Broadband Dipoles—Some New

Insights

The search for a broadband 80-meter dipole has continued.
Efficiency, often ignored, plays an important role.

By Frank J. Witt, Al1H
20 Chatham Road
Andover, MA 91810

ntennas that provide a good im-
A pedance match over a wide fre-

duency range have been a topic of
interest to hams for many vears, Interest
has been highlighted by several recent ar-
ticles and a recent patent."* The advan-
tages of a broadband antenna are obvious:
fewer udjustments during tune-up, and, for
some of the new broadband transceivers
and amplifiers, no fune-up at all; after set-
ting the band and frequency, one is “‘in
business.”

The topic of broadbanded antennas is
fraught with misconceptions and im-
pressive claims. In an attempt to gain
further understanding, [ wrote 4 computer
program that analyzes the performance of
the half-wuve dipole with various kinds of
bandwidth-broadening schemes. The
program, written in BASIC for the
Commodore™ 64 computer, is user friend-
Iv and well documented. {it may be trans-
lated to run on other computers.) Appendix
¥ contains a description of the program and
the assumptions and equations used in the
analysis. Appendix 2 shows how one can
design some of the broadband antennas
described in this article.

The Half-Wave Dipole

In order to provide a foundation of
vormparison for some new approaches, first
et us briefly review the performance of
some previously reported bandwidth-
broadening schemes.® The reference
antenna used for comparison is the uncom-
pensated half-wave dipole, The SWR ver-
stun freguency plot for a typical 80-meter
harizontal wire dipole is shown io Fig 1.
The Jata shown with the drawing gives the
parameters of the dipole.

Most modern amplifiers are designed to
mateh an antenna system with an SWR of
better than 2:1. Therefore, in this article,
the frequency band aver which the SWR
35 better than 2:1 will be used as the
comparison bandwidth. For the typical,

"Notes appear an p 37.
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Fig 1—=The 80-meter uncompensated hali-
wave dipole.
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Fig 2--The cage dipole gives very efficient
broadbanding, but poses practical
problems an 80 and 160 meters.

~ uncompensated dipole of Fig 1, the band-

width is 220 kHz.

'C'age Dipole

Fig 2 shows what can be done by lower-
ing the Q of a dipole. In practice, this is
aceomplished by fartening the dipole
conductor, as in the case of the capge dipole.
This technique is usually not a practical
approach for 80 and 160 meters, where
bandwidth widening is desired, because of
the required cage dimensions. For exam-
ple, in the case of an 80-meter dipole, it
would be necessary 0 make a cage 3 feet
in diameter in order to achieve the charac-
teristics of Fig 2. The bow-tie and fan di-
pale make use of the same O lowering
principle to obtain ingreased bandwidth.

Importance of Efficiency

When one ausgments a dipole with some
matching scheme fo acquire increased
bandwidth, a tactor frequently overlooked
is the efficiency of the antenna system.
When the SWR at the antenna end of the
transmission line is less than 2:1, the
transmission-line losses are virtually the
same as those from the length of a matched
line. Thus, for the part of the band over
which the SWR is less than 2:1, one need
only consider losses in the matching net-
wark when computing efticiency. Hence,
the efficiency definition used here is:

Efticiency {(%ay -
100 % Power radiated by dipole

Total power delivered to the antenna
plus matching petwork

In what follows, not only will the SWR
versus frequency be calculated, bui so will
the efficiency versus frequency.
Efticiency is related to resistive or ohmic
losses in the matching network, The lower
the losses, the higher the efficiency.
However, ohmie losses in the matching net-
work wilt broaden the response of a dipole
systern beyond that possible with a lossless
or tdeal matching network. Users must
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Fig 3—Matching the dipole with a
complementary RLC network greatly
improves the SWR characteristics, nearly
1:1 across the 80/75-m band. But the
relative 1055 at the band edges is greater
than 5 dB,

decide whether they are willing to accept
the lower efficiency in trade for the in-
creased bandwidth.

An extreme dJegree of bandwidth
broadening is illustrated in Fig 1. The
broadening is accomplished by adding
resistive losses, One may resort to some
network theoty and derive the RLC
(resistor, inductor, capacitor) matching
network shown there, The network is called
the romplement of the antenna impedance.
Mote that the SWR is virtually i:1 over
the entire band, but the efficiency falls off
dramatically away from resonance.
Another way of interpreting the band-edge
etticiency of 25 or 30% is that the antenna
has about 5 dB of ioss relative to an ideal
dipole:

Eftfici ency.

B (loss) - o

- 10 log

Also note that at the band edges, 70 to 75%
of the power delivered down the trans-
mission [ne from the transmitter is heat-
ing up the matching-network resistor. For
a 1-kW output level, the resistor must have
i power rating of at least 750 watts! Use
of an RLC vompiementary network for
broadbanding is not recommended, but it

28 5%
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Fig 4—Types of resonators for broadbanding resonant antennas.

does illustrate how rexizfance (or losses) in
the matching network can significantly
increase the upparent antenna SWR
bandwidth.

In the cases that tollow, the designs are
based on using reactive components
(transmission-line resonators or inductors
and capacitors) tn achieve bandwidth
widening. The nonideal nature of real-
world components leads to less than F00%
efficiency,

Resonators as Matching Networks

The most practical broadbanding net-
work for a dipole is the parallel LC tuned
circuit connected directly across the
antenna terminals. This circuit may be real-
ized by using a coil in paratlel with a capac-
itor or by using a coaxial resonator, Fig 4
shows the various resonators used for
analysis in this article, For the horizontal
dipole cases shown helow, the stubs are
assumed to be made of RG-58A.

The Double Bazooka

The response of the somewhat

controversial double bazooka antenna is
shown in Fig 5. This antenna actuaily con-
sists of a dipole with two quarter-wave
coaxial resonators connected in series, Fig
¢, Not much bandwidth enhancement is
provided by this resonator connection be-
cause the matching network has too high
an impedance level. Note the negligibly
small bandwidth bmprovement wver the
uncompensated dipole of Fig [. For
comparison, it is useful to define band-
width improvement factor (BWIF) as
follows:

BWIF =

21 SWR bandwidth of broadband antenna
2:1 SWR bandwidth of uncompensated
haif-wave dipole

The double bazooka BWIF equals 1.14,

The Crossed Double Bazooka

In earfier articles, the crossed connection
of a double bazooka antenna has been
described.” The response of this antenna is
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Fig 5—The double bazooka, sometimes
called a coaxial dipole. Because the BASIC
program assumes that the two stubs are in
parallel, the characteristic Impedance of
the line for each stub is set to 208 ohms.
This is equivalent to twa 52-:chm stubs
connected in series. .

shown in Fig 6. In this case, the impedance
levei of the matching network, Fig 4D, is
reduced 1o be one-fourth the impedance
level of the network of the standard double
bazooka. The lower impedance level pro-
vides more reactance correction, and hence
increases the bandwidth by a noticeable
amount. The BWIF equals 1.55, Notice,
however, that the efficiency of the anten-
na drops to about 800% at the 2:1 SWR
band edges. The broadbanding, in part, is
caused by the resistive losses in the coaxial
resonators, which have 4 remarkably low
Q) {only 20,

The 4»ymmetnca! C mwed Double
Bazooka

The matching network of the crossed
double bazooka may be viewed as a half-
wave coaxial resonator with the connection
made ai the midpoint. The impedance level
of the matching network may be reduced
to an even lower level by, in effect, tapping
the half-wave resonator of the crossed
double bazooka at a point off center. This
case is shawn in Fig 7. Note that by using
4 lower, more optimum impedance level for
the resonator, even more broadbanding is
ubtained. The BWIF in this case equals
2.16. Notice also that the dimensions of this
kind of resunator are still practical since the
veloeity factor of the coax (0.66 for RG-58
dnd RG-8) leads to shortened stubs. A
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Fig 6—The crossed double bazooka yields
bandwidth improvement by using two
quarter-wave resonators, parallel
connected, as a matching netwotk,

variant of this antenna is shown in Fig X,
The half-wave resonator has open ends,
permitting even lower maiching-network
impedance levels to be physically realized.
For this case the BWIF equals 2.29,

An even more practical asymmetrical
crossed double bazooka antenna mayv be
produced by using a tapped guarter-wave
resunator. In this case, one end of the stub
is open-circuited while the other end is
shorted. This case is shown in Fig 9. The
BWIF s again 2.29. Note that the
efficiency drops to only about 45 ta 55%
at the 211 SWR limits.

The asymmetrical stubs unbalance the di-
pole antenna unless the wire portions are
made the same diameter as the stubs. The
magnitude of this unbalance has not
been analyzed, but could be compensated
by making the dipole “halves’’ unequal in
length.

It is interesting to note that the effective
Q that can be obtained with a quarter-wave
resonator is the same as that of either the
open- or short-circuited half-wave resona-
tors. The only reason for choosing the
longer resenators would be their higher
power-handling capability.

QfF interest is the O that can be acquired
when resonators are made from coaxial
cable. Fable | summarizes the resonator Q
one obtains from different types of coax
at 80 and 160 meters. Appendix 2 shows
how the Q) of coaxial-cable resonators may
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Fig 7—The asymmetrical crossed double
bazaoka displays even lower matching-
network impedances. The resonator may
be viewed as a half-wave resonator with
shorted ends.
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Fig 8—Another form of the asymmettical
crossed double bazooka uses a half-wave
resonafor with open ends to obtain more
optimum impedance levels,
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Table 1

Resonator Q for Various Types of
Coaxial Cable

Cable Type Resonator
80 Meters 160 Meters
RG-174 6.5 4.5
RG-58A 20.0 5.1
RG-141 2.5 16.1
RG-8 41,0 30.6
l2-in Hardline  75.5 53.9
-int Hardline 1091 771
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Fig 9—The asymmetrical crossed double
barooka usas a single quarter-wave
rasonator to achieve assentially the same
characteristics as the antenna of Fig 8.

be derived from a knowledge of the cable
loss.

Effect of Mismatching

An interssting and useful observation
was made during the course of the work
described in this paper. The SWR curve of
Fig 1 ts obtained when the dipole resistance
at resonance matches the feed-line charac-
teristic impedance. it is not always con-
venient to achieve this condition. The
feed-line impedance is often either too high
or oo low, it turns out that mismatching
in one direction is far more desirable than
in the other. Fig 10 shows how the BWIF
iy affected by mismatch at resonance, Too
high a {eed-line impedance actually im-
proves the BWIF up to the point where
center-frequency SWR is 1.5, in contrast,
a feed-line impedance which is too low, but
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Fig 10—The influence of mismatch on an
uncompensated dipole baving a radiation
resistance of 60 ohms at resonance. Both
bandwidth improvement factor (BWIF} and
SWR at band center are shown. For Case
1, the feed-line Z, is 50 {, while for Case 2
itis v6 Q.

also vielding an SWR of 1.5 at resonance,
causes the dipole bandwidth to drop to %3
of the matched bandwidth.

The conclusion to be reached is that
greater bandwidth is obtained when an un-
compensated dipole is fed with a feed-line
impedance that is higher, not lower, than
the resistance of the dipole at resonance.
For example, a dipole in the inverted-V
configuration with a radiation resistance of
60 ohms will have 20% more bandwidth if
it is fed with 75-ohm line than if it is fed
with 50-ohm line. This result is independent
of the dipole Q.

Chebyshev Maiching

1t is possible to widen the bandwidth fur-
ther by again resorting to network theory,
However, in contrast to the matching with
a complementary network (Fig 3), no resis-
tors are introduced. The matching-network
parameters are chosen to yield 2 Chebyshey
(often called equi-ripple} approximation.
See Appendix 2. The simplest way to make
use of this theory for broadbanding the
dipole is to deliberately mismatch the dipole
at the center of the band by adding a trans-
former to the matching network. This
transtformer must provide a voltage step-
up hetween the transmission line and the
antenna. The result is a W-shaped SWR
characteristic. Low SWR is sacrificed at the
band center t0 obtain wider bandwidth. In-
cidentally, the Snyder Antenna makes use
of this principle.” Similar techniques are
described in other publications.!®!!

A broadband dipole using a Chebyshev

IANT FREQUENGY (MHz) 158
N RESISTANCE (GHMS) 3

Fiea o
C2PEN
52
.
it
[LRITY
SHORTED
(R ]
sl
IMBEBANCE BATIQ 181
FEELSIE LEARAGE INDUCT faH) i
$6ED-GI0E MUULIAL INDLICT, 1aH) ukEn
FEED-LINE Zg;, OHMS 0
5 - 100
S— J - - LFE gj "
s ECs it g = O B,
e & [ o
[+ i ER T -
=21 s SWR m — [P B0 1
, a
o - el 2=
-, - I
3] Pl e il u
] e B o 0
1% 16 EY 89 EX] 40

FREQUENCY _ MHz

BALUN /£
TRANSFORMER

Fig 11—Chebyshev maiching provides
greater broadbanding by trading midband
matching for increased bandwidth. Except
for the transformer, this structure is the
same as that of Fig 9.

matching network with a step-up trans-
former is shown in Fig 11, The transformer
¢an also serve as a balun. Notice that the
resonator is the same quarter-wave type as
used in Fig 9. The SWR is better than 1.8:1
over the entire 80-meter band, and the
BWIF is 2.50—not bad for about 43 feet
of RG-58A coax and a slightly modified
balun.

Okay, what’s the hitch? Are we getting
something for nothing? Not really. Notice
that the efficiency in Fig 11 falls to only
45 and 52% at the 80-meter band edges.
Only half of the available power is
radiated. This tow efficiency is directly at-
tributable to the low ¢ of the coaxial
resonator.

{.C Matching Network

The efticiency can be improved by using
ower loss coax or by using a matching net-
work made up of a high-Q inductor-
capacitor parallel-tuned circuit. However,
the increase in efficiency ts achieved at the
pxpense of bandwidih, as will be seen.

Unfortunately, the very low impedance
level required cannot be easily realized with
practical inductor-capacitor values. Hence,
spme form of impedance transformation
must be used, as shown in Fig 12. The taps
on the cgil serve to reduge the impedance
level of the matching network, while stilt



permitiing the use of practical element
values.

The LC network used to provide these
impressive broadbanding results utilizes the
following: (1) a tuned circuit of very low
impedance ievel, (2) deliberate mismatch-
ing at band center to achieve the W-shaped
SWR characteristic, and (3) the balun
function; that is, balanced (the dipole)
to unbalanced (the coax cable) transforma-
tion. This network is very similar to one re-
cently proposed, but not tried, by Alan
Bloom, N1AL.’* The difference is that the
capacitor is connected across the entire coil
in order to obtain practical element values.

TO DIPGLE

CENTER
Tap

—

Fig 12—A practical LC matching network
which provides reactarice compensation,
impedance transformation and balun
action,
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Fig 13 shows the degree of broadband-
ing obtainable with a high-Q 1.C matching
network. The BWIF is 2.09. Notice that the
bandwidth is not as great as that provided
by the coaxial resonator in Fig 11, but the
efficiency is better than 9% over the fre-
quency range within the 2:1 SWR
bandwidth.

Bandwidth Yersus Efficiency Trade-Off

As is apparent in the preceding section,
there is clearly a trade-off between band-
width enhancement and efficiency. This is
true because the broadbanding results from
two causes: reactance compensation and
resistive loading, Pure reactance compen-
sation would be achieved with resonators
having infinite Q. The resistive loading
caused by nonideal resonators further en-
hances the bandwidth, but the price paid
is that some of the output power heats up
the resonator, leading to a loss in effi-
ciency.

The trade-off is clearly depicted in Fig
14, where efficiency versus bandwidth im-
provement factor is shown for the specific
case of Chebyshev matching and a maxi-
mum SWR of 2:1. (See Appendix 2.) Note
that the best one can do with 100% effi-
ciency is to double the bandwidth. Larger
improvements are accompanied by efficien-
cy loss, For exampie, a tripling of the band-
width would be obtained with an efficiency
of only 38% at the 2:1 SWR band edges.

The graph also shows (on the right hand
ordinate) the ratio of the network Q to an-
tenna Q. For the case of an 80-meter di-
pole with a Q of 12, one can see where on

the curve various kinds of commonly used
coax would land. For example, RG-8
would vield 68% efficiency and RG-58A
gives only 48% efficiency. However, an LC
matching network with a Q of 200 would
have 92% efficiency.

[t should be pointed out that Fig 14 ap-
plies for the simple Chebyshev matching
that gives a W-shaped SWR plot. It is pos-
sible to design a more complex Chebyshev
matching network and obtain greater reac-
tance compensation. For example, if an ad-
ditional inductor and capacitor were added,
the bandwidth improvement factor
(infinite-Q case) would increase from 2 to
2.8. This rather dramatic improvement
could be achieved only at the expense of
a2 more complex matching network which
would be more critical to adjust, and the
SWR versus frequency plot would have
more wiggles.

Experimental Yerification

A number of the new ideas presented
here were verified by using an inverted-V
half-wave dipole with its apex at 60 feet and
a 90° included angle. In each case the an-
tenna was made from no. 12 wire. The
SWR measurements were made with Bird
model 43 and Daiwa model CN-520 {cross
needle) SWR meters. Close agreement was
obtained with the two meters. All data were
corrected for the loss of the transmission
line between the SWR meter and the
antenna,

The Uncompensated Inverted-V Dipole
Fig 15 shows the measured data for an
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Fig 15—Pradicted versus measured SWH
{or the uncompensated inverted-V dipole.
The X5 are plots of the experimental data,
while the solid dots are the computer-
simulation results.
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Fig 16—The inverted-v dipole broadbanded
with a quarter-wave resonator, In the com-
puter simulation, solid dots, the length of
the coax was increased by 312 inches to
aceount for the physical connection. The
A5 ara plots of experimental data.

uncompensated inverted-V dipole with a
W2AU balua, fed with S0-ohm R¢-213
coak. The dipole was 123 fest long,
Analysis of these data vielded a dipole ()
of 13 and a radiation resistance of 60 ohms
at resonance. i this antenna were perfectly
matched at resonance, the 2:1 SWR band-
width would have been 204 kHz.

fnverted-V Dipole with Quarter-Wave
Resonator

Shown in Fig 16 is un inverted-V dipnle
with a guarter-wave resonator. This anten-
na showed a substantial improvement in
bandwidth, to 465 kHz. RG-8 stubs com-
prised the resonator; a homemade balun
transformer with a 1.39:1 impedance ratio
was used. A description of the technigue
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Fig 17—The inverted-V dipole with an LC
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Fig 18—The 80-meter DXer's Delight.

for designing and constructing this balun
transformer was published earlier.!?

The overall length of the antenna was
130.8 feet. This substantially increased
length was necessary to achieve resonance
because the coaxial stubs and wire act elec-
trically like an antenna made of tapered
material. Taper is known to lead to longer
resonance iengths,

No attemipt was made io fully optimize
the parameters. The computer program
was used 1o ealculate SWR and efficiency.
The close agreement shows how useful the
program is for simulation prior to antenna
consfruction,

Inverted-¥ Dipole with L.C Matching
Network

As predicted, the inverted-V dipole with
L.C matching network, shown in Fig 17,
was not as broadband as the coax resona-
tor version. Its 2:1 SWR bandwidth was

405 kHz. The measured © of the match-
ing network was 220, while the calculated
efficiency at the 2:1 SWR band edges was
91% . The antenna length was 122 fect.

Fig {8 shows the caleulated SWR and
efficiency ot a compensated dipole based
on a frequency-iranslated version of the
dipole described in Fig (7. it has
the SWR minima near 3.5 and 3.8 MHz.
This design will hold appeai tor §0-meter
DXers. A single antenna permits opera-
tion with a opear-perfect match on
interesting parts of the phone und CW
portions of the band, with no antenna
matching network,

Presented m Fig 19 are photographs of
the LC matching network and its weather-
proof package., Approximately 84 turns of
B&W coil stock. type 3029, are used for the
inductor (6 turns per in, 2'%4-in diam,
no, (2 wirel, The primary and secondary
portions ot the coil have 134 and 24 turns,
respectively, The cnil is tesonated at mid-
band with a 400-pt capacitor. 'the capaci-
tor iy of the transmitting mica variety, with
4 breakdown rating of 3000 volts and an
RF current rating of 4 amperes,

e must be careful with the selection
of a capacitor for this application, es-
pecially if high power is to be used. For the
capacitor deseribed above, the allowable
peak power (limited by the breakdown
voltage) is 2450 watts. However, the allow-
able average power i(limited by the RF
current rating) is only 88 watts! These limits
apply at the SWR = 1,75:] band edges:

Fnverted-V Dipofe with Transmaich

For purposes of comparison, the effi-
clency of an santenna svstem using no
matching at the antenna, but with a lossless
Transmatch at the transmitter end of the
feed line, has been calculated. See Fig 20,
Here, the effictency defimtion is different
because the source of loss is different.
Remember that in all the cases considered
earlier, the efficiency was of concern
vrimarily over the part of the band for
which the SWR was less than 2:1. Henge,
in those cases the SWR on the Feed line was
low enough so as not to aftect the results
significantly. Now it is necessary to rake
into account the losses caused by the high
SWR on the teed line away from antenna
resoange, '

The particular case considered here is an
BO-meter inverted-V dipole fed with 250
feet of RG-213 coax, which has about | dB
of losy in the matched (SWR — 1:1) case.
I1t this sitnation, the only jossy element in
the antenna system is the feed line. Hence
the efficiency of interest is defined as:

o =

Tuotzl nower delivered by transmitter
minus power lost because wi high SWR

Total power delivered by fransmutter

Efficiency (Yo) =

This #fficiency, plotted in Fig 20, which
may be compared with the other efficien-



Fig 19—The Al1H matching network fol-
inws the circuit diagram of Fig 12, Compo-
nents must be chosen for a high Q and
must have gdequate voliage and current
ralings. See text for componsant infor-
mation.

vies calculated carlier {even though.the
definition is different), drops to about 74%
at the band edges. The resuit is not bad,
specially when compared to the dipoles
that use cousial resonators fur broadband-
ing. Of course, in making the comparison
one must recognize the operational
inconvenience of having to adjust the
Transmatch, Furthermore, some baluns
will not handle the large mismatch at the
edges of the band and will be destroyed
when high power is applied.

Other Bands and Antennas

The computer program is designed to
analyze antennas at arbitrary frequencies.
For example, a 160-meter haif-wave dipole
with an LC matching network for broad-
banding is shown in Fig 21. Because of the

smaller percentage dbandwidth of the
160-meter band {compared to the 80-meter
band), it is possible to obtain excellent
SWR and efficiency performance over the
entire band with an LC matching network,

Other resonant antenna systems, such as
monopoles and tull-wave loops, may be
broadbanded by using the same procedures
described in this article. For the analysis to
apply, it is necessary only that the model
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Fig 20—The uncompensated inverted-V di-
pole fed with 250 # of RG-213 coax, used
with a Transmatch for operation over the
entire 80-meter band.
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of the antenna near resonance be valid, See
Appendix 1.

Conclusion

A npumber of dipoie broadbanding
schemes have begn compared. A major
point which has been brought out is the im-
portance of evaluating broadbanding tech-
niques not only by comparing SWR results,
but also by comparing efficiencies. The
superiority of LC matching (compared to
transmission-line resonator matching), es-
pecially when efficiency is a consideration,
has been covered. Design equations which
enable one to calculate the vptimum broad-
band matching parameters are presented in
Appendix 2.

I hope that this article is viewed as

another exampie of how well the Amateur
Radio and home computing hobbies com-
plement one another, [ am indebted to my
wife, Barbara, N1DIS, to John Kenny,
WIRR, and to Joe Reisert, W1JR, for their
interest and encouragement during the
course of this project.

APPENDIX 1

A by-praduct of the investigation of dipole
broadbanding methods is a flexible, user friendly
program which runs on the Commodore 64 com-
puter.'* The flexibility is partially illustrated by
the many examples presented in the article.

The pragram was written using SIMONS
BASIC, which adds 114 commands to the set of
BASIC commands built into the C-64." Fhis en-
hanced BASIC provides a number of commands
which simplity the programming process. Of par-
ticular value in this application were:

1} Procedures. This feature allows one to call
and execute procedures by name (instead of
gubroutines by line number}).

2) Menu processing commands. Coding of
menus is simplified by the oN KEY and PLACE
commands.

3) Graphics. SIMONS BASIC has a rich set
of high resolution graphics commands which
enable one to mix graphics and alphanumeric
data on the screen.

4) Screen dumps, Both low and high resolu-
tion screen dumps are obtainable with single
commands,

Many other commands are available with
SIMONS BASIC; for example, sprite and sound
generation and powertul string-handling com-
mands are provided, but were not used,

The user sees two kinds of presentations when
psing the program; menus and output data.
Three menus are presented. The main menu,
Table 2, shows the major tasks to be performed.
Another displays the input parameters for the
caleulation. 1t is through interaction with this
menn that the user can modify the antenna,
matching network, balun and feed-line
parameters. All of the data associated with the
SWR/efficiency versus frequency graphs are
replicas of this menu. The trequency menu, also
Table 2, allows the user to change the frequen-
¢y range and the number of points in the band
where the analysis is performed.

Qutput data s provided in two forms: tabular
and graphical. An example of the tabular out-
put is given in Table 3, which shows the dafa as-
soctated with Fig 15, The graphs shown in this
article were redrawn, but are similar to those
available on a video monitor or on a dot matrix
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Table 2

Menus Presented in the BASIC
Program, BROADBAND

Maln Moy

BROADBAND DIPCOLE
SWR & EFFICIENCY SALCULATION

EXAMINE OR CHANGE PARAMETERS
CALCULATE SWH & EFFICIENCY
PLOT SWR & EFFICIENCY
SELECT FREQUENCY RANGE
BAND a0 METERS
LOWEST FREQUENCY X
HIGHEST FREQUENCY 4
STEP SIZE 05
s QUIT

o UT ARG wa

Eraquency Menu
FRECUENCY RANGE

BAND 80 METERS
LOWEST FREQUENGCY a5
HIGHEST FREQUENCY 4

STEP SIZE (MHz) 05

NOQ CHANGE

L A

Table 3

Tabulated Output of Author’s
Computer Program, BROADBAND

Frequency swr Efficiency
(MHz) {%)
3.500 5.88 100.
3.525 4.98 100.
3.550 419 100.
3.575 3.50 100.
3.800 201 100.
3.626 2.42 100.
3.650 2.00 100.
3.675 1.68 100,
3.700 i.39 100.
3.725 1.22 100.
3.750 1.24 100.
3.775 1,42 100,
3.800 1.68 100,
3.825 1.98 100.
3.850 2.33 100,
3.875 2,73 100.
3.800 3.18 100,
3.825 3.66 100.
3.950 4.20 100.
3.8975 4.77 100.
4.000 5.39 100.

printer. The original graphs were produced on
a Panasonic KX-P1090 printer with a Cardco
+ G serial to paralle] interface unit.

The sections that follow cover the basic as-
sumptions and equations that were used in the
analysis, Anyone desicing o extend the appli-
cation of the program, to modify it, or simply
to better understand the subject of antenna
matching should find this material interesting,

The Dipole Antennza

In order to broaden the SWR bandwidth of
4 resonant antenna by means of a matching net-
work, it is necessary to have a valid electrical
equivalent circuit for that anienpa. The half-
wave dipole has been analyzed extensively by

many researchers over a long perind of time. An
outstanding sumimary of the current state of
understanding is given by Elliott.?” Unfor-
tnnately, the available theoretical results fall
short of our needs. The analyses usually deal with
4 straight antenna of specific physical dimensions
in free space or over a perfectly conducting
ground. Some analyses do treat the inverted-V
dipole and some take into account a nonideal
ground plane, but the real-world antennas we use
have steel towers, trees, other antennas and an
uncharacterized earth surface nearby,

Fortunately, the real-world dipole can be
adequately modeled in the vicinity of resonance
by choosing only three parameters: resonant fre-
quency, radiation resistance at resonance, and
Q. The equivalent circuit used in the program
is shown in Fig 22. It consists of a frequency-
dependent resistor in series with an open-
circuited quarter-wave transmission line. This
meadel is similar to the familiar RLC series-circuit
maodel, but it is accurate over a wider frequency
band. The assumed frequency dependence of the
resistor in the model is also shown in Fig 22, It
is assumed to vary linearly with frequency; the
slope is consistent with data presented by Eiliott
for thin-wire antennas.'s

The three maodel parameters (resonant fre-
quency, radiation resistance and Q) are best de-
termined by simply measuwring the SWR of the
dipole with no compensating network and using

CHARACTERISTIC

IMPEDANCE
QUARTER
WAVELENGTH L HRa-Ga
&T £ T
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Fa F‘REQUENEY

Fig 22—Dipole equivalent circuit. This
transmission-line model Is more accurate
than the often-used BLC equivaient circuit.
See Appendix 2 for definitions ot terms.



this information to calculate the parameters. This
procedure was used to find the dipole parameters
of Fig 15, For long feed runs, it is important that
the SWR measured in the shack be corrected,

Coaxial Resonator Matching

The transmission-line equations used in this
analysis were derived from those in the Radio
Engineers’ Handhook.™ 1t turns out that
resonators realized from coaxial transmission
lines have a very low Q. Hence, it is beiter to
use the more complete formulation which in-
vilves complex hyperbolic tangent and cotangent
functions to adequately mode! them. A simpler
equivalent parallel RLC tuned-circuit model of
the transmission line resonators could have been
used, but some accuracy is lost away from
resonance.

The program contains the parameters for a
wide variety of voaxial cables, including RG-§,
RG-58A, '»-in and %4-in Hardline and RG-141
(Teflon® dielectric),

LC Matching
Since the impedance level required to obtain

any significant broadbanding of the dipole is very

low, a simple parallel LC model will not lead to
practical component values. Thus, taps on the
inductor are used, as shown in Fig 12, to obtain
transformer action. The program is designed so
that the impedance transformation ratio, the
inductance, the capacitance, the impedance level
of the matching network and its resonant fre-
quency and } may be prescribed, The effect on
other parameters when one element value is
changed is automatically determinead.

Balun Transformer

An important ingredient in obtaining
maximum broadbanding is deliberate mis-
matching at band ceater. Thus, a transformer
is required. Since the feed line is usually (but not
necessarily) coaxial cable, a balanced-to-
unbalanced transformation is also required and
can be performed by the same physical trans-
farmer. 1t turns out that in this application the
nonidealness of real transformers must be taken
into daecount in order to obtain a close match
between calculated and measured results.

Fig 23 shows the equivalent circuit used in the
program. Much insight may be gained by assum-
ing that the leakage inductance is zero and that
the mutual inductance is high enough to have no
effect. However, the calculations for real
antennas described in the article make use of
measurements made on the balun transformers
which were used.

1t is usually the leakage inductance which has
the strongest unintentional influence on broad-
handing. Fortunately, the effect of nonzero
leakage inductance can be compensated by
detuning other antenna parameters. The
program permits one to perform such compen-
sation.

In the case of the L matching network of Fig
12, the functions of matching, impedance trans-
formation and balanced-to-unbalanced conver-
sion are combined in one network. However,
these functions are separated in the model on the
computer. No loss of aceuracy results, but it is
important ta set the balun mutual inductance to
a high value (9999 microhenrys will do), since
that element is alreadvy modeled by the L
matching network, The leakage inductance of the
LC matching network is small enough thai it was
assumed to be zero for the simulation.

SWR and Efficiency Calenlations
SWR is calculated by the computer program

LEAKAGE
INDUGTANGE IDEAL
TRANSFORMER
b Ta 10
‘! |RANLS!:‘AESS|ON !/.," RIPCLE
/ [
4
o
/7 I'N
MUTUAL N= TURNS RATIO
INDUCTANCE .

Fig 23—~Transformer aquivalent circuit.
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Fig 24—Chebyshev SWR characteristic.
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Fig 25—Simplified dipole equivalent circuit.

at the point in the antenna system where the feed
line connects to the balun transformer.* The
only dissipative elements in the model of the an-
tenna system are the radiation resistance in the
dipole model and the ohmic losses in the match-
ing network. In the program, these elements are
converted to shunt conductances at the antenna
terminals and the efficiency is calculated as
follows:

s 100 x GD
EfFi ) = e
iciency (%) GD T 6N
where
GD = Dipole conductance and
GN = Network conductance

APPENDIX 2

The computer program described in Appendix
| analyzes the broadband dipole. 1t may be used
in a *“‘cut and try” procedure to determine the
matching network parameters. However, this is
a tedious process which may not vield optimum
results.

Fortunately, the optimum matching-network
parameters (coaxial stub [engths or LC resona-

_ tor element values and transformer ratios)

may be calculated. Fig 24 shows the desired
Chebyshev SWR characteristic.

For the purpose of computing the matching
network parameters, it is sufficient ta use the
simaple RLC dipole model shown in Fig 25, The
differences between this model and the one given
in Fig 22 are that a series LC vircuit is used to
represent the reactive part of the antenna im-
pedance and that the radiation resistance is
assumed 1o be independent of frequency. These
simplifications make the mathematics tractable .
and provide adequate accuracy. The equations
given in this appendix are the results of the
analysis.

Definition of Terms

{nput Dat ‘

FO = dipole resonant frequency -
{MHz) :

QA = dipole Q

RA = dipole radiation resistance
{ohms)

SM o maximum SWR over band
(achieved at band center and
band edges)

ZT = transmission line characteristic

impedance {ochms)

For Coaxial Stub Resonators

£5 = stub characteristic impedance
{ohms) ‘

VF = welocity factor

K, M = attenuation constants

For 1.C: Matching Network
ON = LC resonator Q

tnknown Parameters

BWD = SWR bandwidth of
uncompensated dipole {MHz)

BW = SWR bandwidth of
compensated dipole (MH.

BWIF = bandwidth improvement factor

EFC = efficiency at band center (%)

EFE efficiency at band edges (%)

ZN = matching network impedance
level (ohms)

NZ = transformer impedance ratio

FL, = lower perfect match frequency
{MHz)

FH = upper perfect match frequency
{(MHz)

For Coaxial Stub Resonators

A = attenuation/ 100 feet (dB)
QN = resonator @

Li = length of first stub {feet)
L2 = length of second stub (feet)

For L.C Matching Network
LN = inductance (microhenrys)
CN = capacitance (picofarads)

Dipole Bandwidth
For reference, it is always usetul to know the
2:1 SWR bandwidth before compensation:

BWD = .10
QA~/2
Bandwidth after compensation:
_ __¥o «
ON-QA
iy
{ON+GANON + QAFSM - QAKSM -1 |
5M
BW
BWIF = —m.
BWD
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Eificlency:

ERC = (o - *m-"""}'f}
SMfON + OA)

" 100 Sh=QN2

BRE = 00 S

TUON+ DANSMAON + QA) - A

Autching tetwork Impedance i evel:

11 the matching-nretwark impedance level and
the dipole resonani frequency are known, the
tatching-network  parameters are  readily
Jetermined.

A
14,

RA{GSM - 1)
CHN

TN

Transformer fmpedanve Ratio:

QA
ON+UA

EA Tom

N2 !

Perfect Match kFrequencies:

FL ow (FOZ+ EMZYs — FM
where
- _ b
'y : :
B e (SM_1I 1 + “ﬁ)
BT ! ON]|
EH o O
kL

Cuaxial Stuby Lengths

In order to determine the [engths of the coaxial
stihs, ! it s first necessary to compute the loss
aud the O) of the coaxial resonator:

A boo T M
QIR O

on . BISFO
AeVE

Halt-Wave Responator with
(Fiy 4B

Shorted Ends

92 3 7
Lt o= 4 VF Hirlz IN]

& FO | T E8 )
, 497 VF
4 WH ——n
L2 Py L1

Half-Wave Resanator with Open Bads (Fig 4F):
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Cmarter-Wave Resanator with Cine Shoited Boud
and One Upen bod (Mg 40y
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Faor the open end
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€2 Matching Network Parameters:
The inductance and wupacitance of
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Table 4
Broadband Dipole Design Snreadsheet

The data shown here are for the 80-meter dipole of Fig 13. Changing anv of the input data
values resuits in recalculation of all data values in the entfire shest.

BROADBAND DIPOLE DESIGN

AlH

Dipole Center Frequency =

3750 kHz

Dipole O = 12
INPUT Dipole Radiation Besisiance = ¥2 ohms  INPUT
[ATA  Maximum SWH over Band = 1.7:1 DIATA

Trans Line Char Impedance = 50 nhims

.G Matching Network (3 = #no

Dipole Bandwidth (for SWH = 2:1) 220.97 kHz
Matching Band- Efficiency Matehing  Transt Frens Where
Network  width (percent) Network  Imp SWR = i1
Tvpe (kHz) Band Band imp Lev  Ratio tkkHz)

Center Edge fohms)
SWR = 1.7
RG-174U0  731.73  61.89 20.03 1782 i.52 3h3s 3977
RG-58A1) 495.58 77496 50.16 1272 191 Ahgy 3919
RG-141L1 482,28 7a.5h h3.49 12.44 1.85 3bkgzZ 3491b
RG-81) 432,82 86.69 65.08 11.43 212 wWh4 w02
STin b 40451 3193 8 .99 10.87 2aM 3612 83
FHin kbl 39395 9417 86.19 (.66 231 A615 3880
LG 383.03  96.67 207 10.45 237 3818 3887
Matching  Stub Stub Length (feeh
Network Char - Hali Wave Cuarter Wave -~
Type Imp —Shorted Endg-— ~—Cpen Ends— —~Shorted-— i Ipen-———
End End

RG-1740 80 #3.35 83110 1987 abA59 15.40 47
HG-5BAL) 82 18.40 68.06 2483 51.63 i2.49 A0.75
RG-1411 460 19.60 158 28499 85,18 i3 5230
RG-gu 52 {7.28 69.18 25495 60.%1 11.78 31.44
50 in hl 75 20.77 10,43 44.83 48.37 1337 451.23
5 in hi 75 2055 i10.65 4505 8615 1423 5137

l.G—inductance = 44358562 microhenrvs
Capacitance = 4060.5835 picotarads

parallel-tuned L.C matching network are given
biv:

IN = i
2'?1' l“U
ON - e

2 FOAN

Bandwidth Versus Efficiency Trade-O1t:

The equations used for fiig i4 are hasad an
simpiifications of the BWIE and EFE eguaiions
siven earlier, for fhe case 5M = 2

200
(%+ ;HQJL ’
oNT T loN

RWIF - '[% ' }](@ i

lloN QN

Pesign Spreadsheets

'he uhove analysis can be convemently put to
work with the aid of a spreadsheet program.
Table 4 shows a sapecific result which eontains,
ainee ather things, the dimensions of the
wadaddl Tesunaior stubs and transtormer im-
nedance ratio used in Fig 11, By simply changing
the magimum SWR, 2 new spreadsheet can he
created which vields the 1L.C watehine network
impedance fevel znd transtormer impedance ratio
used i Fig 13, Or the frequency and maxamum
SWR can be changed 1o obtain the parameters
for the infl-meter antenna of Fre 21, The specific
spteadsheet program wsed on the { ommadore
ad s PRACTICALC ILY



Notice that the SWR plots of Figs §1, 13 and
21 da nat exactly mateh the ideal Chebwshey
characteristic. The sinall differences arise because
the BROADBAND analysis program uses moare
accurate models of the iransmission line
resonators and the dipale than those used in the
caleulations of this appendix. However, the
bdifferences are small enough o have no sig-
nificance in practice.
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K2TOP, WiDITV and, presemtiy, AHH, His ham
radio inferesis have involved a variety af howmepsoce
projects, including wn BEF ciipper, o 6307
wHcroprocessor-hased controller jor modernizing his
FHeuth 2036 2. meter trunsceiver and a variety of
antentind projects. His toprloaded defta-toop designt
freferenced in niole 131 has received Rivh marks as
a vertically polariced 1Y antenna for 80 and 160
Hefers,

Frank’s wife, Barbura, and three of their sons,
Mike, Chris and Jerry, are liconsed amateurs, with
calls NLDIS, NeBMI, NIBOT and NIRER, respec-
tivelr. A fourch son, Tom, plans to set his ficense
snon. Frank con be found on 75 merers faround
IA20 MHz) most Thursday nighrs, 930 Eastern
Time, talking 1o WIOWN and VPIHKA.
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8877 Linear Amplifier

{continued from page 26)

the new numeric scale on the meter. Be care-
ful not to bend the pointer when
reassembling the meter.

Mounring the Froni Poane!

Remove the masking tape from the panel,
and caretully fabel the front panel with dry-
transfer lettering before mounting any com-
ponents. Mount the meters, potentiometer
and switches i place, and complete the wir-
ing. Wire nylon connectors to the power
switches, ALC control, imultimeter switch
and meters to mate with the cunnectors in
the RF deck. This will result in a totally
removable panel.

When mounting the front panel to the
cabinet, give careful attention to aligning the

vacuum-capacitor and band-switch shafts.

Loosen the component mounting screws and
mate the shafts, then retighten the screws.
Continue the alignment process until the
comtrols operate smoothly,

Rear-Panel Assembly

Up to now, nothing has been done to the
rear panel. Alount the panel and decide
where the components should mount to ob-
tain short connections. Lay the rear panel
out in the sarme way as the front panel, and
cut the necessary holes,

Mount the blower off the rear punel, lo-
tated to allow good cireulation of air up to
the front of the under-chassis area and back
ta the tube socket. Positioning of the blower
ix not critical as long as air is not direcily
blown across the tube socket. which could
cause backpressure,

Mount all components to the rear panel,
and mount and wire the panel (o the RF
deck. The rear panel is not easily remova-
ble like the front panel,

Testing the Amplifier and Power Supply

Testing is the big moment and the climax
of several months’ work. First hook up the
power-supply control cable and the ground
cable, Leave the high-voltage cable off. Test
the control circuits to ensure that the pow-
er supply can be turined on from the RF
deck and the 3-minute time delay works.
Wake sure that the tube filaments are on,
This isn’t as easy as with a glass tube, which
allows you to see the filaments glow. Let the
tube run for about [0 minutes, then turn the
power oif. Immediately remove the tube
and feel it the base is hot.

Test the amplifier first on 20 or 40 meters,
since these bands use the midrange of the
TUNE and LOAD capacitors. With high volt-
age applied to the lube, tirst key the ampli-
fier with no input drive power. The resting
idle current shouid be between 100 and 200
mA on the plate-current meter,

Now apply a little drive power to the tube,
The plate current shouid rise. Move the
[UNE and LOAD controls uatil power out-

put is inclicated on a wattmeter. lncrease the
drive while adjusting the +UNE and LoAD
controls to achieve about 20 mA grid cur-
rent and 630 to 700 mA of plate current,
to realize 1300 W output. If the amplifier
works properly on this band, proceed to the
other bands and repeat the tests.

Etficiency should be at least 0% on all
bunds, except perhaps 10 and [2 meters,
where efficiency may drop to 55%, if ¢ffi-
ciency is poor, try moving the coil taps, but
recognize that moving the tapy also changes
the () of the ¢oil. Decreasing the inductance
and increasing the capacitance in the tank
circuit will increase the ). The amplifier
may provide more power output over a
larger frequency range with a lower tank-
circnit €, but harmonic suppression will also
decrease and the amplifier could start gener-
ating dnterference or not meet FCC
standards,

| must warn vou one last time. Tis device
could kill vou in one instant if you get tied
into the high-voltage circuit. Put a good
ground on both power supply and RF deck,
and trear the equipment with proper respeci!

Conclusion

I have spent many enjoyable hours oper-
ating with this amplifier/power supply com-
bination, with nothing but good signal
reports, It was an exbausting task, but
now that it’s finished, 'm glad | did it.
Try building one and vou'll see what |
mean. IG5

Strays

CALL FOR ARTICLES

Space—the final frontier, How many times
have your heard this phrase? With the
launch of JAS-1, vou'll be hearing even
mare abourt satellites. What does OSCAR
communication mean 1o you? Or rain scat-
ter on 10 GHz, or earth-moon-earth com-
munications?

Modes A, B and L are accessible to
amateurs through the OSCAR and Russi-
an satellites. Future plans include a Phase
HIC, UoSAT 3, and a French **hird.” ‘Will
you be ready to greel these newcomers?
How will vou do i?

Share your space communication tech-
niques with others through the pages of
QST Submit a detailed summary of vour
station  setup, operating practices and
secrets that make those bard-to-get contacts
vasy, Send vour information to Paul K.
Pagel, NIFR, Senior Assistant Technical
Editor, ARRL, 225 Main St, Newington,
CT (06111, An OSCAR enthusiast once
said, “'It’s lonely up therel®
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