the outer conductor and 
low resistance of the ground plane, thus the voltage 
appearing across R l would be zero. 

Sec 21.9 Baluns with Antenna Tuners 
In providing a balanced output for feeding open-

wire or ladder-line transmission lines, it is c o m m o n 
practice among manufacturers of antenna tuners to 
place the balun in the output circuit of the tuner. In 
all manufactured tuners with which I 'm familiar, the 
baluns used are transformer-type, 4:1 voltage baluns 
wound around ferrite cores , usually toroids . 
Unfortunately, the output circuit is not necessarily 
the ideal place for the balun, for reasons I'll explain 
shortly. Further, the voltage balun is vastly inferior 
to the current balun in obtaining balanced currents 
in the feed line. Sec 21.10 explains why it is that 
when you use balanced feeders, the ideal arrange
ment for an antenna tuner is to place the balun at the 
input of the tuner, and for the balun to be a choke-
type current balun such as the W2DU balun. 

Let 's first examine some of the problems encoun
tered when you use a ferrite-core, transformer-type 
voltage balun in the output circuit of the tuner. 
When a transformer balun has a ferrite core, the core 
is subjected to the total magnetic flux developed by 
the load current, and the resulting high magnetic 
flux density can cause the core to saturate. When the 
core saturates, the RF waveform in the output 
becomes distorted, creating undesirable harmonic 
signals. A transformerless choke balun made with 
coiled-up coax, or a short coax with external ferrite 
beads, has no core to saturate. In addition, the exter
nal beads are not subjected to the magnetic flux 
developed by the load current. The beads are sub
jected only to the flux developed by the small cur
rent flowing through the high impedance that the 
beads create on the outside surface of the outer con
ductor. Hence, no harmonics are generated with the 
ferrite-bead current balun. 

Another problem encountered with the ferrite-
core transformer-type voltage balun is the distrib
uted capaci tance between its windings, which 
causes current unbalance between the two output 
ports that feed the balanced feed line. The input 
impedance of a balanced feed line can range in 
value from low to very high, and generally has a 
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reactance component . The higher the line-input 
impedance, and the higher the operating frequency, 
the greater is the effect of the distributed capaci
tance in contributing to output current unbalance. 
On the other hand, output current unbalance is neg
ligible with the ferrite-bead current balun. 

Another undesirable feature of the 4:1 ferrite-
core balun placed at the output of the tuner is that 
it easily can be permanently damaged. This can 

happen from overloading the balun when you oper
ate with high power into a line having a high SWR 
that results in a high input impedance containing a 
large amount of reactance. 

A still further undesirable feature of the 4:1 fer-
rite-core balun is its contribution to power loss. 
Typical losses with this type of balun range from 
around 0.5 dB at 2 M H z to 2 dB at 30 MHz. In con
trast, the loss in the W 2 D U balun is minimal, only 
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Fig 21-4. The drawing at A shows a test setup for measuring the degree of balance in a current balun, and B 
shows its electrical equivalent, with an RF source. With a perfect balun and an RF voltage applied at the 
unbalanced input, the voltage drops across Rl and R2 will be directly proportional to their resistances. This 
proves that equal current flows in the two resistors, and no current flows on the outside of the coax shield to 
short out R l , contrary to the way it appears in B. 
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from 0.1 to 0.2 dB across the band, because the 
only loss involved is in the attenuation suffered in 
a 10.5-inch length of coaxial line. 

Sec 21.10 Placing the Balun 
at the Input of the Antenna T\iner 

At least three writers published articles that advo
cate placing the balun at the input of the tuner, rather 
than at the output, for the same reasons I explained 
above. These writers are John Belrose, VE2CV (Ref 
132), Alber t Roehm, W 2 0 B J (Ref 127), and 
Richard Measures, AG6K (Ref 133). Belrose (in 
1981) showed a balanced T-network driven by a 4:1 
voltage balun (but see the paragraphs that follow). 
Measures used a balanced L-network fed by a 1:1 
choke, or current balun comprising a coiled-up sec
tion of coaxial line. To cover the range of 1.8 to 30 
MHz, his balun is a rather bulky 20 feet of coax 
coiled on a 5-inch diameter ABS pipe. The bulki-
ness can be reduced by using the W2DU configura
t ion—a 10.5-inch long coax section covered with 
external ferrite beads, which is just what Roehm did 
in his arrangement. However, the results of Roehm's 
and Measures ' placing the balun at the input of the 
tuner are excellent. 

Let me add a few words about the work of John 
(Jack) Belrose , P h D , V E 2 C V (Ref 132). Jack con
ducted tests on a novel approach to the broad-
banding of d ipole antennas and published the 
results in QST (Ref 134). His antenna is a symmet 
rical with respect to the impedance seen relative to 
each wire of a balanced feed line. Consequent ly , 
he discovered that the currents in each wire of the 
feed line were severely unbalanced when using 
the 4:1 voltage balun to feed the balanced antenna 
tuner. He then substituted a commercia l ly manu
factured W 2 D U current balun and repeated the 
measurements . To his surprise, the feed-line cur
rents were almost perfectly balanced when using 
the W 2 D U balun. Jack ' s feed line compr ised two 
parallel coaxial l ines; the outer conductors were 
connec ted together and grounded to the tuner, 
and the center conductors were used as the bal
anced feeders. 

Jack ' s measurements also revealed that when he 
used the voltage balun, the current on the outer 
conductors was high, and varied widely over the 
frequency range from 2 to 30 MHz, also signifying 
poor balance. However, when using the W 2 D U 

current balun, the outer conductor current was very 
low, and nearly constant, verifying the good bal
ance. These results of Jack 's measurements offer 
additional verification of my own measurements 
that prove the W 2 D U current balun solves many of 
the problems experienced with the t ransformer 
baluns that I described earlier. 

Jack prepared graphs that compare input imped
ance and attenuation versus frequency of a ferrite -
core balun and the W 2 D U balun. The data in the 
graphs again confirm my measurements . They 
attest to the remarkable superiority of using ferrite 
beads around a coaxial line to form a current balun, 
compared to the ferrite-core transformer-type volt
age balun. Jack has also devised a unique method 
of forming a 4:1 current balun by using two W 2 D U 
baluns, connecting them in parallel at the input and 
in series at the output. 

Since the 1st edition of this book was published, 
Roy Lewallen performed an analysis concerning 
balun operation with antenna tuners, compar ing the 
performance of 1:1 baluns placed at either end of 
the tuner. In private correspondence, he reported 
that there is an insignificant difference in perform
ance of the balun, whether placed at the input or 
the output of the tuner. 

Sec 21.11 The Labor Pains and Birth of 
the W2DU Ferrite-Bead Current Balun 

It is interesting to know that the original design 
of the W 2 D U ferrite bead balun is a spin-off from 
the development of antenna systems designed for 
spacecraft built by RCA's As t ro -E lec t ron ic 
Division, specifically the antenna system devel
oped by the author for the world 's first weather 
spacecraft, TIROS 1, and its successors. 

Because the radiation patterns of the antenna sys
tem are vital to the successful operation of the 
spacecraft, many measurements of the patterns 
were required during the development stage to dis
cover the correct physical and electrical properties 
of the antenna that would produce a satisfactory 
pattern while attached to the spacecraft. 

To obtain realistic radiation patterns of the 
antenna it must be mounted on the spacecraft dur
ing the measurements , because the spacecraft is in 
the radiation field of the antenna, and therefore 
distorts, or modifies, the shape of the field that 
would be radiated from the antenna if it were oper-
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ating in free space—i.e . , without being mounted 
on the spacecraft. 

Consequently, to measure the patterns from all 
angles around the entire radiation sphere of the 
antenna, the spacecraft was mounted on a revolving 
pedestal having a freedom of motion that allowed 
the spacecraft to be rotated on two separate quadra
ture-related axes—i.e. , 90° between the axes. 

In the measurement setup used at RCA's antenna 
test range, the entire spacecraft with its antenna 
was immersed in an electromagnetic field radiated 
from a g r o u n d - m o u n t e d log-per iodic an tenna 
aimed at the spacecraft. The field comprised an RF 
signal modulated by a 1-kHz audio tone received 
by the spacecraft antenna. The received audio sig
nal tone was conducted down the pedestal through 
a coaxial downlead cable and routed to the control 
room where it was recorded during the rotation of 
the spacecraft, recording the RF signal level. 

However, the vertically-oriented coax downlead 
distorted the radiation pattern when measuring 
either the vertical or circular polarization of the 
spacecraft antenna, but not when measuring with 
horizontal polarization. It was thus obvious that 
because the downlead was also immersed in the RF 
field, re-radiation from the downlead as a second 
source of R F was distorting the field illuminating 
the spacecraft antenna and thus distorting its radia
tion pattern. Proof that the downlead was the cul
prit was obtained when manually moving the 
downlead three or four inches in any direction 
caused a variation in pattern level greater than 3 dB 
in any antenna orientation where the pattern level 
was a few dB below the maximum. Unacceptable. 

Consequently, to obtain true radiation patterns 
from the spacecraft antenna it was necessary to 
eliminate radiation from the downlead. I knew that 
a conductor of length X/4 or less could not sustain 
an RF current, but at the V H F / U H F frequencies 
involved in the measurements the downlead was 
several wavelengths long. One way to solve the 
problem would be to break the downlead into indi
vidual lengths, X/4 or shorter, and connect them 
with resistors that would effectively impede the 
RF, but allow the audio to travel. However, the 
mechanical construction for this solution seemed 
impractical . 

During this era a new method of restricting flow 
of R F current on conductors was coming into 

vogue with the use of ferrites. Ferrite beads placed 
around a conductor al lowed DC to flow, but 
restricted the flow of RF. I contemplated what 
would happen if I were to place an appropriate 
bead around the downlead at every X/4 point along 
the coax at the measurement frequency. This 
arrangement would effectively break the coax into 
X/4 R F sections electrically, but leave it intact 
physically. Therefore, I experimented with no. 43 
bead material placed around the RG-58 cable at X/4 
intervals, and voild—no more radiation from the 
downlead and thus no more distortion of the radia
tion pattern from movement of the downlead. 
Accurate radiation patterns from the spacecraft 
antennas at last! 

Several months later, while listening to on-the-
air discussions of problems that occurred when 
using wi re -wound vol tage baluns const ructed 
around a ferrite core, a light bulb turned on in my 
mind. My immediate thought was if beads imped
ed current flow on the downlead in the radiation-
pattern measurement setup, why wouldn' t they also 
impede common-mode current flow on the outside 
of the coax feed line resulting from the foz/anced 
input of the antenna terminating the unbalanced 
coax? Why not indeed! I knew current was flowing 
on the outside of my feed line, because when meas
uring the impedance at the input terminals of the 
line using the General Radio GR- 1606-A R F 
impedance bridge, the indicating null would disap
pear while running my fingers along the line. I 
knew from those symptoms that the common-mode 
current on the feed line was also destroying the 
accuracy of the impedance measurements. 

I then reasoned that a bead resistance of at least 
ten t imes the impedance looking into one half of 
the dipole should reduce the current flow on the 
outside of the coax shield to one-hundredth of the 
power delivered to the dipole half connected to the 
shield, an insignificant amount . 

After researching the various terminal imped
ances that would be encountered with dipoles 
throughout the H F bands the worst-case situation 
appeared to occur on the 75-80-mete r band, when 
operating at the low end of the band at 3.50 MHz 
with the antenna resonant at 3.75 MHz. At 3.778 
MHz the terminal impedance of my nearly reso
nant 125-ft dipole was 64.83 + jO. 18 ohms, for a 
1.28 SWR. However, at 3.50 M H z the terminal 
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impedance was 53.17 - j 144.35 ohms, for a 9.6 
SWR. (These values can be seen in Table 15-5 and 
from Fig 15-1.) The magnitude of this impedance 
is 153.8 ohms at 69.8°. However, this is the total 
input terminal impedance of the dipole, while the 
dipole half fed by the shield, or outer conductor of 
the coax, is only one half of this value, or 76.9 
ohms. Thus , a bead resistance of approximately 
800 ohms should provide adequate reduction of 
common-mode current on the outside of the feed 
line in this worst-case situation. 

After s tudying the specifications of several fer
rite beads I ordered 300 no. 73 beads from The 
Wireman for experimentation. A brief report of 
some of the experimental data that led to the design 
of the commercia l version of the W 2 D U balun is 
shown in Sec 21.6. Additional data can be seen in 
Fig 21-3 , which shows the impedance, resistance, 
and reactance of 50 no. 73 beads versus frequency. 
Observe that the bead impedance at 3.50 MHz is 
slightly greater than 1000 ohms, amply sufficient 
to reduce the common-mode current on the feed 
line of the 80-meter dipole to insignificant. 

In addition to showing the impedance plot of my 
80-meter dipole from 3.45 to 4.075 MHz, the graph 
of Fig 15-1 provides evidence that the common-
mode current on two different coaxial feed lines is 
insignificant when the 50-bead W 2 D U balun is 
inserted between the feed line and the antenna. As 
mentioned earlier, common-mode current on the 
outer surface of the coax will destroy the accuracy 
of any measurement of impedance at the input of 
the coax. When measuring the terminal impedance 
of an antenna by measuring the impedance at the 
input of its calibrated feed line, the same imped
ance reading will be obtained regardless of the 
length of the feed line as long as its calibration is 
accurate. However, if a common-mode current 
exists on the outer surface of the coax, different 

input terminal impedances will result if the imped
ance is measured using coax of different lengths, 
even though both are accurately calibrated. The 
greatest difference will prevail if the difference in 
lengths is X/4. 

Observe that in Fig 15-1 the solid lines represent 
measurements of the resistance, reactance, and 
S W R of my 80-meter dipole made with a X/4 
length feed line, while the dashed lines represent 
measurements made with a X/2 length feed line. 
Observe also that the difference between the solid 
and dashed lines is almost non-existent, indicating 
insignificant errors in measurement, and showing 
negligible common-mode current flowing on the 
lines, thus proving the effectiveness of the W 2 D U 
balun in eliminating the common-mode current . 
Note that the dipole data measured with both the 
X/4 and )J2 length feed lines plotted in Fig 15-1 
appears in Tables 15-4 and 15-5. 

Thus endeth the story of the evolution of the 
W 2 D U ferrite bead balun. 

Note 
1. F e r r i t e bead m a t e r i a l m a y be o b t a i n e d f r o m t h e f o l 

l o w i n g sou rces : T h e W i r e m a n (Press Jones , N 8 U G ) , 2 6 1 
P i t t m a n R o a d , L a n d r u m , S C 2 9 3 5 6 ; p h o n e 8 0 0 - 7 2 7 -
9 4 7 3 ; w e b s i t e < w w w . t h e w i r e m a n . c o m > . T h e W i r e m a n 
a lso has W 2 D U b a l u n s a v a i l a b l e b o t h i n k i t f o r m a n d 
f u l l y f a b r i c a t e d , r e a d y f o r i n s t a l l a t i o n . F e r r i t e b e a d m a t e 
r i a l is a l s o a v a i l a b l e f r o m P a l o m a r E n g i n e e r s , B o x 
4 6 2 2 2 2 , E s c o n d i d o , C A , 9 2 0 4 6 ; p h o n e 7 6 0 - 7 4 7 - 3 3 4 3 ; 
w e b s i t e < w w w . P a l o m a r - E n g i n e e r s . c o m > ; a n d A m i d o n 
A s s o c i a t e s , 2 4 0 B r i g g s A v e n u e , C o s t a M e s a , C A 9 2 6 2 6 ; 
p h o n e 7 1 4 - 8 5 0 - 4 6 6 0 ; w e b s i t e < w w w . a m i d o n c o r p . c o m > . 
F u l l y f a b r i c a t e d W 2 D U b a l u n s are a l so m a n u f a c t u r e d b y 
the U n a d i l l a A n t e n n a M a n u f a c t u r i n g C o m p a n y , P O B o x 
4 2 1 5 , A n d o v e r , M A 0 1 8 1 0 ; p h o n e 9 7 8 - 9 7 5 - 2 7 1 1 ; w e b 
s i te < w w w . u n a d i l l a . c o m > , a n d are a v a i l a b l e at A m a t e u r 
E l e c t r o n i c S u p p l y ( A E S ) o u t l e t s . ( N o t e : W 2 A U b a l u n s 
m a d e by U n a d i l l a a re trifilar 1:1, and bifilar 4:1', ferrite-
core, transformer-type voltage ba l uns . ) 
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