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out of a ha t in midair and
sho w some results. Later 1'11
explain just why I chose the
figures I d id . This way we can
show t he results first and
figure out the whys and
whereofs later on. I guarantee
it will be a lot easier that
way. Last ly 111 add a few
general comments when I
compare a double bazooka to
other antennas designed for
broadband usage.

- - give your signal a blast

A Double Bazooka

William Vissers K4KI
1245 S. Orlando A ve.
COCOoJ Be.1ch F L 32931

A n interesting fou rteen
pa ge mathem a ti cal

analysis o f why t he coaxi al
dipole antenna doesn't work
for the ave rage amateur
appeared in the August 19 76
issue of Ham Radio. I did a
double take when I first read
it. About a year ago, after
having been off the a ir since
1935, I decided to get back
on. My bright and new Yaesu
FT·l01-B worked fine, but a
simple broadban d an ten na
was needed for the 80 meter
band. It seemed that a double
bazooka, or coaxial d ipole as
it's also called, would be just
t he thing.

Before I built one, I d id a
bit of t hinking as to just wh at
made a do uble bazooka work.
I realized that a very simple
change would ma ke it work a
lot better than any of t he
ones previously desc r ibed in
t he literature I had read.
After reading the refere nced
article, I decided to repeat
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m y previous expe rimental
work and also delve a bit
deeper into why my double
bazooka worked so well when
t he theore tical analysis
pro ved t he coa xia l d ipo le
would n't work .

Being an old-time ham,
ex-W3RN (1 928). possessed
of mo re lo w cu nning than
hig h math, I wan t to say that
I won 't write a lo ng mathe
matical treat ise as to why my
ante nna works as well as it
does. The ma thematics of the
referenced article are abso
lutely correct. so anyone
reading the referenced article
can go to it and repeat any or
all of the math he likes.

Instead of analyzing a
theoretical t hin wire dipole in
free space, we 11 analyze a
d ipole ante nna tha t more
close ly re p rese nts t he
cha racteristics of one built by
the average amateur. Then
we'll add t he coaxial stub
sections and sec wh at

Fig. 1. Bosic dipole antenna.

happens. At the same time
we'll observe the improve
ment in lo wering S\VT by using
my ne w parallel connection
techn iq ue as o pposed to t he
se r ies method previously
used .

Thi s a nalys is will be
theoretically calcu lated an d
t he resulting curves shown .
The curves wi ll show t he
an tenna witho ut any stubs
connecte d, t hen with t he
series method , the n with the
parallel method just de
veloped. And, finally, I'll
show the same kind of curves
as ac tually measured at my
coax line feeding the antenna
from the transmitter. This
will allow each amateur to
make his own decision as to
whet her a coaxial dipole has
any reason for being.

But one of the most
com pelling reasons for not
goi ng t hrough pages of math
is quit e practical. Most aver
age hams like m yself arc mo re
interested in seeing actual
results. Besides, anyone ca n
chec k the math for himself
fro m t he referenced article.
And now. as an exa m ple, I'll
pull some figures and values

Some Basic Theory

F irst , to refresh o ur
memories an d see exac tly
what we are goi ng to explain,
let's think about a sim ple
dipole antenna as shown in
Fig. 1. It is a wire an elec
t rica l ha lf wavelength long
wit h an insulator in t he
center where our fcedline will
attach at points A and B. And
we know that for practical
purposes our antenna at
resonance can be represented
by the simple series
circuit of Fig. 2. Ra is the
antenna resistance. Xl is the
inductive reactance, and Xc is
the capacithlve reactance in
Ohms. Also at resonance, Xl
is eq ual to Xc numerically,
but of opposite sign. And so
at resonance our impedance is
simply Ra. The Q of the
ante nna is Xl/Ra. Zc is t he
impeda nce of t he feed line we
will use, and for our purposes
it will be 50 Ohms, as tha t 's
what is gene rally ava ilable
and used by the average
ama teur. And also at reso
nance, the swr is ZJRa when
Zc is larger than Ra, and the
swr is Ra/le when Zc is
smaller than Ra. And if we
were really lucky and had an
antenna with a resonant
resistance of 50 Ohms, our
S\VT would be simply Ra/Rc
or SO/50 or 1: 1, and you
can't improve on that.

The re is not only one fly
in the ointment, but at least
t hree big ones and a few
smaller o nes buzzing aroun d,
as I'm sure yo u have alrea dy
guessed. First, our antenna
resistance is not always 50
Ohms. It can be either higher
or lower. Second, and more
importantly, is what happens
when we tunc our transmitter



Fig. 2. Basic dipole antenna resonant at 3. 75 MHz. Q = 10, SM"

= 1.25.. 1.
Fig. 3. Basic antenna dipole equivalent circuit at 3.5 MHz . SM"
~ 3.27."1.

an te nna ins ula tor would be
q uite a job. Secon d, it woul d
be hard to build suc h a
system using prac tical co m
pone n ts and st ill o btai n a
h igh Q. Sin ce we wan t the Q
of the parallel ci rcuit to be as
h igh as possib le for best
resu lts, t h is means we wan t
the losses to be as lo w as
possible.

F o r t una te ly , a sho rted
qu arter w avel e ng t h of
coax ial cabl e will act like a
high Q paralle l tuned ci rcui t.
At t he sa me time, the q uarter
wave sec t ions will also act
like a portio n of t he an tenna
radiating system. As a matter
o f passing interest, as it docs
ha ve so me bearing on o ur
furt he r discussion, we coul d
in t his exa mple replace o ur
parallel tuned circuit with a
quarter wave piece of coaxial
ca ble cu t for 3.75 MHL.
However , th is piece of cable
woul d have to have a char
acteris t ic impe dance of nine
Ohms. T o my knowledge,
there is no suc h kind of
coa xia l cab le of t his lo w
impedance o n the mark et
av a ila ble t o the average
a mateur.

We kn ow th at o ur antenna
will ha ve two quarter wave
leng th st ubs, one o n eac h side
of the ce n ter insulator. If we
p lan to usc 50 Ohm coaxial
cable, we ca n read il y see that
if we were to pa rallel the two
stubs, we waul d get down to
2 5 Ohms. Ho wever, the
d a u b te ba zooka an tennas
used up t o this t ime have a ll
s ho wed th e tw o stubs
connected a series, which
gives a c harac teris tic
impedance of 100 Ohms. And
we kno w that 25 Ohms is a
lo t closer to 9 Ohms tha n t he

".. ."

"'• . 0 OO-S
,.~ . 0 0 OMOOS ,

• )1 .. .

to some freq ucncy away fro m
resona nce. Th en t he re is the
th ird fl y of basic anten na Q,
wh ich will have a n impo rtan t
effect o n how we ll our
double b a zoo ka an tenna
works.

But let's first stick with
o ur basics a b it lon ger and see
what happens, for exa mple,
when o ur an ten na has a Q of
, 0 a nd a re so nan t resistance
of 40 Ohms. We 'll assum e,
a nd fo r pract ical purposes we
won 't be too far o ff, that our
basic an tenna di po le resis
tance will stay a t 40 Ohms
over the e ntire 80 meter
band. Let 's also assume o ur
resonant frequenc y is in t he
m iddl e of t he band at 3 .75
MHz. Our X, will numer
icall y be equ al to Xc and wil l
be equal to Xl = (Q) ( Ral =
(10)(401 = 400 Ohms. And
our swr a t resona nce will be
z.- /R. = 50/40 = 1.25, 1 at
3.75 MHz.

Now let 's loo k a nd sec
what the antenna looks li ke
at 3.5 MHz. Our inducti ve
reactan ce will d ecrease to
(400)(3.5 MH, I/(3.75 MH, I
= 373.3 3 Ohms. Our ca
pacitive reactance will in
crease to ( 4 0 0 )( 3 .7 5
MH, I/3.5 MH, ) = 428.57
Ohms. The difference will be
428 .57 m inus 37}.33 wh ich
is eq ual t o 55.24 Ohms. So at
3.5 MHz o ur a n te nna no
longer looks like a pure
res istance of 40 Ohms, but
looks like a 40 Ohm resis
tance in series with a ca
paci tive reac tan ce o f 55 .24
Ohms, as shown in Fig. 3.
And the calculations for the
swr of o ur antenna at 3.5
MHz with the 50 Ohm coax
feeder tied on turns o ut to be
3. 27:1. As I ment ioned

earl ier, the basic m athem at ics
of the referenced article go
into the detail s o f how to
ca lc ulate swr, a nd, a s we
d idn' t want to ma ke this
a r t icle too mathematical ,
we' ll let it go at tha t. How
ever, I' ll do some more math
cal culations mysel f and just
show the curves. It will save
us all a lo t o f time and effort.

We ll no w that we've see n
that o ur basic d ipole has an
swr of 3.27 :1 at 3 .5 MHz, we
won de r if there is any way
t ha t we can reduce th e s wr to
a lo wer value. He re is where
t he double bazooka comes in .

But be fore goi ng d irec tl y
to the antenna, le t 's see jus t
what we are act ually goi ng to
do . If we look a t the c ha r
acteristics of a paralle l res
o nan t ci rcu it and compare it
to the series circ uit of o ur
basic d ipo le , we wi II fi nd some
interest ing t h ings. Let us just
a rbitra ri ly take a condenser
o f 3600 p F a nd an ind uc
tance of .5 uH a nd connect
the m as a parallel ci rcuit. It
just happens tha t thi s ci rc ui t
wi ll re sonate at 3 .75 MHl. If
we assume a perfect coil and
co n d e nse r, th e parallel
impedance a t reso nance will
be infinity . So if we were to
place this parallel resonant
ci rcui t across the ins ula tor o f
o ur basic dipol e, nothing
would happen a t a fre qu ency
of 3.75 MHz.

But what happen s to o ur
parall el ci rc ui t by itself if we
t une the tran smitter to 3.5
MHz? With a bi t of basic
circui t t he ory, we find the
parallel tuned ci rcuit will be
equi va len t t o an ind uc t ive
reactance of 85.3 Oh ms. A nd
we already know that o ur
antenna by itself at 3.5 MHz
sho wed a ca paci tive reactance
of 55.24 Ohms in addi tion to
its resist ance value of 40

Ohms. Th is tells us that when
we loo k a t Figs. 4 and 5 , that
t he induc tive reactance o f the
tun ed parallel ci rc u it a t 3.5
MHz could be used in so me
manner to can cel all o r part
o f the capac it ive reac tance of
t he a ntenna at this freq uency.

Ano ther in teresting thing
is t hat the equivalent an tenna
resistance will no longer loo k
like 40 Ohms bu t will be a t
some highe r va lue. F ig. 5
shows the total eq u ivale n t
circ uit impeda nce o f t he
combined sy st em . Th e
equiva len t resistance is now
116 Ohm s a nd the capa ci t ive
reactan ce ha s d ropped to the
e x tremely low figure o f 2
Ohms. So we have seen that
by picking the right kind of
parallel tuned circuit, we can
p ra c t ic a l ly elimin ate t he
reactive compone nt at t he
band edge of 3.5 MHz.

A sim ila r action wou ld
ta ke place if we left t hings as
they were a nd t uned the
transmitter t o 4 MHz. And
now if we were to calculate
the swr of the com bined
circu it at 3 .5 MHz, sho wn in
Fig. 5, we would find tha t the
swr has bee n reduced to a
value of 2.33:1 . And , as o ur
or i g in al s wr without
compensat ion was 3 .27 :1, we
see that t he re is a way to
red uce swr in an ante nna.

It migh t be reasonably
asked a t this po in t, if we can
theoret ical ly redu ce the swr
of an antenna syste m with a
simple parallel re son an t c ir
cuit, why go to the do uble
baz ooka syste m ? There are
two basic reasons. F irst , we
no ti ce t ha t t he value of
capaci ty req ui re d is very high
a nd that the inductance is
o nly .5 u H. To properly tune
a nd b uil d such a ne twork
t uned exact ly to 3 .75 MHz
a nd insta ll it acro ss yo ur
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Fig. 4. Parallel tuned circuit.
Fig. 5. Basic dipole antenna with parallel tuned circuit
connected in at 3.5 MHz.
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prev ious ly used series
co nnection of 100 Ohms. The
stub improvement ratio is a
factor of four to one, which
is nothi ng to be sneezed at in
any antenna system . So if
anyone already has a series
double bazooka antenna up,
all he has to do is to change
over to the new parallel
configuration and notice t he
marked reduction in swr , Th e
series and parallel stub con
figurations are shown in Figs.
6 and 7.

The original coaxial stub
antenna was designed by the
staff of MIT for radar usc.
Their design shows a series
stub syste m. Actually whcn
you start from an original
design and are not limited
li ke we are to the use of 50
Ohm coaxial cable for feed
line and stubs, t he anten na
system co uld be optimized
using either a series or a
parallel st ub system . Nat
urally the feedli ne and stub
impe dances would be differ 
ent for the two different
types of antennas.

The series stub system was
apparently used for a very
good and si mple practical
reason. In the series stub
system, there is an electrical
neu tral point where the
center conductors of thc
coaxial stubs join, while the
parallel stub system does not
have such an elect rical
neutral. And the electrically
neutral point of the series
system WdS used as a
mechanical support point. In
this way the radar antenna
could be easily mechanical ly
physically supported without
an expensive electrical in
sulating system being re
quired. One would have been
needed if the parallel stub
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method had been used.
Appare ntly, whoever first

adopte d the concept of a
double stub anten na for
amateur use just went ahead
using t he series stub
connection without realizing
that a parallel stub system is
quite superior when using 50
Ohm coaxial line . But that's
why I can't help but feel that
basic concepts arc sometimes
better than high mathematics
where you can easily lose
sight of the basic objective
which, to me, is to bui ld an
antenna with the lowest
possible swr . And that's what
this article is really al l about.

Antenna Character ist ics

Although we ment ioned
t hat the referenced theoret
ical mathematical analysis of
a thin wire in free space was
correct, t here are a few thi ngs
that should be further con
sidered. There is no d is
agreement that the free space
thin wire coaxial dipole will
not work well in the series
configuration using a 50 Ohm
feedline and 50 Ohm stubs.
But, and this is a very big but,
the average anten na put up
by I he average amateur
differs markedly from an
antenna in free space . An
analysis of a coaxial dipole
using thin wire implies that
there is suc h a thing as thin
wire coaxial cable to be used
for the stubs . There is no
such thing. The very fact that
coaxial cable has a fin ite
thickness would lower the Q
of the free space thin wire
antenna . And we will find
that the lower the Q, the
better the stub sections will
work.

But more impo rtant than
the previous technical point is

t hat the resonant resistance
of an average amateur an
tenna is considerably lower
than that of an antenna in
free space. For a horizon tal
antenna to have a resistance
of 73 Ohms, which is the
same as free space resistance,
the antenna height has to be
at least a quarter wavelength
h igh. And this, for ou r reso
nan t frequency of 3.75 MHz,
turns out to be 65.5 feet
high . And in all ho nesty, how
many average amateurs can
boast of a pair of poles that
high supporting a horizontal
antenna 125 feet long? There
are none in my acquaintance.
Usually our average amateur
is lucky if he can get up an
inverted V wi th the center
pole about 35 to 40 feet
above the ground, with the
ends sloping downward.
An re n na resistance drops
rapi dly as the antenna height
is dec reased. Also, when an
antenna is formed into a V,
the resonant resistance de
creases. Combining these
factors and actual an tenna
resistance measurements, I
have found that a good
conservative value of antenna
resistance will work out to be
about 40 Ohms. And that ,
oddly enough, is the value we
have used in our basic dipole
calculations. Th is val ue is
op posed to the theoretical
free space value of 73 Ohms.
And that is a big difference.

The other important
factor is actual antenna Q. An
antenna in free space does
not have any losses except its
radiation 10 free space, if we
want to term it as such. Thus
for a theoret ical thin wire, its
Q is high. Ho wever, for an
antenna nearer the ground,
there are a number of
addit ional but unavoidable

lo sses . These losses are
ground losses, losses due to
local buildings and bushes,
and actual losses in the
antenna system itself. My
ow n measurements on
amateur antenna systems
have confirmed that such
combined losses will have a
mar ked effect on reduci ng
the basic antenna Q. And
after muc h thought, a Q val ue
of 10 was chosen. And, as we
mentione d earlier , a low Q of
our basic antenna system will
make the stubs relatively
more effective. This fact has
been known for some time in
the construction of coaxial
dipole a nte n nas . Some
amateu rs even make the end
sections of their coaxial
dipoles out of open wire
transmission line to reduce
the Q. A very good example
of this is shown in the 1975
ARRL Amateur Handbook in
the description of a broad
band dipole popularized by
W8TV. He used open wire
line for his end sections, and
reporte d measured values of
swr of 1.7:1 at 3.5 MHz and
1.9: 1 at 4.0 MHz. But every
amateur will have to make his
own tr adc-offs in determ ining
just how he wants to build his
own antenna. In my case, I
didn't use any open wire line
for the end sections, but just
extended the coaxia l cable.
And my own measured swr
was a bit higher than ob
tained by W8TV.

Th eoretical a nd Actual
Measured Swr Curves

In the final analysis of any
theoretical calculation, the
best proof is correlating
experimental data . The curves
of Fig. 8 are the theoretical
calculations of swr based
upon an antenna that we had
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Fig. 8. Theoretical calculations for dipole antenna. RA = 40
Ohms, Q = 10, resonant frequency at 3. 75 MHz.
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compe nsa te for end effects
and the presence of near by
o bjects. In my o wn case , I
noti ce measurable changes in
both antenna resonant fre
quency and swr when I even
trim the hedge near the ends
of my inverted V coaxial
dipole . The ends are about
twelve feet above t he ground.

And, as previou sl y men
tion ed , if you use some thing
like an open wire line for
your end sect ions, yo u will
probably further reduce you r
overall Q an d your band edge
swr va lues . Th e swr you get is
a fun ction of severa l vari
ables, an d yo u' ll find th at
ex perime nta tio n is both fun
and tru ly instr uct ive, as it has
bee n in my o wn case. -
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If it is desired to make
experimental measuremen ts
to see what the swr of your
antenna is without the stubs
connected , it can easi ly be
done as fo llo ws. Just connect
the cente r conductor of eac h
coaxia l st ub to its o wn shie ld.
Leave the feeder connec t io ns
as they were .

In Figs. 6 and 7 I've shown
the feeder line of co ax cable
con nected directl y to the
antenna without t he use of a
bal un. My own antenna seems
to work fine wit hout a bulun ,
a lthough a balu n may make
your ante nna more clcc
t rically balanced.

It may be necessar y to
trim and adj ust the o vera ll
length of the antenna to

Ant enna Length Calculatio ns

The fo ll o wing info rmat ion
is used in calcu lating the
lengths of the stubs and also
the overall length of the
a n t e n na. Calculat io ns a re
sho wn for an antenna t hat is
resona nt at 3 .75 MHz. All
dime nsions are in feet.

just t he mechanical con
struction wo uld be a bit
for mi da ble. He also men tions
the work done by Dwight
Borton W9VMQ titled, "80
Meter Bow T ie Antenna,"
Ham Radio, May, 1975_ This
is an extremely interest ing
art icle to read. However,
from the curves sho wn by
W9VMQ, the double bazooka
antenna sbo ws a lower swr
than a bow t ie antenna made
of regula r copper wire. It is
only when the bow t ie
antenna was cons t ructed o ut
of galvanize d wire , rather
than regular copper wire, that
the swr of the bow t ie was
lower than that of the coaxial
d ipole. Unfortunate ly, this
fact was not brought out by
the write r of the fir st refe r'
ence d article. It should be
quite a pparent that the swr of
any antenna system can be
lowered by using wire with a
higher e lectrical resistance
than regular copper wire . But
wh y intenti ona lly introduce
losses tha t are not necessary ?
That's a trade-o ff that eve ry
amate ur will have to decide
for himself. My final advice is
to "keep yo ur bazookas up
and your swr down!"

assumed approached the char
acterist ics of that put u p by
the average amateur. Cu rve A
is the antenna without any
stubs connected. Curve B is
the same antenna with the
quarter wave 50 Ohm stubs
connected in series. And
lastly, curve C shows what
happens when the st ubs are
connected in parallel. It is
very obvious that the parallel
stu b sys te m is quite superior
to that of the series con
nected system. And, as we
h ad p r evio usly indicate d,
these calculations did not
take int o account feedlinc
losses.

Fig. 9 is the proo f of t he
pudd in g . T h e c urve
nomenclature is the same as
Fig. 8. These measurements
were made d irect ly a t the
transmitter usi ng two four
inch Swan WM·1500 watt
meters capa ble of reading
forward and reve rse power.
The meter accuracy is 10
percen t at fu ll scale. Swr
calculatio ns were made fro m
th e forward and reverse
p ower measured . It was
interesting to note that the
ac tual measu red data sho wed
a better swr improvement
than what the theoret ical
calculation s had predicted.
But the measured dat a clea r ly
shows that a broadband
coaxial dipole is an actual
rea lity and no t a math
ematical imposs ibili ty. My
own advice is, "Try one,
y ou' ll like it. "
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Fig. 9. Actual measured values of swr for inverted V coax ial
dipole.124.8 fH'!:.•

Frequency in MHl

".
3.75

C246ll Veiocit y factor of coaxial cable)
Frequency in MHz

(246)1.661 .. 43.3 feet
3.75

And, assu ming we use
RG-58 /A, we look up in the
ante nna handboo k and f ind it
has a veloci ty factor of .66.

•

T he antenna overall length
is calculated usi ng t he equa
tion:

Length ..

Final Observations

The f inal question th at
should be thou ght of is, a re
th e re any better simple
broadband an ten nas for 80
mete rs than the coaxial
d ip o le ? In my personal
kno wledge, I don 't know of
any. T he writer of the refer
enced article me ntions such
things as a multiwire fan
sha ped bow tie dipole in
vented by P.5. Carter of RCA
an d used since 1937 to obtain
the bandwid th necessary for
te levision . T his is correct , b ut
when we magnify such an
ante nna to the pro portio ns
needed for an 80 mete r
an tenna, I would suspect that
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