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¥ 515775/ ore

for those who demand the finest

the completely new

MODEL CX-11 ... Deluxe Integrated Station

Mowwy New Fegtined

New solid state broadband linear pow-
er amplifier 10-160 meters. 360 watts
input — requires no tuning — completely
self-protected.

New concept front-end design — utiliz-
ing TWO revolutionary double active quad
J-FET balanced mixers — for the ultimate
in cross-mod, inter-mod, and overload
prevention.

Solid-state modular construction utiliz-
ing gold-plated, pins and plug-in sockets
for all transistors, IC's, and circuit board
connectors.

Five Bandwidths of selectivity are stan-
dard — 2.4, 1.5, 1.0, .4, .1 kHz.

Peak notch filter with adjustable notch
and peak frequency.

RTTY narrow and wide shift FSK-LSB.

Built-in electronic Keyer with indepen-
dent speed and weight control and par-
tial or full dot memory.

Built-in Power Supply completely self-
protecting — both thermal and current
overload, integrated circuit controlled.

New six-digit frequency counter utilizing
new 14 inch LEDs optimized for a non-
blinking, stable display.

More Details? CHECK—OFF Page 126

ADDITIONAL FEATURES

Dual VFO's for transceive, split operation, or
dual receive.

Adjustable IF shift.

Receive or transmit offset tuning.
Push Button spotting.

Adjustable R.F. clipping.
Instantaneous break-in CW.
Built-in Wattmeter.

Built-in noise blanker,

Adjustable R.F. power output.
Pre-1F, adjustable noise blanker.

Now in production at $2900

Distributed by

PAYNE RADIO

BOX 525, SPRINGFIELD, TENNESSEE 37172

Phone/write DON PAYNE, K41D, for a brochure,
and trade on your gear. Dial direct day or
evenings (615) 384-2224. Personal phone an-
swered only by Don Payne.

Contact the factory for parts and service only

' 5/;/75//0/75

Box 127 Franklin Lakes, NJ 07417
Tel: (201) 891-0459
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The perfect
power meter

The R&S Model NAUS80-A outperforms the BIRD at a lower price. ..

... from 25-525 MHz; 1000 MHz (useable) 20 mW-320W.
Check the comparison below and see for yourself.

R&S —NAUS80-A BIRD

= High Resolution — linear scale = Compressed log. .. See for yourself
® High Accuracy — 4% of reading ®= 5% Full Scale (% of reading not
+1% full scale specified!!!)
® Simultaneous incident and reflected = One meter readings make it almost
power reading (VSWR) (with two impossible to optimize performance
separate meters) provides optimized and its extremely time consuming
performance and time savings
®* 5 YEAR WARRANTY ON PARTS = 1 year and it excludes semiconduc-
& LABOR tors, tubes, fuses, etc. Ask them for
a copy of their warranty . .. you'll
be amazed.
®= 1 kW overload protection = No overload protection — expensive
elements can easily burn out.
® 1 head for ALL frequencies and = Over 30 plug-in elements to achieve
power ranges, no plug-in elements the same power/frequency ranges
required — also one low price. — this more than doubles the R&S
price.

ROHDE & SCHWARZ

14 Gloria Lane, Fairfield, N.J. 07006 = (201) 575-0750 = Telex 133310

:’//
Q>

1 Send me your data sheet.
[] Have your sales engineer contact me.
7 | would like to see a demonstration.

Name

Co.

Div. MI. Stop

City State Call or write for more facts

Zip Phone and a free demonstration.
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Power measurement of amateur trans-
mitters is a serious topic of discussion at
the FCC these days. Althaugh the ama-
teur restructuring proposal, Docket
20282, has proposed that the maximum
transmitter output power shall not ex-
ceed 2000 watts peak envelope power, a
footnote points out that this is only one
proposal under consideration by the
FCC. The Commission is also looking at
alternatives such as PEP input, average
power input, ratios of peak to average
power output, limitations on the dissi-
pation ratings of final power amplifier
devices or even a combination of these.
Prose Walker, W4BW, Chief of the Ama-
teur and Citizens’ Division, is soliciting
suggestions for solutions to this prob-
lem, and doesn’t want to wait for the
Docket comments to hear your ideas. A
note to him at 2025 M Street, NW,
Washington, DC 20554, with your rec-
ommendation, would be appreciated.

Although some amateurs may feel
that it makes little difference whether
the regulations specify input or output
power, at frequencies above 50 MHz or
so, where operating efficiencies are
much lower, it is extremely important.
On the high-frequency amateur bands
typical transmitter efficiency is on the
order of 70 per cent, but at vhf and uhf
efficiency can drop to 50 per cent or
even less. That 20 per cent difference
can make a considerable difference to
the vhfer who is trying to extend his
communications range. And, with the rf
wattmeters which are currently
available, there seems to be little reason
why the amateur power limitations
shouldn’t be expressed in terms of out-
put power.

Until relatively recently, the accurate
measurement of high-frequency rf pow-
er required very expensive instruments
to which few amateurs had access:
matched dummy loads, calorimeters and
other thermal devices which could be

a second look il

. |Im

calibrated with known dc voltages and
currents. Furthermore, the difficulty of
rf power measurements increased with
both frequency and power level. Accu-
rate measurement of 500 watts output,
for example, was many times more diffi-
cult than the measurement of 50 watts
output, even on the hf bands. These
measurements were further complicated
at vhf and uhf, and accurate measure-
ment of the output of high-power vhf
transmitters was virtually impossible.

The introduction of toroidal-type
directional wattmeters about fifteen
years ago solved the problem of high-
frequency average power measurement
(subsequent design improvements have
moved the frequency range up to 250
MHz or so), but the difficulty of meas-
uring peak envelope power still remains.
At least one coupler (the Collins 302C)
added a capacitor to the circuit to make
it more of a peak-reading device, but it
still reads only about 65 per cent of the
actual peaks. Most other types of watt-
meters, including absorption types and
the popular Bird model 43, theoretically
read 40.5 per cent of the actual peak
power of a two-frequency signal. The
Bird model 4311 reads peak power di-
rectly, but it's priced out of the range of
most amateurs, However, it should be
fairly simple to design a peak-reading
amplifier for use with average-reading rf
wattmeters that would provide direct
measurements of peak envelope power.

Another possibility is the use of a
single-tone. Single-tone modulation of a
ssb transmitter results in peak envelope
power output which equals average
power and is indicated correctly on
average-reading power rf power meters.
However, this technique is not nearly as
tidy as a peak-reading rf wattmeter
which is always in the line.

Jim Fisk, WIDTY
editor-in-chief



E’'VE
GIVENIT A
NEW LOOK'

AICOM 1c-22a

VHF FM TRANSCEIVER

= The front panel and control locations have been changed to make
the 1C-22A even better looking and easier to operate. The new

design allows the use of larger channel numbers which may be

viewed trom the left side or right side by reversing the window position and installing a new
chial  (optional at nominal cost)

Insicle s the same high quality radio construction and engineering that has made the 1C-22 the
most reliable, most popular two meter crystal controlled set on the market

When vou join 22 channels of capacity (tive supphed) with the unexcelled pertormance of
helical RE tiltering in the recever tront end then add solid state T-R switching you get one
great radho tor yvour money. All the great teatures that made the 1C-22 so desired are still
there  Including, 1 watt/10 watt switch option, trimmer capacitors on both receiver and
transmiutter crystals plus a 9 pin accessory jack with the discriminator already wired for
Irequency calibration

SEE ONE ' BUY ONE ' AT YOUR ICOM DEALER TODAY

ICOM| = .
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BICENTENNTAL CALLSIGN SCHEME has been released, and as expected, all FCC-1li-
censed amateurs can have some fun with it in 1976 if they're so inclined. State-
side alternate prefixes are straight forward, with WA becoming AA, W changing to
AC, and repeaters getting an optional AF.

Outside The Contiguous U.S. is where the fun really begins, however, with
Samoa becoming AH3 and an Alaskan Novice an ALl. The partial scheme appears
below. Don't rush to cut it out because we'll include a larger scale chart later
this year.

Use Of The Alternate Prefixes is entirely optional and no paperwork will be
required. Just remember they don't go into effect until 0500Z January 1, 1976,
and are good until January 1, 1977,

WALl-WA@  AAl-AAQ KB6  AG2 KP4  AJ4
WB1-WBf  AR1-AB@ KC4  AL4 KP6  AIQ
W1-W@ ACl-ACH KG6  AG6 KS4  AH4
K1-K¢ AD1-AD@ KH6  AH6 KS6  AH3
WD1-WDP  AE1-AEQ KJ6  AJ7 Kv4  AJ3
WR1-WR§  AFLl-AFQ KL?  AL7 KWé  AG7
WN1-WN@ AG1l-AGP KMé AH7

CLASS-E CB DECISION DEFERRED again, will be reconsidered 'later this year' as
a result of March FCC meeting. Commissioners decided that Class-E CB issue
could not be properly decided without taking both amateur and Class-D CB ''re-
structuring” dockets as well as the new automatic transmitter ID docket under
consideration at the same time, and Reply Comments on the latest of these aren't

due until July 16. Canada's objections to 220-MHz CB were also a factor.

COMMENTS ON DOCKET 20282 are arriving in a steady stream at the FCC, and sev-
eral hundred have been received so far. Though no tabulation is being kept, most
from Extras complain about loss of the exclusive phone bands and those from
Generals and Techs bemoan their many losses. Very few flatly reject the proposal.

AMSAT EXPERIMENTER'S CONFERENCE in late March covered lots of ground, and
tentative plans are for a '""Phase 3" spacecraft on an elliptical orbit for launch
in 1978, Like its predecessors, the new satellite would be a truly international
project: design work is to be German, construction Canadian and ground support
Australian.

Tech Class Licensees can use OSCAR 7, despite report to the contrary in east
coast club paper — specific permission was a part of the FCC license issued to
the satellite.

AMSAT Dues Will Double July 1 from $5 to $10 a year, so it would be wise to
renew now for an extended period and save,

OSCAR 6 Telemetry supports the expectation that AMSAT's long lived '"bird" will
continue to be operational at least through next fall., Battery temperature, con-—
sidered to be the most critical parameter, is dropping after the expected Febru-
ary peak.

6-METER BAND THREATENED by proposal to add another VHF TV channel, In its com-
ments filed in response to Docket 20264, which pertains to radio call-box systems
and their use in the 72-76 MHz band, a prominent Dallas consulting engineering
firm has proposed that the public interest would be best served by moving chan-
nels 2, 3 and 4 down 2 MHz and putting a new TV channel, dedicated to non-com-
mercial educational use, in the resulting 70-76 MHz band. Present users of the
72-76 MHz slot would move elsewhere, but the other 2 MHz would come right out of
the amateur 50-54 MHz assignment!

Whether This Proposal will receive serious consideration by the Commissioners
remains to be seen, but this threat — very similar to those of EMS on the high
end of 420-450, HIRAN and 220-MHz Class-E CB, shows how others look at the pre-
sent amateur assignments.

6 may 1975
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The radio

from the
radio company.

Since its introduction, the Yaesu FT-101B Transceiver has rev-
olutionized amateur radio. Never before has so much quality,
versatility and value been assembled in one compact package.

Here's the radio with just about everything amateurs have
wanted: Power. Sensitivity. Reliability. Portability.

With 260 watts SSB PEP, plenty of punch on CW and AM,
0.3 uV receiving sensitivity, and 160 to 10 meters range. It's a
great base station — that's ready to go portable when you are.

Because it's Yaesu — world leader in amateur radio — you
know the FT-101B is backed by a solid warranty, a strong dealer
network and convenient serviceability. The FT-101B Transceiver.
The radio. From the radio company. See your dealer or write
for our catalog. Yaesu Musen USA, Inc., 7625 E. Rosecrans, No. 29,

Paramount, Calif. 90723.
YAESU

The radio.
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large

vertical antenna

for 160 and
80 meters

A design approach
for dealing with
problems of erecting
an efficient radiator
to compete on the

two lower bands

8 may 1975

Harry R. Hyder, W71V, Scottsdale, Arizona 85253 NN

The decrease in sunspot activity has
caused a renewed interest in low-
frequency DX operation. On the 80-
and 160-meter bands beams are imprac-
tical, and even dipoles must be un-
reasonably high to get the low-angle
radiation necessary for DX. That leaves
vertical antennas. Although omni-
directional, they are very good low-angle
radiators. In theory, a short vertical
radiates as well as a tall one; but in
practice, the low radiation resistance of
a short vertical, compared with ground
and other resistances, makes its overall
efficiency low.

My friend Liscum Diven, W7IR,
decided to erect a good-sized vertical
hoping to increase his DX contest scores
on 80 and 160. He is blessed with
enough real estate to make this prac-
tical, considering the area required for
guying and a good ground system. While
all amateurs are not so fortunate, the
design procedures described in this arti-
cle are applicable to more modest an-
tennas — or larger ones.



height considerations

The first thing to be decided, of
course, was the height. This factor is
always a compromise between desired
performance and cost. There is no good
reason why a vertical, or any other
antenna, has to be self resonant. An
antenna will radiate all the power it can
absorb. When an antenna is an odd
multiple of a quarter-wavelength long
the feed-point impedance is convenient-
ly low for coax transmission lines, and
the reactance is zero; but these are the
only advantages to resonant antennas:
they are easier to feed.

As for the vertical, the practical effi-
ciency increases until a height of about
0.6 wavelength is reached. At greater
heights the vertical radiation angle rises
rapidly, making the antenna less desir-
able for DX.

Since W7IR’s antenna was to be used
on both 80 and 160, the height could
not exceed 0.6x80 meters, or 157 feet
(48m). This was a little too high for
W7IR’s tastes. Top-loading to reduce
the physical height while maintaining
the electrical height was considered
but rejected because of mechanical dif-
ficulties.

Even if you're not particularly interested
in erecting a vertical antenna, the follow-
ing piece is well worth reading for a firm
grasp on some of the physical aspects of
all antennas. The part on characteristic
impedance, which is treated in terms of an
antenna as a transmission line, should help
to dispel some of the misconceptions on
antenna theory that we hear on the ama-
teur bands. The graphs of resistance as a
function of antenna height-to-diameter
ratio, which were taken from reference 1,
should provide a convenient design aid for
those seriously contemplating the construc-
tion of a large vertical antenna. Editor

It was finally decided to make the
vertical 91 feet (28m) high, consisting
of 70 feet (21m) of aluminum lattice
tower sections, surmounted by a 21-
foot (6.4m) whip that happened to be

7 —
1 &2
500 1502 70" -
400 1405 A oot -
]
300 G 1305 4 - T
V.ANY. -
200 1 V20 é{ o 190°
>y L4411
~ 110Y v< U] 206* 2107
rgloc H ";'\(/ - =
3 ro?' ',',”, 777 220° H
W 39 AV 77 230" 2507
2 30 90! 11101, 27
N 80
0 |
2 20
a 4 L .
u & Ny B . /f
10
T
—
A
5 2 -
50" 1
2 /'
40°
!
! 2 345 10 20 304050 (00 200300500 (000

ANTENNA HEIGHT
ANTENNA DIAMETER

fig. 1. Resistance as a function of antenna
height-to-diameter ratio.

available. This configuration would
make the electrical height of the an-
tenna 0.347 wavelength on 80 and
0.166 wavelength on 160 meters.

It was decided to guy the antenna at
two levels. The base insulator was to be
a cluster of heavy-duty ceramic pillars.
Since the dead weight of the antenna
would be only about 100 pounds
(37kg), and ceramic is very strong in
compression, this type of base was quite
practical.

The guys were to be 1/8 inch (3mm)
diameter steel cable, with 6-foot (1.8m)
sections of 1/2-inch (13mm)} poly-
propylene rope to insulate the guys
from the tower, and small egg insulators
to break up the guys. The guy anchors
would be 5-foot (1.5m) iong earth
augers.

may 1975 9



matching system characteristics

A lot of thought was given to the
matching network. It was decided not
to use the usual cut and try method;
instead, the network would be engineer-
ed. The network was built before the
antenna was erected, and required only
minor adjustment when installed.

The following characteristics were
desired in the network:

1. Obviously it must match the resis-
tance and tune out the reactance. The
antenna would be highly reactive on
both bands since it would not be reso-
nant on either.

2. It should use as few elements as
possible and should be easily switched
between bands.

3. It should have a permanent dc path
to ground on both bands for lightning
protection.

The design achieved all of these objec-
tives.

First to be determined was, ‘‘what
were we matching?” Any antenna is
really a transmission line. Its termina-
tion is its own losses to space; but since
this is a poor termination, the vswr is
very high, as a graph of the voltage and
current shows. As with all transmission
lines, an antenna has a characteristic
impedance. This is not the sending-end
impedance. What is seen at the sending
end is the antenna's losses to space,
which are distributed along its length,
transformed by the characteristics of
the transmission line to a single resis-
tance value called the base radiation
resistance of the antenna. This resis-
tance, when multiplied by the square of
the current measured at that point, teils
how much power is actually being
radiated.

The characteristic impedance of the
antenna is a function of the length-to-
diameter ratio. A thin wire will have a
characteristic impedance of 600 ohms

10 [ may 1975

or more; a lattice tower might have a
characteristic impedance of 200 ohms
or less. The lower the characteristic
impedance, the less will be the impe-
dance excursions with frequency at the
sending end, which is true of all trans-
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fig. 2. Reactance as a function of antenna
height-to-diameter ratio.

mission lines. This means greater band-
width.

The accurate calculation of the resis-
tance and reactance of an antenna of
irregular shape is impractical, but graphs
are available that give fairly realistic



values. These graphs, reproduced in figs.
1 and 2 and described in reference 1,
were generated from vhf scale models
and give resistance and reactance values
for solid cylindrical antennas of differ-
ent height-to-diameter ratios over a per-

4
|
4
1
J

Antenna farm at W7IR includes beams for 20
and 15 meters, right, beams for 40 and 10
meters, center, and 91-foot vertical for 80 and
160 meters, left.

fect ground, with the height of the
antenna in electrical degrees as the
parameter.

design assumptions

We didn't know how a lattice tower
of triangular cross-section related to a
solid cylinder, but we guessed that it
might be something like the diameter of
a circle inscribed within the 11-inches
(28cm) on-a-side triangular mast or 6
inches (15cm). We also thought that the
top 21 feet (6.4m) of the antenna,
which was a small-diameter whip, would
reduce this dimension further. Since it
was a nice number to work with, our fi-
nal guesstimate was a height-to-diameter
ratio of 200, which proved to be a good
choice. Because W7IR's antenna would
be 0.166 wavelength on 1.8 MHz and

0.347 wavelength on 3.75 MHz, the elec-
trical heights on those bands would be
59 and 125 degrees respectively.

The graphs, as closely as they could
be read, yielded the following R and X
values for the two bands:

resistance, R reactance, X

frequency {ohms) (ohms)
1.8 MHz 7 -160
3.75 MHz 180 +240

We further assumed that the ground
system, fair but far from ideal, might
represent a loss of 3 dB at 1.8 MHz.
Adding 7 ohms, a loss resistance equal
to the 1.8-MHz radiation resistance,
might compensate for ground-system
losses. The effective resistance values
thus would be 14 and 187 ohms, re-
spectively.

The antenna would require a series
inductive reactance of 160 ohms to tune
it to 1.8 MHz, but a shunt reactance was
desired to provide a direct path to
ground for lightning protection. So the
series R and X from the graphs were
translated to their equivalent parallel
values:

Xs
Q=g
Ry, = R, (Q2+1)
R
X> = Q°

This gave the following values:

resistance, R reactance, X

frequency (ohms) (ohms)
1.8 MHz 1820 -160
3.75 MHz 495 +386

Thus a shunt reactance of +160 ohms
(14.1 uH) would tune the antenna. The
parallel resistance value of 1820 ohms
could most easily be matched by using

may 1975 [§ 11



the loading coil as an autotransformer,
connecting the 50-ohm transmission line
to a tap on the coil. The fraction of coil
turns across which the line should be
connected was:

Vv 22 - 0.166 = 16.6%

1820

neglecting leakage inductance. This took
care of the 160-meter band.

A shunt capacitor would be required
to tune the 80-meter band. This circuit
would not furnish a direct path to
ground, so it was decided to see what
would happen if the 14.1-uH 160-meter
loading coil were left in place on 80
meters. At 3.75 MHz this coil would
present a reactance of +332 ohms. This
reactance in parallel with the +386
ohms reactance of the antenna at 3.75
MHz gave a net reactance of +179 ohms,
the resistance being unchanged. When
this combination was translated back to
series form, the reactance was R =57.5
ohms and X = +159 ohms, a convenient
value since it meant that on 80, with the
160-meter loading coil in place, the

—]

fig. 3. Antenna tuning network for the
2-band vertical with switching relay for
changing bands.

transmission line could be connected
directly to the base of the antenna
through a capacitive reactance of 159
ohms (267 pF) with negligible mis-
match. The two-band matching net-
work was thus very simple, consisting of

12 may 1975

a single inductor and a single capacitor
with a spdt relay to switch bands. The
network is shown in fig. 3.

W7IR works both phone and CW on
80, so the bandwidth was calculated by
obtaining resistance and reactance
values for the antenna and network
components at 3.5 MHz and 4 MHz and

w
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fig. 4. Vswr performance of the large vertical
antenna on 80 and 160 meters,

plotting the results on a Smith chart.
This data showed that the vswr would
be less than 2:1 over the entire band.

construction and tuneup

The network was built into an old
breadbox; components were from an
old rig. The coil had a Q of over 200 on
both bands, so its loss was negligible.
The antenna was erected without mis-
hap. A sign-erection truck was hired for
the occasion, and a few local hams held
guy wires.™

The radials were put in with the aid
of a mole, which is a tool about the size
of a power lawnmower designed for
digging shallow trenches for the pipes of
underground sprinkler systems. Sixteen

*Also try your local phone company or a tree-
trimming service. They have mobile cherry
pickers with operators that can often be hired
for a fairly reasonable fee. Editor



radials about 125 feet (38m) long were
installed. More radials would have been
desirable and probably will be installed
later. But it was only a week before the
start of the DX contest, and even with
the mole it was hard work. Then came
the tune up. Would the network act as
predicted? It had already been built.

Author W7IV supporting W7IR's antenna.
Concrete base is 18 inches (45.7cm) by 1 foot
(30.5cm). Tuning network and ceramic insu-
lators are shown.

It was our intention first to measure
the resistance and reactance of the an-
tenna, as a check on the curves and to
get an approximation of the actual
ground resistance. This would be done
by subtracting the 7 ohms radiation
resistance at 1.8 MHz taken from the
graph from the measured total value.
This turned out to be impossible for an
unforseen reason. A local broadcast
station produced a signal of 20 volts at
the base of the antenna, making use of
an rf bridge impossible. The BC station
would not shut down for us so the
network was tuned, first on 160, by

energizing the network and antenna
with enough transmitter power to over-
come the BC signal, then adjusting the
inductance for maximum voltage across
the coil as read by an rf vtvm. Then the
transmission line tap on the coil was
selected for minimum vswr. Next,
power at 3.75 MHz was fed to the
network, and the series capacitor ad-
justed to null the vswr.

The final values came out extremely
close to the calculated values. The
160-meter loading coil turned out to be
14 pH (right on the nose) and the
80-meter series capacitor was 320 pF
rather than the 267 pF calculated. The
transmission line tap on the coil was at
24% rather than 17% of the turns.

Curves of vswr versus frequency are
shown in fig. 4. The bandwidth is some-
what greater than calculated. This is not
necessarily good, however, since it prob-
ably means that the ground losses are
higher than assumed.

conclusion

As this is being written, the DX
contest has just ended. Contest scores,
of course, are highly dependent on con-
ditions and the number of stations and
countries participating. But W7IR re-
ports that the overall performance on
both bands was far superior to that of
the high inverted-vees previously used.

On 160, although activity was sparse
and noise levels high, W7IR worked
every DX station he heard. On 80,
W7IR felt that, for the first time, he had
an antenna that really put him in a good
competitive position. The antenna gave
him the feeling that he was really get-
ting through — every serious DXer
knows that's what really counts.

references
1. E.A. Laport, Radio Antenna Engineering,
McGraw-Hill, New York, 1952,
2. RE. Leo, W7LR, "Vertical Antenna
Ground Systems,” ham radio, May, 1974,
page 30.
ham radio
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graphical design
method for

A no-math approach
to the log periodic

design problem

Anyone who has designed or studied
log-periodic antennas is aware of the
math involved due to the many variables
that enter into the design problem.
References 1-6 contain several pages of
formulas and refer the reader to four or
five nomographs, log tables, etc. Prob-
ably this is one of the reasons the
log-periodic antenna has been neglected
by the amateur fraternity. Furthermore,
little information has been published on
the design of hf L-P antennas in amateur
publications.

When | retired in 1970 | decided to
make a study of high-frequency log-
periodic antennas. The original antenna
in use here has only 7 elements, is
limited to 20 and 15 meters, is less than
40 feet (12.2m) long, and is pointed
south. Over the past three years it has
averaged 8-10 dB gain compared with a
20-meter dipole at the same height. The
results obtained from this beam prompt-
ed a second, larger log-periodic for 20,
10 and 15 meters having a boom length
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George E. Smith, WAAEO, 1816 Brevard Place, Camden, South Carolina 29020 M.

log-periodic antennas

of 70 feet {21.3m). Three log-periodics
were erected and tested during 1970,
and as of this writing 17 have been put
up and tested.

This article presents a graphic design
approach for log-periodic antennas that
eliminates the work associated with the
math involved. Four designs are pre-
sented first, each having essentially the
same boom length and apex angle, but
with different numbers of elements.
Each should provide approximately
10-dB gain referenced to a dipole at the
same location and height above ground.

Additionally, two more log-periodic
designs are shown, one with a 94 foot
(16.5m) boom that gives about 8-dB
forward gain and one with a 100-foot
(30.5m) boom. {Both boom lengths are
nominal.) This last design is presented
for those with enough real estate to
accommodate it and the nerve to hang
such a monster in the air. 1t will give
12-dB forward gain (referenced to a
dipole) if properly designed and assem-
bled and suspended at least 40 feet
(12.2m) above ground. All designs cover
14 to 30 MHz.

the log-periodic antenna

For those readers not acquaintec
with the log periodic, it is a broadband
multi-element, unidirectional, end-fire
array capable of 8- to 14-dB forwarc
gain. The front-to-back ratio is usually
10 to 14 dB with side attenuation tc
about 25 dB. The forward lobe of the



log-periodics tested here generally runs
about 90 degrees in the H plane. Its
vertical angle of radiation, or take-off
angle, can be controlled fairly well by
height above ground. The swr at the
feedpoint remains relatively constant
over the frequency range for which the
antenna is designed, generally not ex-
ceeding 2:1 with 1.5:1 as typical; usu-
ally varying between 1.1:1 and 1.5:1.

A bandwidth of 10:1 is normal for
fixed commercial log-periodics designed
to cover frequencies between 3 to 30

erected in a space 40x40 feet (12x12m)
giving an 8- to 10-dB gain on 20 and 15
meters.

Most of the log-periodics used here
have been of the horizontal dipole con-
figuration and have been tested on 40,
20, 15 and 10 meters. One of the 20-,
15-, 10-meter log-periodics was also test-
ed for a few weeks in the vertical plane.
Three of the vertical monopole config-
urations using a ground plane or
counterpoise have been tested on 40
and 80 meters. More recently two of the

(3.2M) 1
b

El

BOOM TARGET LENGTH

04 FT]

\

fig. 1. Basic geometry for
the log-periodic antenna
graphic design method.
The original drawing was

70 FT (2iM)

MHz; however, they are quite long, usu-
ally 250-800 feet (76-244m), depending
on gain required and beamwidth. Some
of the commercial log-periodics having a
limited bandwidth of 4-30 MHz are
160-3560 feet (46-91m) long, and for
6-30 MHz, 100-250 feet (30-76m) long.
The commercial rotary types generally
have a boom length of 40 to 74 feet
(12-22.5m). Some of these are used at
MARS stations.

For amateur applications, a fixed log-
periodic wire beam can be limited to a
bandwidth slightly more than 2:1,
covering 7-14.5 MHz for 40 and 20
meters or 14-30 MHz for 20, 15and 10
meters without being excessively long.
By limiting bandwidth still more, say
14 to 22 MHz, a log-periodic can be

scaled 10:1.

trapezoidal type, one the sawtooth
structure and the other the zig-zag, have
been tested on 20 meters. Some of these
log-periodic antennas have been de-
scribed in amateur publications®-19
with complete dimensions and assembly
details.

In addition, several special log-
periodics have been designed on paper
covering other frequencies. Some cover-
ed both MARS and amateur bands;
several were for special vhf and uhf TV
channels; and, | blush to say, one cover-
ed 26-27 MHz for a CBer wanting a good
skip antenna.

After designing my first three log-
periodics the hard way with the
formulas, | felt there must be an easier
design method. When designing the
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fig. 2. Log-periodic antenna using 17 elements and
a 69-foot {(21m) boom. Approximate gain (refer-
enced to a dipole) for this design and those in figs. 3 to S is 10 dB. All cover 14 to 30 MHz,

original antennas, | always made an
assembly sketch on graph paper after
arriving at the correct element lengths
and spacing distances. Since the outline
of a log-periodic results in an isosceles
triangle, with the long rear element
being the base and the shorter forward
elements forming the triangle toward
the apex, the following simple no-math
graphic design method became appar-
ent. | believe this simple design method
will be of interest to any amateur wish-
ing to design a log-periodic for a particu-
lar band, bandwidth, or to fit a log-
periodic into a given space.

graphic design method

You will need the following mate-
rials: graph paper, 1/10 cross section,
8%x10% inch {21.5x26.7 cm) or larger;
an architect or engineer’s scale; a pro-
tractor; and some French curves (not
absolutely necessary but helpful in
designing the side catenary lines).

For the first example we will design
an L-P for 20, 15 and 10 meters or for
operation on any frequency between 14
and 30 MHz.
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1. First determine the low- and high-
frequency cutoff required or frequencies
over which the L-P is to operate, or its
bandwidth.

2. Next determine the amount of space
available when the L-P is aimed in the
desired direction. If there is a space
limitation, it may be necessary to re-
duce the boom length, losing some gain.
This is discussed later.

3. Determine the length of the longest
{rear) element and the shortest (for-
ward) element:

Rear element. The rear element should
be at least 5% longer than the lowest
cutoff or operating frequency. Using the
usual formulas:

468/MHz = 468/14
33.4 feet (10.2m)

% wavelength

34.4+ 1.7
35.1 feet {10.7m)

33.4+5%

#

Since a slightly longer length is better,
we will use 36 feet (10.9m) for the rear
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fig. 3. An L-P with 14 elements and a 70-foot (21.3m) boom. El4 104  (3.2)

element. This element length will
resonate at 468/36 = 13.0 MHz.

Forward element. The shortest element
should resonate 45 to 50% higher in
frequency than the desired high-
frequency cutoff. From my experience,
the swr will be lower by using a high-
frequency cutoff plus at least 50%:

30 MHz + 50% =45 MHz
% wavelength at 45 MHz = 468/45

= 10.4 feet (3.2m)

We now have the required length of the
rear element, 36 feet (10.9m) and the
forward element, 10.4 feet (3.2m)

4. We will now estimate a boom target
length to determine a practical distance
from the long rear element (E1) to the
short forward element. From experi-
ence, an L-P designed to cover an octave
(2:1 bandwidth) should have a boom
length from 1.5 to 3 times the length of
the rear element. If the boom length is
less than 1.5 times the rear-element
length, the apex angle will exceed 40
degrees and the forward gain will suffer.
In other words, the gain drops off quite

rapidly for a boom length less than E1 x
1.5, or with an apex angle of more than
40 degrees.

From the L-P formulas and nomo-
graphs in the references it will be noted
that the a angle {which is 1/2 the apex
angle); relative spacing, 0; design or
scale factor, 7; and other variables all
govern the forward gain, front-to-back
ratio, etc. The design factor, 7, given by
references 4 and 5, is of special interest
because it gives gain figures between 7.5
to 12 dB for various combinations of
these formulas. However, the purpose of
this article is to eliminate all formulas, so
the information above is for those wish-
ing to pursue further study.

We now have sufficient dimensions
to start drawing the graphic L-P. In
laying out the first antenna, use a scale
of 10:1. Referring to fig. 1, proceed as
follows:

5. First draw the longitudinal center
line, X-Y. Now draw the longest ele-
ment, E1, (line A-B) determined by step
3 to be 36 feet (10.9m).

6. A boom length of 2 x E1 will be
used for the first example; 36 x 2 = 72
feet (21.6m). We will use 70 feet (21m)
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as the target length and try not to
exceed this length.

It will be found later that this overall
length may vary plus or minus a few
feet, but we will try not to exceed an
overall length of 70 feet (21m). This
will also give us a target length for fore
and aft mast spacing.

Now measure 70 feet (21m) along
the X-Y centerline from point X (or the
rear element) toward Y, making a dot at

1
sz
s3
$4
55

s6

8. Draw line A-C and extend it until it
crosses the X-Y axis. Next draw line
B-D, extending it to also cross X-Y. If
all drawings to this point have been
accurate, these fines will meet, forming
the apex, (Y), of an isosceles triangle,
A-Y-B.

9. The next step is to add the remaining
elements between the rear element, E1,
(line A-B) and the short, forward, target

57
58
59
10

with a boom

69.95 feet (21.3m).

fig. 4. An 11-element L-P
fength of

called Y'.

7. Next draw a temporary (dotted) line,
C-D, at the 70 foot {21m) point, making
this line 10.4 feet (3.1m)}, which is the
length of the shortest (forward) ele-
ment. Make certain that the X-Y axis
bisects this line, or that the two ends of
line C-D are equidistant from X.Y. A
permanent line is not drawn here as this
is a temporary, or target line. It is a step
of the graphic method needed to gener-
ate the triangle outline to which the
other elements will be added. The final,
short element, may not coincide exactly
with the boom target length. It may
miss this distance by a few feet; how-
ever, this has little effect on the perform-
ance of the antenna.
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exactly 70 feet (21m), which will be element, which should fall near the

temporary element (line C-D).

Precise measurements must be made
for the remainder of this design. For
this reason an accurate scale must be
used and the lengths should be read or
estimated to 0.1 foot (3cm). Fig. 2 will
now be used to complete the L-P. Qur
next objective will be to determine a
correct spacing ratio between the
elements.

element spacing

Since a log-periodic antenna can be
considered a unidirectional, end-fire ar-
ray having a series of driven elements,
a spacing distance of 0.05 to 0.2 wave-
length should provide the best gain, as



Ef

the two adjacent elements are out of
phase because of transposition between
elements, which is required for a log-
periodic antenna.

For starters we'll use an element
spacing of approximately one-tenth
wavelength between elements such as
the rear (longest) element, E1, and the
following element, E2; and between E2
and E3, etc. An easy method of ap-
proaching this spacing is to divide the

triangle. As shown by fig. 2 this length
will be 33.4 feet (10.2m). {The remain-
ing elements and element spacing will be
referred to as E3..En and S2...Sn,
respectively.)

11. Next determine the second spacing
distance, S2: E2/5 = 32.5/5 = 6.5 feet
(2.0m). Mark this distance, S2, draw E3,
and measure its length, which will be
31.0 feet (9.4m).

rear-element length by 5: 36/5 = 7.2
feet (2.2m). For this simple design
method, this might be considered simi-
lar to the ‘relative spacing ratio, o, =
dN/21n,” or ‘“‘the mean spacing factor,
o', = dn/21n;” or “design ratio, 7, = 1n/
L1-1;" in the log-periodic design formu-
las, which can be obtained from refer-
ences 1-5 and 11. We shall, however, pro-
ceed with our no-math design method.

10. Refer to fig. 2 and accurately meas-
ure 7.2 feet (2.2m) from the center of
element E1 (point X) down X-Y and
mark the position with a dot. This point
will be the location of the second ele-
ment, E2. Now draw E2 and measure its
exact length between the sides of the

. ~ - . - ° . © ool =] fig. 5. L-P design using 13
@ @ @ @ @ @ @1 elalela elements and a 68.1-foot
TTe— (20.8m) boom length,
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12. Continue the mark-draw-measure-
divide procedure, very accurately, to
obtain the remaining spacing distances
and element lengths until the last and
shortest element is reached, which
should be close to 10.4-feet (3.2-m)
long and should be approximately *1
foot (30cm) from our boom target
length, depending on how accurately
the measurements have been made and
drawn. We now have all element lengths
and spacing distances for a 17-element
log-periodic for 14-30 MHz having a
boom length of approximately 69 feet
(21m). As measured by the protractor,
the apex angle is approximately 20
degrees. Considering this angle, number
of elements, and the boom length, this
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L-P should give a forward gain of ap-
proximately 10 dB if the antenna is
one-half wavelength above ground, or at
least 35 feet (10.7m) on 20 meters.
Although 17 elements are good from
an swr standpoint, a smaller number of
elements can be used, as mentioned
later. Twelve to 13 elements are generally

ratio L{E)/3 is used, resulting in only 11
elements. As 12 to 13 elements are a
minimum for a 2:1 bandwidth, fig. 5 is
generated using a ratio L(E)/3.8, which
gives 13 elements. This should be the
optimum of the four L-Ps all having
approximately the same final boom
length and apex angle.

i9. 6. esi .
5 o 0 % ° ° slalalels|s fig. 6. Same design as'|!1
® @@ R tig. 5 except with mini-
~ mum boom length (53 feet
~ or 16.2m), Gain is approxi-
N mately 8 dB.
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the minimum required for an L-P de-
signed to cover an octave. Using less
than 17 elements will reduce weight,
cost and labor.

a 14-element design

Fig. 3 illustrates a similar 14-30 MHz
L-P also using a 70-foot {21.3m) boom
target length but instead of the ratio
L(E)/S, a ratio of L{E)/4 is used, result-
ing in 14 elements. Note that the boom
length is almost exactly 70 feet (21.3m)
and the apex angle remains the same as
the 17-element L-P, fig. 2.

11- and 13-element designs
Fig. 4 is an equivalent L-P but the
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Any one of these designs would have
about equal forward gain; however, the
11-element design would probably not
have as smooth or flat an swr across its
bandwidth due to a minimum number
of elements vs bandwidth. The swr
might exceed 2:1 on some frequencies.

The 13-element array is one of the
L-Ps assembled and being used here.
Note that an odd number of elements is
suggested from a mechanical assembly
standpoint, as explained in some of my
previous articles.

From the four L-Ps illustrated in fig.
2, 3, 4 and 5, it will be noted that the
elements vary as follows: 11 for L(E)/3,
13 for L{E)/3.8, 14 for L(E)}/4, and 17



for L(E)/5, each having essentially the
same boom length and apex angle. Each
should give approximately 10 dB gain.

14-30 MHz log-periodic with
minimum boom length

If space is not available for a 70-foot
(21.3m) boom length, the minimum
length of 54 feet (16.5m) (E1 x 1.5) can
be assembled per fig. 6. The ratio of
L{E)/5 is used, which gives 13 elements.
Since this antenna has a length only 1.5
times that of the rear element (or approx-
imately 3/4 wavelength boom length),
and the apex angle is 36 degrees, its gain
will probably not exceed 8 dB.

14-30 MHz L-P with 100 foot
{30.5m) boom length

For those desiring maximum gain
from an L-P for 20, 15 and 10 meters
and if space is available, the 14-30 MHz
L-P boom length can be extended to
approximately 100 feet (30.5m) as illus-
trated by fig. 7 which, if properly
assembled and suspended at least 40
feet (12.2m) above ground, will give a
gain of 12 dB.

L(E}/3.3 was used for generating this
L-P. The boom target length was 100
feet (30.5m). For this drawing the last
element, E17, is 101 feet (30.82m) from
the rear element starting point, which
overshot our target by 1.1 foot (34cm).
Sixteen elements could be used, which
would be 98.0 feet (29.9m), but as
mentioned previously, an odd number
of elements is desirable from a mechani-
cal standpoint; therefore, the extra 1.1
feet (34cm) should be acceptable.

gain vs boom length
and apex angle

By the graphic design method we
have generated three 14-30 MHz dipole
log-periodic antennas having three dif-
ferent boom lengths, apex angles and
gain:

boom length apex angle approximate gain
feet meters (degrees) (dB)

54 16.5 36 8

70 21.3 20 10
100 30.5 1s 12

Thirteen elements are suggested for
the shorter 50- and 70-foot {15.2 and
21.3m) L-Ps and 17 elements for the
100-foot (30.5m} length. | have tried all
three configurations. A 70-foot (21.3m)
L-P is used for my northeast beam and
the 100-foot (30.5m), 17-element array
for the beam directed west, which has
given outstanding performance.

Since the 10-meter band may not be
of interest now due to propagation con-
ditions, this portion of the L-P designs
can be eliminated by deleting elements
shorter than 15 feet (4.6m); i.e., for the
13 element L-P, fig. 5, elements 10, 11
12 and 13 can be deleted, reducing the
length by 14.3 feet (4.4m) leaving a
9-element L-P covering 14-21.5 MHz for
20 and 15 meters.

For the shortest L-P, fig. 6, deleting
the four forward elements would reduce
the length by 10.9 feet (3.3m) or a
boom length of 41.2 feet {12.6m). This
20- and 15- meter beam could then be
erected in a space 40 x 45 feet
(12.2x13.7m). Likewise, for the 100-
foot {(30.5-m} L-P, fig. 7, elements 12,
13, 14, 15, 16 and 17 can be deleted,
reducing its length 23 feet (7m), leaving
an 11-element L-P with boom length of
78.2 feet (23.9m). The deletion of the
10-meter section of these L-Ps will have
little effect on the gain on 20 and 15
meters, since the apex angle is un-
changed.

40- and 20-meter log-periodics

The same graphic approach can be
used for designing an L-P covering 7-
14.5 MHz for operation on 40 and 20
meters; however, by doubling the ele-
ment lengths, spacing distances, and
boom length of the 20-, 15- and 10-
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meter L-Ps (fig. 2 through 7), 40- and
20-meter L-Ps can be assembled, except
possibly that of fig. 7, since it would be
over 200 feet (61m) long, The L-Ps of
fig. 2, 3, 4 or 5 would become 140 feet
(42.7m) long; however, the shortest
L-P, (fig. 6), would be only 108 feet
{32.9m) long.

By adding four or five short for-
ward elements and extending the boom
length slightly, a 40- and 20-meter L-P

In reference 7 a single-band L-P for
40 meters was described which has
been tested here. Single-band L-Ps can
be assembled for any of the high-
frequency bands using the graphic de-
sigh method. Five elements are suffi-
cient and the swr remains relatively flat
across the band for which the antenna is
designed. A total of five different single-
band L-Ps have been tested here on
several bands. With an apex angle of 32 -
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e E2 330 (100) S2 100 (3.0)
—— 05 (9.3) $3 93 (28
< E4 260 (8.5) sS4 85 (26)
E5 260 (7.9) s5 79 (24)
240 (7.3) 86 73 (2.2)
TARGET BOOM LENGTH E7 220 (6.7) s§7 67 (2.0)
100 FT (30.48M) 1 £8 200 (6.1) SB 6. (.8)
E9 185 (57) s9 57 (1.7)
Ei0 120 (37) SI0 52 (1.6)
Eii 158 (4.8} Sl 48 (1.5)
E12 145 (4.5) si2 44 (1.3)
EI3 133 (4.1) 513 40 (L.2)
X €14 122 (3.8) si4 37 (1.1)
fig. 7. Big Daddy — an L.P with 17 elements and a boom length of EI5 11.3  (3.5) Si5 :;7 %%34))

101.1 feet (30.8m). Gain is approximately 12 dB.

can be modified to cover 7 to 21.5 MHz
for operation on 40, 20 and 15 meters,
which are probably the most-used bands
at present. A 40-, 20- and 15-meter L-P
was described in reference 7, which was
of the skip-band type having a portion
deleted between 7 and 14 MHz. An L-P
for 40 meters should be at least 70 feet
(21.3m) high for DX work.

For those wishing to design an L-P
covering a bandwidth greater than a
single octave, 12 to 13 elements are about
the minimum that should be used. Addi-
tional elements can be used as the boom
length is increased. For a 3:1 band-
width, no less than 18 or 19 elements
will be required; for 4:1 approximately
21 will be required.
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36 degrees, the single-band L-P will
generally show a gain of 8 to 10 dB
provided it is suspended approximately
one-half wavelength above ground.

vertical monopole
log-periodic antennas

The vertical monopole L-Ps for 40 and
80 described in reference 9 were also
assembled by the graphic design
method. The ratio L{(E)/5 is best for a
single-band, 5-element dipole or mono-
pole L-P since element E2 will be spaced
approximately one-quarter wavelength
from the shortest element; and the
open-wire center feeder, which is one-
quarter wavelength from the feedpoint
to E2, or the active element, also serves



as an impedance-matching transformer
between element E2 and the higher
impedance at the feedpoint, which is of
the order of 200 - 300 ohms. Thus a 4:1
balun can be used.12

summary
Of the nearly twenty different log-
periodic antennas | have built and

tested, all but the first three (erected in
1970) have been designed by the
graphic method. Although this simple
procedure may seem crude, and may
not be as accurate as an L-P designed
entirely by the formulas, al! antennas
have produced the same results. In addi-
tion to the dipole log periodics, | have
erected and tested three of the mono-
pole L-Ps, which have gquarter-
wavelength vertical radiators and ground
radials. These were tested on 40 and 80
meters. My graphic design method has
also been applied to two of the trapezoi-
dal sawtooth and zig-zag log-periodic
designs now being tested on 20 and 15
meters.

I hope the simple non-math graphic
design method will be of help to those
wanting a special L-P for a particular
frequency range or to fit in a limited
space. To obtain maximum gain, make
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four-element

phased vertical array

Design and construction
of a four-element
phased array

for 40 meters

that provides nearly

9 dB forward gain

24 may 1975

Jerry Swank, W8HXR, 657 Willabar Drive, Washington, Ohio 43160 i

For the last ten years, during the Ant-
arctic winter, | have been handling
phone-patch traffic from KC4-land on 40
meters. At this end | have been using a
pair of phased verticals. In Antarctica
they have used log periodics, vees,
rhombics and monopoles. | usually re-
ceive good signal reports, but their
signals are often buried in summer static
and difficult to copy.

| have often tried to get the opera-
tors in Antarctica to try phased vertical
antennas, but they change crews every
year, and no one was apparently very
interested. Then, three years ago, |
began working Byrd Station nearly
every night with Bob Conner, and | told
him that | thought a set of phased
vertical antennas would solve their
problem.

When he came back for two-years
stateside duty we got together and plan:
ned that when he went back to Ant
arctica in 1974 we would try out the
idea. | outlined the plan for the vertical
array, and we discussed it thoroughly,
planning to ship everything to Ant
arctica, down to the last solder lug.



The Navy bought four trapped ver-
tical antennas, Hy-Gain 14AVQs, and
Bob got the necessary wire and fasteners
to mount them. The logistics turned out
to be a real cliff hanger with the an-
tennas barely making it on board the
last plane into McMurdo Station. It was
a great deal of work in the icy weather,
but finally, on February 9th, 1974, one
vertical was installed. Bob was pretty
discouraged, though, because the single
vertical picked up so much noise from
the big, nearby Navy installation that it
was unusable. | told him to be patient
and put up another one a half-
wavelength away and hook them up as a
broadside array. On February 11th the
signals from McMurdo came through
loud and clear, and Bob said that the
interference had dropped almost to zero.

T 7
/7 N /
¢ /
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fig. 1. Horizontal radiation pattern of haif-
wavelength spaced vertical antennas is
shown in (A). Pattern at (B) is that of
quarter-waveiength spaced verticals. At (C)
is pattern of the four-element phased array
discussed here.

By arranging the location of a phased
array and properly orienting it, noise
can be cut as much as 40 dB. In fact,
this was the original reason | had gone
to phased verticals. The noise from the
7200-volt utility line at my back pro-
perty line, 12 feet (3.7 meters) from the
antennas, put a steady buzz into my
receiver at about S6. When | installied

\,
\
/
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the phased array, the noise dropped
practically to zero.

When the four vertical antennas were
installed at McMurdo Station, their 40-
meter signals began coming in about
0700 GMT at 10 to 40 dB over S9.
Everyone there {and here) was ecstatic,
and stations all over the states began
breaking-in to tell the KCA4USV opera-
tors their signals had never been so loud.
Note that this was before the 40-meter
season normally opened. We did not
expect to use 40 meters except for tests,
and had planned to meet on 20 meters
for coordination. We did not expect 40
to be usable until sometime in April.

the array

The broadside array with half-
wavelength spacing has very broad nulls
on the side and a narrow 60° beam
which takes out noise on either side
quite well (fig. TA). The forward gain is
about 3.86 dB. Quarter-wavelength
spacing of the verticals results in a cardi-
oid pattern (fig. 1B); the beam width is
about 120° and the only good null is
toward the rear. However, this pattern
has a lower forward angle of radiation,
and is best for extreme distances. For-
ward gain is about 4.5 dB.

Combining the half-wavelength
spaced broadside array with the quarter-
wavelength spaced system (fig. 2} pro-
vides nearly 9 dB forward gain. This is
better than a three-element beam and at
a lower angle unless you have a real
man-sized tower. The pattern is similar
to that of a Yagi (fig. 1C).

construction

A plan view of the four-element
phased array is shown in fig. 3. The
phasing lines between the quarter-
wavelength spaced elements (A-D and
B-C} are 3/4-wavelength long because,
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when the velocity factor of the RG-8/U
coaxial cable (0.66) is taken into con-
sideration, a quarter-wavelength coaxial
line is too short to reach between the
elements. The 3/4-wavelength phasing
line provides the same phase delay.

DIRECTION OF
PROPAGATION

144V0
TRAPPED
VERTICALS
(4 PLACES)

T

;] ;
POINT :
FEED A
3
o ¢ '

fig. 2. The four-element 40-meter phased ar-
ray used at KC4USV uses four Hy-Gain
14AVQ trapped verticals.

Although a tee connector is shown
between the two half-wavelength spaced

elements (A and B), in the installation
at McMurdo Station the tee connector is'

actually located inside the station. Be-
cause of the severe weather conditions
during the winter, and frequent 100
mph (160 kmh) winds, this system
allows either quarter-wave spaced pair
to be used separately in case one of the
verticals of the other pair is brought
down or damaged by the wind.

It would also be possible to feed
antennas C and D with one feedline, and
antennas A and B with another, placing
the phasing line inside the shack. With
this system the pattern of the array
could be reversed.

The antennas at McMurdo Station
are mounted on a hill of volcanic ash
and the electrical ground is down about
30 feet (9m). It was originally planned
to use ground radial mounting, but the
volcanic ash has extremely low conduc-
tivity, and the antennas are mounted on
about six feet (1.8m) of pipe, so they
are located a quarter wavelength above
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electrical ground. This is ideal for a
ground plane. One radial was installed
on the far side and five radials on the
near side to support the antennas and
provide the best ground plane toward
the desired direction {see fig. 3). The
radials are each insulated at the outer,
high-voltage ends.

performance

Because of poor performance in pre-
vious years, in 1974 the Navy installed a
Collins log-periodic on a 100-foot
(30.5m) tower. We tested the phased
array twice against the big log-periodic,
once under good conditions, and once
under the poorest conditions. The log-
periodic had less than 3 dB advantage
over the phased vertical array. The old
40-meter beam, used for years, sounds
pitiful by comparison.

DIRECTION OF
PROPAGATION

A2
(68-2" OR 20.77m)

Ny
//,/I AU \\ // /
’ ] AN I
’
. [ N sy
s // 1 voN N s,
/ LUEAN FEED /
' 8 \ POINT i
, \\EOUAL LENGTH | EQUAL LENGTH
//I|\ (aNY) (ANY)
7y I \ N //’I
7T EUNN S
VA I \ , /
[ LN Sy

~
-

FEED LINE
(ANY LENGTH) 1/4 RADIALS (34'-5%

49m). SAME_PAT
Pt A

FEEDLINES BETWEEN
ANTENNAS A8D, B&C
TO BE 3/4) LONG
167-8" OR 20.62m)

fig. 3. Dimensions of the 40-meter phased ar-
ray. Gain of this antenna {s nearly 9 dB.

An unexpected bonus made the
phased array even more valuable. Since
the four verticals are trapped designs for
operation on 40, 20, 15 and 10 meters,
performance on 20 meters is good. By

OR
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dropping one cardioid section, the re-
maining section becomes a half-
wavelength end-fire array on 20 (it also
works well on 15 meters). Trapped an-
tennas were originally chosen because
they were shorter, and less likely to be

stalled temporarily as a half-wavelength
spaced broadside pair so contact was
resumed in a few days. When the ham
shack was rebuilt the four-element
phased array was placed back in opera-
tion. The big log-periodic on the 100-

The phased array at KC4USV is mounted approximately 6 feet (1.8m) off the ground on a sloping
hiliside so the rear pair of antennas is about 7 feet (2.1m) higher than the forward pair. This results
in an extremely low vertical radiation angle. Standing by one of the antennas is Bob Conner,
WB2BCJ, who installed the array at McMurdo Station in Antarctica.

blown down in high winds, so multi-
band operation of the array was an
added bonus.

postscript

On July 22nd, 1974, an ice storm hit
McMurdo Sound with winds to 138
mph (222 kmh), tearing off the roof
and one wall of the ham shack. The
storm also took out the large elements
of the big log periodic, making it un-
usable on 40 meters. The four 14AVQ
verticals in the array, however, were
completely undamaged.

All the amateur radio gear was
moved to another building and two
spare 14AVQ vertical antennas were in-

foot tower, on the other hand, had to
wait until summer.

As a sidelight, to show what the
weather is like at McMurdo Station, on
August 8th a plane came in from Christ
Church, New Zealand, 2000 miles away,
air dropped nine sacks of mail, weighted
with sand, from about 400 feet (122m)
and returned non-stop to New Zealand.
One bag broke open and three others
were carried away by the wind. Two of
the three bags were found 20 miles
(32km) away and one was finally re-
covered 45 miles (72km) away. The
mail from the broken bag was only
partially recovered!

ham radio

may 1976 27



parabolic reflector

element spacing

It's not necessary

to use solid or screened
reflector surfaces —
properly spaced
reflector elements
provide the

same performance

28 [[B may 1975

Norman J. Foot, WA9HUV, Elmhurst, lllinois 60126

The subject of parabolic reflector ele-
ment spacing is like the weather —
nearly everybody talks about it, but few
people do anything about it. One reason
is that there are a large number of
parameters relating to good parabolic
antenna design, and the matter of reflec-
tor element spacing seems to have been
lost in the shuffle.”

It is possible to avoid the issue of
reflector spacing by adding metal
screening or using a solid metal surface
as many builders have done.1+2 Some of
these designs however, take special skills
and the cost is likely to be high. As an
alternative, an all-metal dish can be pur-
chased on the surplus market.

*Sometime after preparing the material for
this article, author WA9HUYV discussed it with
Edward F. Harris, Chief Engineer with Mark
Antennas, and discovered that Harris had
done similar work in the 1950s. His report,
“Designing Open-Grid Parabolic Antennas,”
appeared in the November, 1956, issue of
Electronic Industries magazine.



On the other hand, several low cost
parabolicreflector designs employing
aluminum tubing have appeared in ama-
teur radio magazines in recent years.3:4
The question is, are these designs really
inferior to solid reflector designs, and if
so, to what extent? What are the per-
formance compromises one is willing to
make when consideration is given to
cost, mechanical strength and stability,
portability, ease of construction,
mounting, wind-loading and weight?

It seems reasonable to assume that if
the elements of a reflecting screen are
located extremely close together in
terms of operating wavelength, then
most of the incident energy will be
reflected and very little will be trans-
mitted through the screen. On the other
hand, if the reflector elements are many
wavelengths apart, it seems clear that a
large portion of the incident energy
should pass through uninhibited. By
intuition, it does not seem likely that a
screen of reflectors suddenly becomes
completely reflective at some critical
value of element spacing. It also follows
that the screen probably does not be-
come completely transparent when this
critical value of element spacing is
slightly exceeded. Just how does the
reflective property vary with element
spacing?

In an attempt to answer these ques-
tions | performed a series of experi-
ments. The results, which are the sub-
ject matter for the balance of this
article, should be of interest to future
builders of parabolic reflectors.

test setup

To perform the experiments, a wood-
en frame 20-inches (51-cm) wide was
made of furring strips. Holes were drill-
ed in the sides of the frame 3/4-inch
(19-mm) apart so that 24-inch (61-cm)
long aluminum tubes, 7/16-inch
(11-mm) OD, could be inserted and

stacked like a venetian blind, with the
elements separated by 3/4 inch or any
multiple of 3/4 inch. A sketch of the
frame is presented in fig. 1.

Two kinds of experiments were per-
formed, one to test the transmission and
the other the reflective properties of the
screen as element spacing was varied. A

20"
(5t ¢m)

28 SETS OF (/2" 3_—l
(13 mm) DIAMETER, °
374 (i9 mm) P
APART. 9 9
D ELEMENT
[ [] SPACING
b (VARIABLE)
0 f]
0 0 \
P 24" (61 cm)
LONG, 7/16"
{11 mm} O.D.
ALUMINUM
TUBES.

SUPPO!\L k \-J

fig. 1. Sketch of wooden frame used to vary
the space between reflector elements. Test
setups are shown in fig. 2 and 3.

battery-operated 2304-MHz small-signal
source driving a circular horn antenna
was used as the transmitter.

A similar horn antenna was used to
feed a 2304-MHz converter. The
2304-MHz test frequency was chosen so
that the reflecting screen could be kept
reasonably small. |f the experiment
were performed at 432 MHz, for exam-
ple, much longer reflector elements and
a physically farger frame would have
been required.

In the second set of experiments
both the receiving and transmitting horn
antennas were located on the same side
of the reflector, side-by-side, and orient-
ed so that maximum reflected signal was
received. When the reflector was re-
moved, the crosstalk between horns was
too small to operate the S-meter in my
receiver. The elements of the screen
were then added in various combina-
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tions of spacing, and the S-meter read-
ing recorded for each case.

test results

In the first set of experiments in
which the receiving and transmitting
antennas were separated by the screen,
very little signal reached the receiving
antenna for element spacings up to 1%
inches (38mm). At 2% inch (57mm)
spacing, the screen became slightly
opaque, while at 4 inches (102mm) it
was almost completely transparent. It is
interesting that for the 3-inch (76 mm)
spacing, approximately half of the inci-
dent energy was transmitted through
the screen. Fig. 2 shows the results of
these tests.

Fig. 3 shows the results of the second
set of tests. With spacings up to 2%
inches (67mm), most of the transmitted
signal power was reflected into the
receiving horn. With 3-inch (76mm)
spacing, half the power was refiected
and half was transmitted through the
screen. This correlates very well with
the first set of experiments, For spac-
ings of 3-3/4 inch (95mm) or more,
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fig. 2. Transmission characteristic at
2304 MH2z as a function of reflector ele-
ment spacing.
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nearly all of the incident energy passed
through the screen.

data analysis

The data shows clearly that the
screen is a good reflector for element
spacings less than 3 inches (76mm) at

2 \\
] \\
6 \
SPACING -
—~ APPROX. 5X 5
tg (]
z N
3 by
e ~
5 >~
® 6 e'\
|
8 -
/

OLAN VIEW OF SETUP

o / 2 3 4q 5 6
ELEMENT SPACING (INCHES)

fig. 3. Reflection characteristic at 2304 MHz
as a function of reflector element spacing.

2304 MHz, and a poor reflector for
spacings greater than 3 inches (76mm).
The space between the 7/16-inch
{(1tmm) OD aluminum tubes for a 3-
inch (76mm) center-to-center spacing is
2.5625 inches (65mm). Recognize that
a freespace half-wavelength at 2304
MHz is very nearly the same value, or
2.563 inches. Further thought suggests
that the adjacent elements may operate
on much the same principle as a trans-
verse magnetic {TM) mode waveguide.5
To test this idea, note that the cutoff
frequency in such a case depends on the
dimensions of the waveguide in the
following manner:

AC___ 2 ab

Va2 + b2




This equation can be illustrated geo-
metrically as shown in fig. 4. Note that
as the a dimension is increased to infini-
ty, which is the case of parallel reflector
elements, then Ac/2 approaches b. This
is exactly the result that the experi-
ments led to. In other words, by
definition, the cutoff frequency of a
curtain of parallel reflector elements
occurs when the space between adjacent
elements is one-half wavelength.

This interesting result also implies
that the diameter of the reflectors has
little to do with the cutoff frequency,
since it is the open space between the
reflector elements that is significant.
Therefore, the analysis also applies to
tubes of different diameters as well as to
reflector elements having different
cross-sectional shapes.

The experiments also show that at
the cutoff spacing, the loss in terms of
percentage of power transmitted is 3 dB.
This can be interpreted to indicate
that the illumination efficiency of a
parabolic reflector with element spacing
corresponding to the cutoff frequency
would be 50%. For example, assume a
dish diameter of 12 feet (3.7 meters)
operating at 2304 MHz; its gain, if it
was well designed in all respects, is
given by®

o mD\? _ 73.7\?
Gain = 0.59( )\> 0.59 (—-—0.13)

= 4703 or 36.7dB

where D is the diameter of the reflector,
N\ is the operating wavelength and the
coefficient 0.59 accounts for the illumi-
nation efficiency of a well designed
dish. If the element spacing was the
critical value, however, allowing half the
incident power to pass through the ele-
ments, the dish gain would be 3 dB less,
or 33.6 dB. The overall efficiency of
such a dish would be 29% instead of 59%.

It is interesting to note that, even
with losses of this magnitude, the ERP
of this dish would be over 10 kW when

fed with 5 watts. If the element spacing
was reduced to 2 inches (51mm) how-
ever, the ERP would increase to over 20
kW at 2304 MHz.

economical 432-MHz design

On the basis of these experimental
and analytical results, a parabolic reflec-
tor can be built for 432 MHz having
only 1 dB reflector loss if the elements
are spaced 12 inches (30.5cm) apart. In
this case, only 13 reflector elements are
needed for a 12-foot (3.7-meter) dish.

.

b

|

fig. 4. Geometry of the transverse mag-
netic mode (TMy ) in rectangular wave-
guide (see text).

4
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The design would be very lightweight
and would have relatively low wind-
cross section. Compared to the ideal
dish made of solid sheet metal, this dish
would have an illumination efficiency of
47% instead of 59%, and a gain of 21 dB
instead of 22 dB.

1296-MHz dish design

It is interesting that 7-foot (2.1-meter)
parabolic receiving antennas manufac-
tured for TV use employ 4-inch {10.2
cm) spacing. This makes them useful
at 1296 MHz without the addition of
hardware cloth or other metal screen-
ing if you are willing to accept approxi-
mately 1.0 dB reduction in gain com-
pared to a solid metal design. The gain
of such a dish is 26 dB at 1296 MHz. If
the loss of a dB makes you nervous, the
dish diameter can be increased by 12%
to compensate for the loss. Thus, a
12-foot (3.6-meter) dish should be made
13 feet (3.96 meters) in diameter, while
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the 7-foot (2.1-meter} dish diameter
should be increased to nearly 8 feet (2.4
meters) to compensate for 1 dB of
reflector transmission loss.

It should be recognized that the par-
allel element dish is sensitive to polariza-
tion and will not work well with dual or

mesh if made of 7/16 inch (11 mm)
diameter aluminum tubing.
on the air tests

The 12-foot (3.6-meter) parabolic re-
flector | use was put into service in
1970. Initially, it was not covered with

table 1. Center-to-center spacing of parabolic reflector elements for 1.0 dB loss of gain.

reflector '
tubing diameter

7/16" (11mm)

432
12.000" (305.0mm)

172" (13mm) 12.063" (306.5mm)
5/8" (16mm) 12.125" (308.0mm)
3/4” (19mm) 12.375" (314.5mm)

circularly polarized feed systems such as
may be desirable for EME or satellite
communications. However, it is entirely
feasible to use a second set of reflectors
at right-angles to those already de-
scribed to eliminate polarization sensi-
tivity. Such a dish, if designed for 432
MHz, for example, would have a surface
resembling a 12x12-inch {30x30cm)

frequency {MHz)
1296 2304 |

3.855" (98.0mm) 2.168" (55.0mm)
9.917" (99.5mm) 2.230" (56.5mm)
4.042" (102.5mm) 2.355" (60.0mm)
4.167' (106.0mm) 2.480" (63.0mm)

screening. Tests performed before and
after adding expanded aluminum screen-
ing both on 432 MHz and 1296 MHz
did not indicate any difference in per-
formance or gain.

More recently, comparative tests
were run with and without screening on
2304 MHz, and a small reduction in gain
was noticed. The radiation patterns on
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fig. 5. Azimuth patterns of WASHUV's 12-foot (3.6-meter) parabalic reflector at 432, 1296 and
2304 MHz (photograph of dish is shown at beginning of article),
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all three bands did not change however.
Fig. 5 shows the patterns of the 12-foot
dish without screening for 432, 1296
and 2304 MHz. These patterns were
taken with the aid of battery-operated
signal sources located approximately 0.2
mile (0.32 km) from the dish, and ele-
vated above ground to the same height
as the center of the dish. The pattern
test conditions were fairly ideal since
the line of sight path was unobstructed,
giving essentially free-space conditions.

summary

Probably the most simple and effec-
tive parabolic reflector design is the one
described in this article. The reflecting
elements should be oriented parallel to
the direction of polarization of the ex-
citing wave. Thus, for horizontal polari-
zation which is in most general use for
amateur purposes, the elements of the
parabola should be oriented horizontal-
ly. The space between elements should
be less than a half wavelength at the
highest operating frequency. To reduce
the loss through the reflector to 1.0 dB,
the space between refiectors should be
approximately 0.439\. Table 1 shows
center-to-center spacing for various sizes
of tubing for frequencies of 432, 1296
and 2304 MHz.
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Larsen Kulrod VHF Antennas are the result
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able and built with infinite care to assure
top performance. Models available to fit all
standard mounts and for all popular ama-
teur VHF frequencies. Each is equipped with
the exclusive Larsen Kulrod, your assurance
of maximum efficiency and no loss of RF
through heat. Comes complete with all in-
structions. Models for 2 meters deliver a full 3
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Sold with a full money back guarantee . . .
the most liberal in the mobile antenna field.
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you deserve to have a Larsen Kulrod. Get
full fact sheet and prices, today.
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Vancouver, WA 98663
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how to design
shunt-feed
systems for

grounded vertical radiators

A graphical

design system

for using your tower
as a shunt-fed

vertical antenna

Vertical antennas have several advan-
tages over horizontal dipoles on the
lower amateur bands, especially in those
cases where the dipole cannot be raised
at least one-half wavelength above
ground. A recent article showed how to
use a b4-foot (16.5m) tower, top loaded
with a quad or Yagi, as a grounded
vertical radiator on 40 and 80 meters.!
However, to properly design the shunt-
feed matching system for these two
lower bands required the use of a good
quality impedance bridge. Once the
complex input impedance had been
determined, a graphical method was
used to calculate the components re-
quired to match that impedance to a
50-ohm transmission line.2

This antenna system generated a
great deal of interest, but since few
amateurs have access to an RX impe-
dance bridge, they were unable to use
this technique to adapt their own
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towers for use on the lower amateur
bands. For this reason | decided to
make a series of measurements which
would be used to generate a set of
graphs which would simplify the design
of shunt-fed vertical radiators. These
graphs are presented in this article.

First, a series of antenna tests were
conducted by scale modeling to deter-
minethe electrical height of towers which
are capacitance loaded by a typical Yagi
beam or cubical quad. Further tests were
conducted to determine how long the
gamma-type shunt feed rod had to be to
permit the use of a practical L-network
for matching to 50-ohm coaxial cable.

All tests were made with an
aluminum-tubing gamma rod about 1
inch (26mm) outside diameter, spaced
10 2 inches (20.3 to 30.5¢cm) from one
leg of the tower. This size was chosen
for maximum physical and electrical
stability as well as high conductivity.
The resultant design curves show the
electrical height of the tower, required
gamma rod length, and series capaci-
tance, C,, required to cancel the induc-
tive reactance of the gamma rod. The
parallel matching capacitance, C,, is
also given (fig. 1). The series and paraliel
capacitors should both be air variables
so the matching system can be adjusted
to provide as low vswr as possible.

using the curves

The graph of fig. 2 shows the rela-
tionship of physical height to electrical
height of a thin wire (calculated from



234/fpay2), measured electrical height
of a 1%-inch {38mm) diameter conduc-
tor (which coincides very closely with
the predicted electrical height of a thin
conductor), and a tower 1 to 2 feet (30
to 61cm) in cross section, top loaded
with a Yagi or cubical quad. If you wish
to use your present tower as a vertical
antenna for the lower bands, you can
determine its electrical height from the
data presented in fig. 2.

The data in fig. 3 is for use on the
amateur 7-MHz band and shows the
length of the gamma rod and required
series capacitance for towers up to 90
feet (27 meters) high (about 3/4 wave-
length on 40 meters). Towers which are
tafler than this will produce a large lobe
of high-angle radiation that reduces the
radiation at lower vertical angles. Some
shorter towers may actually be shorter,
physically, than the recommended
gamma rod; in that case more parallel
capacitance will be required to match
the system to 50 ohms. Fig. 4 shows the
same type of data for the 80-meter band
(towers higher than 180 feet [64 me-
ters] exhibit the large, high-angle lobe).

The data in fig. 5 is for use on the
160-meter band. Note that a tower
which has an electrical height of 90 feet
(27 meters) requires a gamma rod which
is 60 feet (18 meters) long. Since a
43-foot (12m) tower with a Yagi repre-
sents an electrical height near 90 feet, a
60-foot gamma rod is obviously an im-
possibility. The use of a shorter gamma
rod and more parallel capacitance may
provide a match to 50 ohms, but in this
case an rf bridge and graphical solution
will save a lot of time.3

Note that for towers with electrical
heights near 53 and 70 feet (16.2 and
21.3 meters), a gamma rod approxi-
mately 20 feet (6.1 meters) long will
provide operation on both 80 and 40
meters (the rod is about a quarter-
wavelength long on 80 meters, one-half
wavelength long on 40). For operation
on both 80 and 160 meters, a similar
coincidence occurs for towers which are

electrically near 110 and 135 feet (35.5
and 41.1 meters) high. In this case a
gamma rod approximately 40 feet (12.2
meters) long will provide operation on
both bands. In either of these dual-band
systems adjustments of the parallel
tuning capacitor, C,, will compensate
for differences from the specified
gamma rod length.

fig. 1. System for
using a tower as a
shunt fed grounded
vertical radiator on
40, 80 or 160
meters.

Ny
TOWER, TOP LOADED
WITH QUAD OR YAG!

VARIABLE SHORTING BAR

GAMMA
ROD

cs

50-0HM COAX
 —
Cp

The electrical height of towers higher
than 120 feet (36 meters) can be extra-
polated by adding about 35 feet (10
meters) for a three-element 20-meter
Yagi with a quarter-wavelength boom
(about 16 feet or 5 meters); add about
45 feet (13 meters) of electrical height
for a multielement beam such as the
Hy-Gain TH6DXX. A two-element
40-meter beam adds 50 to 60 feet (15
to 18 meters). Although cubical quads
add about 25 feet (7.6 meters), multi-
element quad designs add little more
because the elements are well away
from the top of the tower and insulated
from it.
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ELECRICAL HEIGHT (FEET)

matching capacitors

Since the reactance of the series
capacitor, C,, is quite large except in
those cases where the tower is approxi-
mately a quarter-wavelength high, this
capacitor should have a breakdown rat-
ing of about 1000 volts for transmitters
up to about 200 watts output. For
transmitter powers of 2000 watts this
capacitor should have a breakdown rat-
ing of 5000 volts or more.

PHYSICAL TOWER HEIGHT (METERS)
20 L 25

Where large capacitance values are
recommended, it is suggested that at
least half be variable with the rest made
up with fixed padding. Note that both
the stator and rotor of the series capaci-
tor must be isolated from ground.

The ideal matching network for this
antenna system would use two vacuum-
variable capacitors. These capacitors are
not seriously affected by humidity or
changes in barometric pressure, and
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fig. 2. Physical vs electrical height of towers top loaded with Yagi beams or cubical quads.

The parallel matching capacitor, C,
does not require such a high voltage
rating unless excessively high vswr is
expected at full power. For a 200-watt
transmitter, an old style BC capacitor
with 700 to 1000 pF maximum should
work nicely. For 2000 watts PEP the
parallel capacitor should have a rating of
1500 volts minimum with current-
carrying capacity of seven amperes.
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they can be connected to small geared
motors so they can be controlled re-
motely from the operating position. A
300-pF vacuum variable rated at 7500
volts, and a 1000-pF vacuum variable
with a 2000 volt rating should handle
practically any legal amateur transmitter
with low vswr.

A remote-control system that | have
used for several years is shown in refer-

ELECTRICAL HEIGHT (METERS}



ence 1. It's obviously a lot easier to
remotely control the matching system
from your hamshack than it is to traipse
out to the backyard in snow, sleet and
rain each time you want to shift your
operating frequency.

construction

A typical gamma rod installation is
shown in fig. 6. On my vertical antenna
the gamma rod is mounted with PVC

each side of the PVC pipe, about 1 inch
(26mm) in from each end (see fig. 6).
Stainless-steel hose clamps are run
through the slits in the PVC pipe and
around the vertical member.”

If you wish, the same tower may be
used on more than one lower-frequency
band — simply install gamma rods on
more than one leg of the tower. You
can use separate capacitance matching
systems or remotely controlled vacuum-
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fig. 3. 40-meter vertical. Gamma rod length and series capacitance vs electrical height of tower.
Recommended paraliel capacitance to match 50-ohm transmission lines is 320 pF (at least 100 pF

of which shouid be variabie).

insulators spaced about 10 feet (3
meters) apart. The insulators are made
from 1-inch diameter (25mm) PVC
water pipe. The movable shorting bar is
made from the same material as the
gamma rod.

To attach the PVC insulators to the
gamma rod, first notch the ends so one
end fits around one leg of your tower,
the other end around the gamma rod.
Then cut half-inch (13mm) long slits on

variables, depending upon your operat-
ing requirements. A vertical tower
antenna system which | use successfully
on both 40 and 80 meters is described
in reference 1.

*The author has assembled several pages of
how-to hints and additional constructional
information which is available from him for
the cost of printing and mailing. A self-
addressed, stamped envelope to the author
will bring a summary of contents and cost.
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ground requirements

Remember that the vertical element
is only one-half of a vertical antenna
system — the vertical element must
operate against a good ground plane or
the ground losses will be so high that
the antenna performs poorly. The so-
called ideal ground system consists of

ELECTRICAL HEIGHT (METERS)
30 40

short vertical antennas, consult the ex-
cellent series of articles by W2FM|(.5-8

The tower which you use to support
your higher frequency antennas can
easily be used as a practical antenna
system for 40, 80 and 160 meters. The
graphs presented here will help you to
design the necessary shunt-matching
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fig. 4. 80-meter vertical. Gamma rod length and series capacitance vs electrical height of tower.
Recommended parallel capacitance to match 50-ohm transmission lines is 650 pF (at least half

should be variable),

120 equally-spaced, quarter-wavelength
radials, but even such an elaborate
ground plane as this still introduces
about 2 ohms of series loss resistance
into the total radiation resistance. Since
short vertical antennas are characterized
by relatively low radiation resistance,
ground resistance loss is higher, propor-
tionately, than it is with vertical ele-
ments which are quarter-wavelength or
more. A complete discussion of ground
system requirements is contained in re-
ference 4. For more information on
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system, but note that since conditions
vary from one location to another, some
adjustments will be necessary to obtain
a low vswr. However, with an swr bridge
installed near the base of the vertical
(very short leads), alternately adjust the
series and parallel tuning capacitors un-
til the reflected power approaches zero.
If the amount of parallel capacitance for
low vswr seems excessive, make the
gamma rod slightly longer.

The setting of the series capacitor is
rather critical because reactance changes
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fig. 5. 160-meter vertical. Gamma rod length and series capacitance vs electrical height of tower.
Paralfel capacitance required to match 50-ohm transmission lines is approximately 1300 pF.

sharply near zero so it may take several
tries before you can get the capacitor
set exactly right. However, with a good
ground system, the shunt-fed grounded
tower can provide a very efficient an-
tenna system for relatively little cost.

HOSE
CLAMP
(2 REQ'D)

SUT N
LJ/— BOTH SIDES

OF PVC SPACER

TOWER LEG

GAMMA ROD SPACING PVC SPREADER

fig. 6. Construction of the shunt feed system
for grounded vertical radiators. The spacers
are made from PVC water pipe.

references

1. John R. True, W40Q, "Vertical Antenna
System,”” ham radio, April, 1973, page 16,
and May, 1973, page 56.
2. I.L. McNally, WINCK, and Henry S. Keen,
W2CTK, “Graphical Solution of Impedance-
Matching Problems,’” ham radio, December,
1969, page 26.
3. John R, True, W40Q, “Measurement Tech-
niques for Antennas and Transmission Lines,”
ham radio, May 1974, page 36.
4. Robert E. Leo, W7LR, "“Vertical Antenna
Ground Systems,” ham radio, May, 1974,
page 30.
5. Jerry Sevick, W2FMI, ""The W2FMI 20-
Meter Vertical Beam,”’ QST, June, 1972, page
14,
6. Jerry Sevick, W2FMI, “The W2FMI
Ground-Mounted Short Vertical,”” QST, March,
1973, page 13.
7. Jerry Sevick, W2FMI, “A High Perform-
ance 20-, 40- and 80-Meter Vertical System,
QST, December, 1973, page 30.
8. Jerry Sevick, W2FMI, “The Constant-
Impedance Trap Vertical, QST, March, 1974,
page 29.

ham radio

may 1975 39



high-gain

1296-MHz

Construction of a
light-weight

high performance
104-element antenna
for 1296 MHz

The high-gain 1296-MHz array described
in this article, which | call the "“blow-
torch array” and which consists of eight
13-element Yagis arranged in a circle, is
light weight, presents little wind resis-
tance, can be rotated with a small TV ro-
tator, and provides gain eguivalent to
that of a 5-foot (1.5 meter) dish. The
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Yagi Array

Yagis, based on a design by W2CQH,! use
slightly shorter directors than he speci-
fied and are designed for use with low-
loss 75-ohm CATYV coaxial feedline.

yagi construction

The parasitic elements of the Yagis
are lengths of number-14 (1.6mm) OD
copperweld wire, soft-soldered to a
boom made of %-inch (6.5mm) thick-
wall brass tubing, 36 inches (91.4cm)
long as shown in fig. 1. The copperweld
elements provide both physical strength
and high electrical conductivity, both
of which are required for effective
operation.

Before cutting the directors, make up
a simple template as shown in fig. 2 so
that each of the directors is precisely
the same length. This is extremely im-

*Any specific information desired regarding
this array can be obtained by enclosing a self-
addressed stamped envelope with inquiry to
Paul F. Magee, W3AED, R2 Box 432, Berlin,
Maryland 21811.
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portant because very slight differences
in length will adversely affect the per-
formance of the antenna.

The driven element is a delta-
matched dipole of number-14 copper-
weld which is soldered to the boom.
The delta-matching system consists of
two pieces of number-14 soft copper
wire soldered to the dipole — this is fed
by a balun made from two pieces of %-
inch (6.5mm) OD copper tubing, 1%
inch (38mm) long, which are soldered
on top of the boom as shown in fig. 3.
Place the forward end of these two
tubes as close as possible to the driven
element to minimize lead length to the
delta match.

To hold the two balun tubes in the
proper position while you are soldering
them, bend a small piece of sheet alumi-
num into a vee which can be held loose-
ly in a vise. Note the short number-14
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