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Before you buy an amplifier

Before you invest your hard earned money in a linear
amplifier, consider what'’s inside. That’s where the dif-
ference in quality is obvious. No lightweight, cheaply
built components...In Henry amplifiers vou will find
only the best quality, heavy duty components. We build
our amplifiers to perform at peak level month after
month, year after year. Both the 2KD-5 and the 2K-4A
will operate full legal power continuous duty on all
modes. We offer the amateur the linear amplifier that
we would want in our own stations.

At Henry Radio we know how to build only one kind

of amplifier...the best!

2K -4A
Never has a linear
amphitier racked
up so many hours
of dependable
operation for
amateurs world-
wide operaling
at full legal power
hour atter hour
under every
tvpe of condition
maginable He-
cause the 2K-4A s
built with the very
best. heavy duty
componenls a
vaillable, i1 can loal
along at full legal
power It oflers engineenny and teatures second
10 no other inear on the markel The 2K-4A will
pul your signal on the air with greater strength
and clanty than you ever dreamed possible
Ciperates on all amateur bands, 80 thru 15
meters (export models include 10 meters)eTwo
rugged Eimac 3-5002 grounded gnid tnodesePy-
L plate circuit with silver plated tank coileRe-
sonant cathode-pi input circutesBuilt-in SWR
bndge & relative AF output metereMaximum
egal input all modes Price $1195
T 2K-4 1 st

800 421-6631
FREE ORDER NUMBER: |

INEWMT?HEM -.-u_l-'l'l [..11|'||-|'I|I|:I.:II”
Camnt rpsidents pie 356 Call

avadable for export and military use

o1t uf 1eguiar numbers

11240 W Olympic Bivd
931 N. Euchd. Anaheim
Butler, Missoun 64730

# The 2KD 5

imateur bands

2KD-5 GENERAL SPECIFICATIONS
1+ 2000 watt PEP input (1200 watt PEP nominal
output) RE inear amplitier, covering the B0, 40, 20, and 15 meter

¥ Two Exmac 3 5002 glass envelope triodes operating in a grounded
grd circunt

¥ P L plate corcuit with a rotary silver plated tank coil for greatest
efticiency and maxmum attenuation of unwanted harmonics

¥ Full legal input n all modes. 2000 watts PEP input for SSB 1000
watts DC input tor CW, RTTY and AM

¥ Jumper for 115 or 230 VAC. 3 wire single phase

¥ 105 high = 15 wide x)7 5 deep

$945.00

* Price

1KD-5
A little less power, a hittle ighter. AND less
expensive but the 1KD-5 15 a true Henry
Radio linear amplifier. offering supenor quality
and dependabiity. It 1s designed to greatly
beazt the strength and clanity of your signal
Its heavy duty components guarantee years of
trouble free. dependable pertormance

The 1KD-5 1s a 1200 watt PEP input (700
watt PEP nominal output) RF linear amplifier
covering the 80, 40, 20, and 15 meter ama-
teur bands (also 10 meters on umits shipped
outside the U S ) Features an Eimac 3-500Z
glass envelope triode » ALC circuit » DC relay
system * Relative RF power meter * Pi-L plate
circuit with a rotary silver plated tank coil »
Cathode Piinput matching circunts = Conser
vatve power supply with sohd state rectifiers
Price $695

Los Angeles. Calil. 90064

Calit. 9280

iK-A COMMERCIAL/MILITARY
AMPLIFIER*

A high quality linear amplhifier designed for
commercial and military uses The 3K-A em-
ploys two rugged Eimac 3-500Z grounded
gnd tnodes for supenor hingarity and provides
a conservative three kilowatts PEP input on
SSB with efficiencies in the range of 60%
Thus results in PEP output in excess ol 2000
watls. It provides a heavy duty power supply
capable of furmishing 2000 watts of continuous
duty input for either RTTY or CW with 1200
watts output 3 5.30 MHz Price $1595

AK-ULTRA*
Specifically designed for the mast demanding
commercial and military operation for SSB
CW. FSK or AM Features general cuverage
operation fram 3 0 10 30 MHz Using the
magnificent new Eimac BB77 grounded giid
triodes, vacuum tune and load condensers
and a vacuum antenna relay, the 4K-ULTRA
represents the last word in rugged. rehiable
linear high power RF amplification. 100 watts
drive delivers 4000 watts PEP input

Price $3450
*Not available for sale to amateurs in the U S

Export inquiries are invited.
Export models of Amateur units avalable for 10
meter operation also

s HEMY Rl

Prices subjact to change withoul notce



Now you can really
enjoy the challenge of work-

ing that tough to work 2-meter
DX. The all new Boomer
3.2-Ayagi gives 16.2 dBd

forward gain. A high efficiency
balanced feed system, with in-
tegral balun, gives a clear, pre-
cise pattern. The trigon reflector
reinforces Boomers' 24 dB front to
back ratio. Boomer has that right
combination of features which will give
you long path DX capability or allow

you to participate in tropo, sporadic E,
meteor scatter and EME activities.

The Boomer is designed to last with a
large diameter round boom for more
strength with less wind load. It has a re-
versible truss support, high strength alumi-
num mounting plates and all stainless
steel hardware.

When you install Boomer, you'll appreciate
our typical attention to detail. You can throw
away the hack saw and hand drill. Boomer
has a detailed instruction manual, precisely
cut elements, plus machined and finished
components which need only pliers and
screwdriver to assemble.

When you are ready to move up to even
higher gain, we have complete stacking kits
with everything necessary to assemble two,
four and larger yagi arrays.

Stalk down to your local dealer (anywhere
in the world) for full details on Boomer.

@ cushcraft

The Antenna Company
A-3219 BOOMER 48 Perimeter Road, P.O. Box 4680

UPS SHIPPABLE Manchester, NH 03108



MFJ ENTERPRISES, INC. 1879

NEW MFJ-981 3 KW Versa Tuner IV

For $199.95 you can run up to 3 KW PEP and match everything from
1.8 thru 30 MHz: coax, balanced lines, random wires. Built-in balun,

MiJ I RKs

I RILOWATT SERIES

MODEL MF 581

Hsnn

TRANSMITTER

The NEW MFJ-981 3 KW Versa Tuner IV lets

you run up to 3 KW PEP and match any feedline
continyoysly from 1.8 to 30 MHz: coax, balanced
ling or random wire

This gives you maximum power transfer to
your antenna for solid 0S0's and attenuates har
monics to reduce TVI and out-of band emission

An accurate meter gives SWR, forward, reflect
ed power in 2 ranges (2000 and 200 watls)

A new all metal, low profile cabinet gives you
RFl protection, ngid construction, and sleek styling

Flexible 7 position anlenna switch lets you
select 1 coax thru tuner and 2 coax thru tuner
or direct, or random wire and balanced line

Up to 3 KW PEP. Match any feedline from 1.8
to 30 MHz: coax, random wire, balanced line

Gives maximum power transfer. Harmomic at
tenuation reduces TVI, out of band emissions

Black metal cabinet, anodized aluminum front
panel. Flip down wire stand. 5x14x14 in

Encapsulated 4:1 ferrite balun. 500 pf, 6000
voll capacitors, 18 position dual inductor, 17 amp

Up to 3 KW PEP. Match any feedline from 1.8
to 30 MHz: coax, random wire, balanced line
Heavy duty encapsulated 4:1 ferrite balun

Gives maximum power transfer. Harmonic at
tenuation reduces TVI, out ol band emissions

Black metal cabinet, anodized aluminum front
panel. Flip down wire stand. 5x14x14 in

500 pf, 6000 volt cap., 18 position dual induc

Black limsh. Rich anodized aluminum front panel
5x14x14 inches. A fHip down wire stand tilts
tuner lor easy viewing

Efficient, encapsulated 4:1 ferrite balun. 500
pl, 6000 volt capacitors, 18 position dual inductor
17 amp, 3000 volt ceramic rotary switch. 2%
meter. S0-239 coax connectors, ceramic feedthru
for random wire and balanced line. Binding post
for ground

Every single unit is tested for performance and
inspected for quality. Sohd Amencan construction,

SWR, dual-range forward and reflected power meter.

Built-in balun, SWR,
dual-range forward and
reflected power meter.

quality components. Full one year limited warranty

For your nearest MFJ dealer, call tollfree
8006471800 Stop by your dealer. Compare it
feature for feature with other tuners. Compare its
value, its quality and its performance

After a truly side by side comparison, you'll
be convinced that its value, quality and features
make it a truly outstanding value

Why not visit your dealer today and see the
NEW MFJ981 3 KW Versa Tuner IV? Il no
dealer is available order direct from MFJ

* 7 position
antenna switch
* 4:1 ferrite balun s 95
for balanced
lines
ceramic  switches, 50239 coax connectors
ceramic leedthru for random wire, balanced line,
binding post for ground
Made in USA. One year limited warranty
See it al your nearest dealer. It no dealer 15
available order direct from MFJ

* Encapsulated 4:1
ferrite balun for s1 6995
balanced lines

tor, 17 amp ceramic swilches
Made in USA. One year imited warranty
See it at your nearest dealer. If no dealer is

available order direct from MFJ.

MFJ-982 3 KW VERSA TUNER IV has balun,_7 position antenna switch. Matches every-
thing: coax, balanced lines, random wires continuously from 1.8 to 30 MHz.

If you already have a SWR/wattmeter, the
MFJ-982 is for you.

MFJ-980 3 KW VERSA TUNER IV has built-in balun for balanced lines. Matches coax,
balanced lines, random wires, 1.8 to 30 MHz.

This is MFJ's lowest priced 3 KW Versa
Tuner IV.

FOR YOUR NEAREST DEALER OR FOR ORDERS

cALL ToLL-FREE 800-647-1800

Order any product from MFJ and try it. If not delighted, return within 30 days for a prompt refund (less shipping).
Order today. Money back if not delighted. One year limited warranty. Add $8.00 shipping/handling.

For technlcal Information, order/repair status, in Mississlppl, outside continental USA, call 601-323-5869.

Order By Mail or Call TOLL FREE 800-647-1800 and Charge It On F,-l ! J
P. 0. BOX 494 —

MISSISSIPPI STATE, MISSISSIPPI 39762

MFJ ENTERPRISES, INC.

2 B may 1979 More Details? CHECK — OFF Page 118
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i a second look
by Jim Fisk

Whether on or off the air, there’'s probably no Amateur Radio subject discussed more, scrutinized more carefully, or
analyzed more qualitatively than antennas — the engineers analyze, the DX operators scrutinize, and the rest of us
simply talk. And with the coming of spring and summer, interest in antennas peaks as Amateurs start working on their
antenna systems for the coming DX season. If you have been thinking about updating your station antenna, you may
find a useful design in this, our annual antenna issue. If you don’t plan to install a new antenna this year, this is a good
time to take a close fook at your existing system to make sure it's operating up to par. Now that the ravages of winter
are over, check all the electrical connections for oxidation, inspect the feedline for damage, and if your system SWR is
not as low as it used to be, now’s a good time to find out why.

If you look at the record, there have been few important breakthroughs in Amateur antenna design since the delta-
loop beam and the quagi, and many readers would argue that both of these antennas are actually extensions of exist-
ing antenna theory (quads and Yagis). Many specialized antennas have been developed for military and space com-
munications in recent years, but most have little or no application in Amateur Radio. One example is the log periodic
or LP, first designed as a microwave antenna, later as a high-frequency wire beam, and finally, for TV reception. The
LP has never been especially popular with Amateurs, probably because we operate on segmented bands and the LP is
a broadband device. However, there is renewed interest in the LP for DX work on 80 and 40 meters, and if Amateurs
are allocated any new high-frequency bands at WARC 79, it's a sure bet that a good many three-band beams will be re-
placed by rotatable log periodics.

Unlike other areas of electronics and radio communications, where there have been occasional guantum leaps for-
ward, improvements in basic antenna design have been slow and evolutionary, beginning in 1887 with Hertz’ classical
center-driven dipole. Marconi's first successful wireless experiments used essentially the same antenna: Two large
copper plates excited by a spark gap. To increase the distance of his transmissions, Marconi put up larger and larger
quantities of wire. Early Amateurs did the same — because of the low frequencies then in use, the DX performance of
a station was proportional to the size and height of the station antenna. in fact, many of the radio engineering text-
books of the early 1900s included a mathematical equation attributed to Marconi which showed that communications
distance was directly proportional to the square root of antenna height.

The first advances in gain antennas were the result of experiments by commercial radio companies which wanted to
improve the reliability of their overseas service. First came the long wire, the vee, and the rhombic; then the lazy-H,
Sterba curtain, and Bruce array, followed closely by the Yagi beam and the 8JK flat-top; W8LZX's cubical quad was
introduced a few years later. Each new antenna design was eagerly tested by Amateurs who were trying to improve
the performance of their stations.

The perpetual need to improve station performance has become something of a tradition in Amateur Radio, and
whether it's the result of ever greater band crowding or the competitive Amateur spirit, | don’t know, but it certainly is
a fact. Single-sideband provided the needed improvement in the early 1960s, and compact kilowatt linears made their
contribution in the late 1960s; that left the antenna system. The fact that there were no antenna breakthroughs did not
dilute the compelling urge to enhance station performance — if you couldn’t improve basic antenna layout and
design, you could certainly increase antenna size, and hence, antenna gain.

As an example of this trend, consider the great interest in phased arrays for 40 and 80 meters, sparked primarily by
W1CF’s QST articles and his big signal on 75 meters. It wasn’t too many years ago that most of us were content with
a ground-plane antenna on 7 MHz and a dipole (usually not too high) on 3.5 MHz. In those days some of the more
serious 40-meter buffs had two element-vertical arrays, and you might have read in one of the magazines about a few
daring souls who had 40-meter Yagi beams, but you almost certainly had never actually seen one. In recent years,
however, big low-frequency arrays and full-sized beams have become relatively commonplace, and the same rationale
for greater antenna height and size has begun to permeate 10, 15, and 20 meters. As the late Sam Harris, W1FZJ,
used to say when talking about vAf antennas, “’If it lasted through the winter, it wasn’t big enough.’” Based on the
large number of antennas which came tumbling down this past winter, perhaps we've hit the practical limit!

Jim Fisk, WiHR
editor-in-chief
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Imagine All The Places You Can Tuck
ICOM’s Remotable IC-280. (Think small)

The IC-280 2 meter mobile comes as one radio
to be mounted in the normal manner: but, as an
option, the diminutive front one third of the radio
detaches and mounts by its optional bracket,
while the main body tucks neatly away out of
sight. Now you can mount your 2 meter radio in
pint-sized places that seemed far too cramped
before,

Measuring only 2% "h x7"w x3%'d, the
bantam-sized microprocessor control head fits
easily into the dash, console or glove box of even
the most compact vehicle. Or if those places are
already taken by the rest of your “mobile shack,”
the IC-280 head squeezes into leftover nitches
under the dash, overhead, under the seat or even
on the steering column.

But don’t be misled by the petite size of this
subdivided radio: the IC-280 is jam packed with
the latest state of the art engineering and conveni-
ence features. No scaled down technology here!

With the microprocessor in the detachable control
head, your IC-280 can store three frequencies of
your choice plus the dial, which allows you to
select from four frequencies with the front panel
switch without taking your eves off the road.
These frequencies are retained in the 1C-280’s
memory for as long as power is applied to the
radio, even when power is turned off at the front
panel switch. And if power is completely removed
from the radio the 600 KHz splits are still main-
tained!

The IC-280 works frequencies in excess of the 2
meter band with ICOM’s outstanding single-knob
tuning, so you can listen around the entire band
without fooling with three tuning knobs. With
steps of 15 KC or 5 KC, the 1C-280 puts rapid and
easy frequency change at your single fingertip
an?instanﬂy displays %n‘ght, easy to read LED'S.

Avallable Options:

* Touch Tone pad/microphone combination,
which fits the mic plug on the radio face with
absolutely no modification

+15' unassembled cable kit for long distance
remote mounting of the detachable
control head

1C-280
2 meter FM, 4+ MHz
Mobile Transceiver

All ICOM radios significantly
wxceed FCC regulations
limiting spurious

1C-280 Specifications: [ Frequency Coverage: 143 90— 148 11 MH:z U Operating Conditions: Temperature. —10°C o 60°C (14°F jo 180 °F),
Duty Factor: continuous O Frequency Stabllity: = 1.5 KHe [ Modulation Type: FM (F3) O Antenna Impedance: 50 ohms unbalanced T Power

Requirement: DC 13 8V +15% (negative ground ) O Current Drain: Transmitting: 2.54 Hi (10W), 1L.2A Lo (IW), Recetving: 0. 630A al max audic
output, 0.450 st SQL ON with no signal 0 Stze: S8mm (b} x 156mm{w) x 228mmid) O Welght: approx. 2.2 Kg O Power Output: 10W Hi, IW Lo

[ Madulation Systern: Phase CIMasx. Frequency Deviation: =5 KHz O Spurious Output: more than 60 dB below carrier 0 Microphone

Specifications subject to ] e

change without notice.

ic of electret condanser type, such as the SM-2 0 Recetving Systern: Double superheterdyne Ointermediate
Frequancy: 1et 10 695 MHz, 2nd: 455 KHiz O Sensithvity: 1 uv a1 S +N /M at 30 dB or better, Nolse suppression sensitivity 20 dB, 0.6 uv of less
[0 Selecthvity: less than =75 KHzat <6 dB, less than =15 KHz at ~60 dB 0 Audio Output: More than 1L5W [ Audio Output Impedance: B ohema

DISTRIBUTED BY:

HF/VHF/UHF AMATEUR AND MARINE COMMUNICATION EQUIPMENT

ICOM WEST, INC.

Suite 3
13256 Northrup Way
Bellevue, Wash. 98005

(206) 747-9020

ICOM EAST, INC. ICOM CANADA

Suite 307 7087 Victaria Drive

3331 Towerwood Drive  Vancouver B.C. V5P 3Y8
Dallas, Texas 75234 Canada

(214) 620-2780 (604) 321-1833




RX noise bridge
Dear HR:

| found Ted Hart's letter in the
August 1978, issue of ham radio both
interesting and informative. | believe
Pappot was the first to describe the
R-X Noise Bridge (ham radio,
January 1973), but he did not refer-
ence the source for the original,
resistance-only noise bridge which he
improved.

Hart’s design, which is marketed as
the Model TE 702, is technically inter-
esting but would have an awkward
capacity readout range if modified as
indicated. Using the resistance values

he suggested, calling the fixed and
variable capacitors Crand C,, and let-
ting X represent the resistance from
the pot wiper to the upper corner of
the bridge, the conditions for balance
become:

51(100— X
R, = *1100-X)
_ X-C, _
Cu= Joo=x ~ ¢

where R, and C, are, respectively,
the parallel resistance and capaci-
tance of the unknown impedance. As
Mr. Hart stated, the resistance range
is zero to infinity. Furthermore, with a
linear taper pot, the low end of the
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resistance scale would be spread out
and the upper end compressed. For
many applications, that would be
more desirable than the linear and
finite range of the Pappot design.

Conversely, the reactance or capa-
citance range of Hart's proposed re-
actance bridge would be awkward or
unusable. Note that the estimated
value of the unknown capacitance is
affected both by the setting of the
100-ohm pot and the variable capaci-
tor. The effective capacitance range
is thus dependent upon the resis-
tance measured. Suppose, for in-
stance, that C, is a standard broad-
cast variable with a range 20-365 pF.
With Cra 180 pF capacitor, the range
for capacitance balance with
R, = 51 ohms would be — 160 pF <
C, =185 pF, which is similar to Pap-
pot’s R-X bridge as modified by
Gehrke (ham radio, March 1975). But
suppose R, were 5 ohms. Because of
the interaction between pot setting
and reactance balance, the capaci-
tance range would now be 20 pF <C,
<3470 pF. One could not even meas-
ure a pure resistance! Similarly, with
R, equal to 250 ohms, the capa-
citance range becomes — 176 pF =<
C, < — 107 pF and again does not in-
clude a purely resistive impedance.
Of course, other values could be
chosen for the capacitors, but the ef-
fect described above would still cause
the reactance range to be severely
distorted for R, values away from
50 ohms. ’

Mr. Hart also makes the point that
his model TE 702 works to over 250
MHz and that the reactance measur-
ing version thereof would yield ““a lot
more accuracy — over a wider fre-
quency range.”’ It is well known that,
with careful design, resistance-only
noise bridges can be made to work
well up into the vhf range. Adding the
fixed and variable capacitors, how-

ever, severely reduces the upper fre-
guency limit. The R-X noise bridge
Doting and | described works accur-
ately to 30 MHz, and data to substan-
tiate this claim have been published
(ham radio, February 1977). The two
commercial R-X noise bridges claim
upper frequency limits of 100 MHz.
However the manual for one of these
units suggests it may require recali-
bration for use at the higher frequen-
cies; neither makes any claim for
accuracy.

Quite independently of how the
transformer may be wound, the up-
per frequency range of the R-X bridge
is limited by residual errors in the
bridge components themselves. The
pot has stray capacitance to ground
which changes with the pot setting,
and the interconnection wires have
reactances which cannot be ignored;
most important of all, the variable ca-
pacitor has residual series induc-
tance. 2560 MHz is well above the
series resonant frequency of any
reasonable-size variable capacitor.
Severe resistance and reactance
measurement errors would start to
appear well below the resonant fre-
quency. These constraints are recog-
nized by commercial equipment de-
signers; where accuracy is required in
vhf impedance-measuring equip-
ment, bridge techniques using dis-
crete components are typically
abandoned.

| cangratulate Mr. Hart for his in-
vention, the Antenna Noise Bridge.
The R-X Noise Bridge pioneered by
Pappot was certainly inspired by this
invention. Refinements to the Pappot
unit which allow calibration and
compensation without access to lab
standards make the R-X bridge a very
useful device for accurate measure-
ments in the high-frequency range.

R. A. Hubbs, W6BXI
Orange, California



S-180S with DFC*
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QEWE Digital Frequency Control

...a Kenwood innovation for maximum
HF operating enjoyment!
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Kenwood's TS-180S with DFC is an all solid- « B
state HF tranceiver designed for the DXer, disy
the contest operator, and all other Amateurs

who enjoy the 160 through 10-meter bands.

The following features prove, beyond doubt,

that the TS-180S is the classiest rig available!
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Still available...
Kenwood's TS-B205S HF transceiver.

KENWOOD

paceselter in amateur radio

TRIO-KENWOOD COMMUNICATIONS INC
1111 WEST WALNUT 'COMPTON, CA 90220
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"RESTRUCTURING,'" DOCKET 20282, was terminated by an FCC order released late March.

The Uommissioners lefit the door open for further action on the unresolved portions of
the Docket. Noting that previous Report and Orders on 20282 had tightened up licensing
procedures, but expanded Novice and Technician privileges, the Commission reaffirmed its
support for some form of no-code entry level '"Communicator Class' license despite its
rejection by the Amateur community when proposed four years ago.

"We Hope To Revisit this matter later this year in a new Rule Making proceeding,' the
Commission continued, noting that Amateur Radio had grown by almost 50 per cent (much of
that from CB ranks) in the past four years, so Amateur attitudes toward ''mo-code' may
have changed. Continued Commission endorsement for "no-code" is well evidenced by their
inclusion of relaxed code requirements in the proposals for WARC.

The Proposal To Base Power Limits on output measurements is also still high in Commis-

. sion Iinterest. However, that subject is also being shelved for the time being while en-
couraging "Amateurs, in the interim, to develop and disseminate data which could be used
as a basis for a workable and state-of-the-art measurement technique."

431-433 MHz Will Remain "off-1limits" to ATV repeaters, the FCC decided at another
March meeting. Responding to two Petitions for Reconsideration on Docket 21033, the Com-
missioners noted that protection for weak signal and satellite operation was appropriate,
but ATV repeater operators would always have the option of requesting a waiver. If the
operator could establish a need for repeater operation in the protected segment, while
showing his operation would not interfere with weak signal work there, such a request for
waiver would be granted.

EFFECTS OF CB-ANTENNA RADIATION on the bodies of nearby people is being investigated
by the Department of Health, Education and Welfare. The first study, published in a
24-page booklet titled '"Measurement of Electromagnetic Fields in Close Proximity of CB
Antennas,'" discusses bumper, trunk lid and rooftop-mounted mobile antennas as well as
those on hand-held units. Near field radiation distribution of each type is presented
graphically, in an attempt to determine what hazard, if any, radiation presents.

The Study Concludes: "The health implications (of CB-antenna radiation) are not clear
at this time. The Bureau of Radiological Health is continuing to investigate this matter.
HEW is obviously quite concerned with the effects of RF on the population, and with Ama-
teurs running 200 times the power of CBers on frequencies from 1.8 MHz through millimeter
wavelengths, our operations are sure to come under careful scrutiny as well — if they
haven't already.

A 900-MHZ AMATEUR BAND will be enjoyed by Canadian Amateurs sometime later this year,
possibly as early as this summer. An announcement by the Department of Communications
of the reassignment of 420-430 MHz to another service is considered imminent, and at the
same time the granting of 902-928 to the Amateur Service on a shared basis should also
be announced.

The Movement of that as yet unspecified "other service" to the presently Amateur
420-%30 MHz slot is expected to take place rather quickly. When Canadian Amateurs will
be permitted into their new frequencies is less certain.

INTERNATIONAL SUPPORT for new Amateur HF bands at 10, 18, or 24 MHz seems to be build-
ing, with formal submissions supporting one or more of the new slots now confirmed from
all three ITU regions. Don't be in too much of a hurry to swap off your present five or
six band radios, however. Even if the WARC does authorize new bands for the Amateur Ser-
vice next summer, it will likely be a number of years before present users can be moved
out and Amateurs will be permitted to move in.

"UOSAT" — THE UNIVERSITY OF SURREY SATELLITE — will include a voice synthesizer to
provide telemetry transmissions in plain English, a 4,000 character datascore capability,
and a slow-scan TV camera for live cloud-cover pictures. Educators who've heard about
the sophisticated bird are reported very enthused about its classroom possibilities.

PROHIBITION OF RADIO TRANSMISSIONS in residential areas is being considered by the
Oregon State Senate. Senate Bill 473, sponsored by Senator Ted Hallock of Portland, pro-
poses sharply restricting all electromagnetic emissions in residential areas.

In Testimony Favoring the bill Merrie Buel, povernment affairs coordinator for the
Oregon Environmental Council, said that medical studies "have found that persons living
next to electromagnetic sources often experience serious health effects, including rashes,
headaches, dizziness, and tingling sensations.”

Power Transformers and transmission lines as well as radio and TV transmitters would
be curtailed under the bill's provisions, though Senator Hallock and members of the
Senate Committee on Environment and Energy have been discussing removing transmission
lines from its coverage.

FIRST WORKED ALL CONTINENTS ON 2 meters was completed January 31 by GW4COT, when he
succeeded in working VK5MC via moonbounce at 1132Z.

A New 6-Meter DX Record of 12,059 miles was set in early March when LUBAHW and HL9TG
made contact at 0O000Z. The same evening several VK4s worked WA4TNV/KL7, while ZB2BL
heard the Brazilian beacons but was unable to make himself heard through JA/LU QRM!
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quads vs yagis revisited

The author attacks
an old question

in a new way

by actually measuring
the relative gain

of high-frequency
quads and Yagis
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Which is the better antenna — a cubical quad or a
Yagi? That question has aroused Radio Amateurs’
emotions for more than thirty years now, and
remains controversial in spite of the great volume of
published research and analysis.

It has been a decade since Jim Lindsay published
his classic work on quads and Yagis, 1.2 presenting
both theoretical and empirical data to support his
conclusion that the quad was in many ways the bet-
ter antenna. He concluded that a quad of any length
would outperform a similar size Yagi by 2 dB in for-
ward gain. Basing his findings on model quads and
Yagis operating at 440 MHz, Dr, Lindsay said that it
was necessary for the Yagi to have 1.8 times the
boom length of a quad to equal its forward gain.

At the time of its publication, Lindsay's study
seemed conclusive, but in the years since the issue
has refused to die. The question has now been sub-
jected to computer modeling, which produced data

By Wayne Overbeck, N6NB, Pepperdine
University, Malibu, California 90265



supporting Lindsay;3 this was followed by a rejoinder
from the owner of a highly successful Yagi-based
contest station who pointed out sigificant errors in
the modeling techniques.4 That was followed imme-
diately by a reply from the authors of the computer
modeling study in which they conceded their errors,
but stood by other parts of their work.

Meanwhile, Hardy Landskov, an antenna experi-
menter with a very pragmatic goal (to build a cubical
quad that would be truly competitive in radio con-
tests), spent many hours experimenting on anten-
na range owned by the United States Navy.5 He
came up with a design that the first user rated
""good”’ on 20 meters and ‘‘excellent’’ on 15 and 10,
in comparison to Yagis with which he’'d “slugged it
out” in pile-ups. During his antenna range work,
Landskov built one 336-MHz Yagi and tested it
against his quad design. He found the two equal in
gain, although the Yagi was 1.65 times the quad’s
length.

popularity contests

The quad-versus-Yagi question has been argued
with anecdotes, testimonials, and hunches, as well
as with theory and quantification. Intuitively, some
quad builders have concluded that their antennas
were just not 2 dB better than similar-size Yagis.
Others have reached the opposite conclusion by
trusting the same intuitive sixth sense.

Moreover, one need only survey the antennas
used by the consistent DX contest winners to see
that Lindsay’s conclusions remain controversial.
Although there are notable exceptions, the great
majority of big winners in DX contests today are
using Yagis, not quads. If a quad is equal to a Yagi
nearly twice its size, how could this be? Obviously,
anecdotes, testimonials, and popularity contests,
taken alone, prove nothing about the merits of the
two antennas. But they do suggest that the issue is
unresolved and deserves further study.

In an attempt to resolve this issue, |'ve spend hun-
dreds of hours measuring the performance of quads
and Yagis in both the high frequency and vhf spec-
trum and have encountered considerable evidence
that the cubical quad is not inherently superior to the
Yagi.

This seems to be particularly true below 100 MHz,
However, there are potential variables that may
sometimes bias the results of uhf modeling in favor
of the cubical quad.

what happens at uhf?

My quads-and-Yagis project really began as an
attempt to develop an efficient antenna for the 432-
MHz Amateur band. In 1970, | bought a 432-MHz
Yagi of the only brand then commercially available,

and optimistically took it to an antenna gain measur-
ing session at the West Coast VHF Conference. The
gain was measured at 6.4 dBd (dB over a dipole) — a
shocking figure compared with the manufacturer’s
claim of 13+ dBd. What was wrong?

The element lengths and spacing seemed accept-
able, if not optimum, and the SWR was below 1.5:1.
Nevertheless, | finally replaced the driven dipole with
a quad-type full-wave loop. The gain improved to
almost 10 dBd {as measured at the next West Coast
VHF Conference).

That led to the next logical step. | set up a back-
yard antenna range and set out to design a good 432-
MHz cubical quad. After many frustrating hours, |
decided | couldn’t come up with a combination of
element lengths and spacing that would beat the
hybrid quad-driven Yagi at 432 MHz. Up to four ele-
ments, the quads were competitive, but beyond that
the quad-driven Yagi was better.

Note that | said | couldn’t design a quad that would
beat the hybrid. A mere 4-element quad was superior
to the original 11-element Yagi with its “‘stock’ driv-
en element on 423 MHz, even though the quad was
less than half the Yagi’s length!

Finally, of course, | gave up on the quad and set
out to optimize the quad-driven Yagi. Many hours
and many designs later, the design that has come to
be known as the Quagi emerged. Since the original
publication of that design,6.7 the Quagi has been
duplicated all over the world, with the design pub-
lished in Amateur journals in such diverse countries
as the Soviet Union, South Africa, and India!

At about the same time, a D'anish scientist working
in an anechoic chamber also observed the phenome-
non that led to the Quagi antenna. He was working
with antennas that combined loop driven elements
and reflectors with three types of parasitic directors
— loops, Yagi-type rods, and flat plates.8 He
reported that for long-boom arrays (over two wave-
lengths), the loops were the /east effective directors,
although the difference was never greater than 1 dB.

free dB?

When the Quagi design was published, many
Amateurs assumed its main advantage was a ‘‘free”’
2 dB of extra ““loop gain,” and that the gain of any
Yagi could be improved 2 dB by replacing the driven
element with a full-wave loop. This is not the case,
unless the original dipole is less than adequate.

For instance, while the gain of the 432-MHz Yagi
previously mentioned increases dramatically when
the dipole is replaced by a loop, the same is not true
of the 144-MHz version of that antenna. Replacing
the two-meter model’s dipole with a loop results in
almost no change in gain. At that frequency, it would
appear the gamma-matched dipole is still a reason-
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fig. 1. Relative gain measurements for 20, 15, and 10 meters. (A) shows 20 meters, (B} 15 meters, and (C} 10 meters. The top
curves on 20 and 15 meters are for a Yagi which is at a greater height than the reference antenna. They were included only for

general information, not for direct comparison,

ably efficient driven element. Nor does the Quagi’'s
driven loop automatically ensure it 2 dB more gain
than similar-size Yagis that have solved the feed
problem in other ways. At 432 MHz, two of the 15-
element Quagi’'s toughest competitors in antenna
gain competitions are the KLM 16-element /og-peri-
odic-driven Yagi, and the F9FT 21-element array,
which has a large oval-shaped folded dipole some-
times called a ‘‘flattened quad.’’ What the vhf Quagi
offers is the gain of a long-boom Yagi with an effi-
cient driven element that can be easily duplicated
using tools and materials readily available to Ama-
teurs. It does not offer 2 "'free’’ dB.

When most Radio Amateurs, and some commer-
cial antenna builders, set out to build a conventional
Yagi for uhf, the result may well be disappointing.
Anyone who has attended a few antenna gain meas-
uring sessions at vhf conferences has seen seemingly
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“there is a commercial “loop-Yagi’

well-built 432-MHz Yagis measure very low gains,
despite all indications that they should work well
(i.e., good SWR, good E- and H-plane patterns, and
so forth).

At 1296 MHz, building an efficient Yagi is even
more difficult, and no commercial manufacturer cur-
rently attempts to do so for the Amateur market. But
* available, an
effective antenna of quad-type full-wave loops. For
whatever reasons, quads seem to retain near-high-
frequency efficiencies at higher frequencies than do
conventional Yagis.

Nevertheless, in previous comparisons of quads
and Yagis, much has been rnade of the results of uhf
modeling, with authors sometimes citing the sophis-
tication of their antenna ranges as evidence of the
validity of their results. Now no one would question
the principle of uhf modeling for designing antennas.
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All of my antennas were experimentally optimized
that way. One can derive good element spacings and
lengths, and scale those values to lower frequencies,
as long as frequency-related variables such as chang-
ing length-to-diameter ratios are not overlooked.

However, quad-versus-Yagi studies are a little dif-
ferent. Here someone is generalizing about the com-
parative performance of two different antennas at
high frequencies on the basis of the comparative per-
formance of uhf models of those antennas.

You can not consider it good engineering practice
to compare two power transistors, for instance, at
one frequency and then generalize about their rela-
tive performance at another frequency an order of
magnitude removed. But our assumptions about
quads and Yagis have been based largely on just
such extrapolations! Those assumptions would be
valid if quads and Yagis were equally efficient at high
frequency and uhf (or declined in efficiency at the
same rates). However, with antennas that exist in the
real world, as with other rf-handling components,

there may well be frequency-related variations in effi-
ciency.

All one can really say, after a series of uhf experi-
ments comparing quads and Yagis, is something like
this: ““These particular quads outperform these par-
ticular Yagis {or vice versa) in this frequency range.”
The fact that uhf modeling (including mine) tends to
produce pro-quad results does not necessarily settle
the matter on the 10- 15-, and 20-meter bands.

high frequency experiments

With these questions about comparative antenna
data from 400 to 14 MHz in mind, | felt it was time to
attack the quad-versus-Yagi question in a new way,
by actually measuring the gain of quads and Yagis in
operational high frequency installations.

Using the measuring techniques described in a
previous article,9 | have rated the gain of several large
20-, 15-, and 10-meter antenna systems in fig. 1.
Briefly, the technique involves placing a directional
reference antenna alongside each antenna to be
tested (at the same height) and reading the strength
{in dB) of a nearby signal as received by each anten-
na. The signal source is a directional antenna of the
same polarization as the test and reference antennas,
located at least 40 wavelengths, but not more than
about 5 km distant. The receiver agc is disabled and
its audio feeds a Hewlett-Packard 400L audio
voltmeter.

How do you place a reference antenna beside vari-
ous antennas that may be 70 or 80 feet in the air? The
answer, of course, is a self-supporting crankup tower
on a trailer. | just happen to own not one but two
such monsters; they were built for portable contest
operating.

As a reference antenna, | selected a 2-element tri-
band Yagi (Hy-Gain TH-2) because reference dipoles
sometimes ‘‘see’’ reflections that can produce mis-
leading results when a more directional antenna will
not. All results are relative to the 2-element tribander.
Its gain was assumed to be 5.0 dBd at its center fre-
quency on each band. If that gain rating is too high
(or low), all the other numbers will be incorrect on an
absolute scale, but correct in relation to each other,
which is what really matters for our purposes.

20-meter results

If the cubical quad antenna was to look good any-
where, 14-MHz turned out to be the place. Among
the antennas | measured was the 6-element quad
{8 elements on 28 MHz) at WB6HSG. It has a
14.6-meter (48-foot) boom. Patterned after Land-
skov’s design but with a second reflector (added
because quad pioneer C.C. Moore advised WBBHSG
that a second reflector would surely provide more
coupling, and hence more gain and front-to-back
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A 5-element, log-periodic-style, KLM 20-meter monobander.
The author’s reference tribander is positioned beside the an-
tenna, which is owned by N6PD. This KLM monobander had
the highest measured gain of any 20-meter antenna (tested
at the same height as the reference) over much of the phone
band, but trailed the larger WB6HSG quad on CW.,

ratio, than another director), the antenna is impres-
sive in both appearance and performance.

As fig. 1 shows, this quad outperformed any Yagi
tested (except a much higher one) over much of the
20-meter band. (The higher antenna is KEBNA's 5-ele-
ment log-periodic Yagi at 32.3 meters (106 feet). It
was included for general information, but not consid-
ered a part of the study. Note how it compares with
an identical Yagi owned by N6PD which was at the
same height as the reference antenna.)

It should be pointed out that only one Yagi, an
array surrounded by wires and other towers at
W6HX, was as big as the quad at WBBHSG. If Lind-
say’s thesis were correct, WB6HSG's quad would be
expected to beat all of these Yagis by at least 2 dB. In
fact, the 12.2-meter (40-foot) log-periodic Yagi that
was 21.3 meters (70 feet) high topped the bigger
quad in much of the phone band.

Aside from the performance of WB6HSG's quad
on 20 meters, these tests consistently produced data
favoring the Yagi design. In no other case did the
long-boom quads even equal the gain of comparable
size Yagis, let along exceed their gain by anything
like 2 dB.

An interesting example is the 4-element quad at
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K6NA, which has a 9.1-meter (30-foot) boom and
uses Lindsay's spacing. KENA (ex-W6MAR) has long
been concerned about the quad’s seemingly poor
performance. In fact, its apparent mediocrity pro-
vided inspiration for Landskov’s attempt to optimize
the quad design. This is the quad Landskov specifi-
cally cited as an example of a poor performer in his
article.

After Landskov's research was completed, KENA
took the quad down and moved to a new home.
When put back up, the quad retained the original
spacing but used Landskov's dimensions for the ele-
ments (which differ from Lindsay's mainly in that the
percentage differences between the driven and para-
sitic elements are greater). For whatever reason, the
data in fig. 1 show that it still performs poorly. Both
Landskov’s larger quad design (as adapted by
WB6HSG) and a number of Yagis proved to be sub-
stantially better than this quad.

On 20, even my 2-element quad was disappoint-
ing, comparing unfavorably with the 2-element trap
tribander (on a 2-meter |6-foot] boom) used as a ref-
erence!

15-meter results

On 15 meters (fig. 1B), the results were much the
same, except that my 2-element quad squeaked past
the reference tribander by 0.25 dB across most of the
band. Neither big quad matched my 5-element Yagi
on a 10.4-meter (34-foot) boom. At one embarras-
sing point (21.250 MHz), KENA's 4-element quad fell
to within 0.1 dB of the gain of the 2-element trap tri-
bander.

Both WB6HSG's and KENA's quads appeared to
be resonant below the bottom of the band. Since
both were cut to Landskov’s dimensions and also
provided their best SWR at 21.0 MHz, it appears his
dimensions are too long on this band. WB6HSG has
since shortened all his 15-meter elements and reports
a much better SWR and front-to-back ratio in the
phone band.

As on 20 meters, KBNA's higher Yagi was tested
and plotted on 15, but the results are not considered
comparable. Still, an antenna like that helps to
explain KBNA's success in contests, doesn’t it?

10-meter results

On 10 meters (fig. 1C), my 2-element quad finally
behaved like an antenna without traps, topping the
little tribander by up to 1.5 dB. Nevertheless, fig. 1C
could not be used to support Lindsay's thesis. The
top curve is a commercial 5-element Yagi on a 7.9-
meter (26-foot) boom, little more than half the boom
length of WBBHSG's big quad. Incidentally, this Yagi
was measured directly against the big quad. After |



compared the quad against the reference tribander, |
lowered the portable tower and put up the 10-meter
Yagi. The Yagi had the edge at every point in the
band where we took a reading {(each 100 kHz).

K6NA's quad was consistently 2 to 2.5 dB down
from the smaller Yagi. It did, however, outperform a
5-element Yagi at W6HX, but that antenna was
known to be defective before my measurements,
perhaps due to driven element problems. For contest
work W6HX uses another 10-meter Yagi considered
to be ‘1 to 2 S-units better,”” but that antenna could
not be measured due to logistics problems.

front-to-back ratios

Another claim often made for the cubical quad is a
superior front-to-back ratio. The emphasis in the pre-
vious tests was on forward gain. We did measure the
front-to-back ratio of WBBHSG's long quad on 10
meters, since he felt it was particularly good on that
band. It varied from 18.2 dB at 28.4 MHz to an excel-
lent 28.1 dB at 28.8 MHz. For comparison, the
source antenna for those tests, a Hy-Gain TH-6 tri-
bander at NBMB, was rotated. Its front-to-back ratio
varied from 19 to 25 dB across 10 meters.

While this test did not show the long quad to be
dramatically superior to a tribander in front-to-back
ratio, comparing my 2-element quad against the ref-
erence 2-element tribander did reveal a substantial
edge for the quad. On all three bands, the quad
exhibited in excess of 20 dB while the tribander never
exceeded 14 dB.

high and low quads

When this data was first presented at a meeting of
the Southern California DX Club, two questions were
raised that led to additional research. First, someone
pointed out that virtually everything | had done was
at a height of about 21.3 meters (70 feet). A quad

table 1. Test results for different 50-MHz monoband quads vs a 5-
element Yagi.

gain over

antenna reference

4-element fong-boom quad, 5.3-meter (17.5-foot} boom —-0.65dB
4-elementMachin ‘optimum’’ quad, 4.5-meter(14.75-foot)boom —0.85dB
5-element quad, Landskov design, 2.7-meter {9-foot) boom -0.90dB
3-element quad, 0.21) spacing, 2.5-meter {8.33-foot) boom -1.05d8
4-element quad, Lindsay design, 2.6-meter (8.5-foot) boom —1.55dB

antenna height — 1.5 wavelengths

source — 3-element Yagi at various points on a nearby hill, with vertical
angles ranging from 0 to 9 degrees up from the site

reference — 5-element Yagi on a 4.3-meter (14-foot) boom, rated at 0 dB
reference -

relative strength variation from 0 to 9 degrees vertical angle — + 0.3 dB
relative strength variation when reference and test antennas are placed on
opposite towers — <0.15dB

really comes into its own is at low heights,’”” someone
suggested.

Almost everyone who has written about quads has
denied that a quad provides a lower angle of radia-
tion than a Yagi.'0 Nevertheless, | set up two 21.3-
meter {70-foot) towers side by side near a body of
salt water (at the Ventura marina) to test the relative
performance of a quad and a Yagi at high and low
heights. The over-salt-water site was selected to
eliminate the possibility of actual ground being so far
below the earth’s surface as to invalidate the exper-
iment.

The result was conclusive; the relative perform-
ance of the quad and Yagi was exactly the same at
both 7.6 meters (256 feet) and at 21.3 meters (70 feet)!
This was true on zero-angle line-of-sight signals,
high-angle ‘‘short skip,”” and on long-haul DX sig-
nals. There was no height at which the quad'’s rela-
tionship to the Yagi changed. The curves rating the
two antennas could have been derived at any height
between 7.6 and 21.7 meters (25 and 70 feet).

main-lobe centered tests

The other major question raised by the SCDXC
members was really twofold: 1) my results might be
invalid because | had been testing triband quads
against monoband Yagis; and 2) my antenna ranges
were, in effect, ‘‘ground-reflection’” ranges, but |
was measuring signals at zero degree angles rather
than up in the middle of the main lobe.

To determine if these factors were significant in
my research, | set up another experiment. | selected
a cleared construction site where the soil had just
been leveled, a site on flat land about 500 meters
from the foot of a hill. The vertical angle to the hilltop
was about nine degrees, according to AA6DD’s tran-
sit. Roads traversed the hill at several elevations, per-
mitting tests at other radiation angles between zero
and nine degrees.

| chose 50 MHz for these tests in a tradeoff
between the desire for results applicable to the high
frequency spectrum and the desire to work with
antennas having manageable dimensions. Since the
construction methods, element and boom diameters,
and wire sizes were essentially the same as those
used at 14 MHz (as a percentage of the respective
wavelengths), the results here would be expected to
be similar to those in the upper high frequency
bands.

| prevailed upon AAGDD and K6LPF to spend an
afternoon and evening on the hilitop. Then AA6DD
spent another day moving up and down the hillside,
always with a 3-element, 50-MHz Yagi mounted on
his car as a signal source.

These 50-MHz tests were interesting in several
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Leafless trees give this photo of the antenna farm at WEHX
an eerie feeling. At the upper right is the reference tribander
positioned to match the height of one of the W6HX anten-
nas for the gain comparisons.

respects. First, there was virtually no difference
(+0.3 dB) in the comparative performance of the
quads and Yagis tested at the various vertical angles
from zero to nine degrees. In view of what has been
previously written (and what | found) about the simi-
larity of the vertical angle produced by quads and
Yagis at any given height above ground, this result
would be expected. It indicates that measurements
can indeed be made with a local signal source (arriv-
ing at or near zero degrees) to produce results valid
at higher angles, as long as the test and reference
antennas are at the same height.

Perhaps the most interesting thing about the 50-
MHz tests was the opportunity to compare a variety
of well-known quad designs in a monoband configu-
ration with a good 5-element Yagi as an on-site ref-
erence.

The results are summarized in table 1. The Lind-
say and Landskov designs are those described in the
articles already cited. The Machin "optimum’’ quad
is a design recently published with the claim that it
represents the true optimum spacing for quad
arrays.!! The Machin spacing is 0.15 X reflector to
driven element, 0.30)x driven to first detector, and
0.30N driven to second director. The longest 4-ele-
ment quad is an outgrowth of my 432-MHz experi-
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ments. Its spacing is conventional (about 0.21))
except between the first and second directors, where
itis 0.49\! | used Landskov’s element dimensions for
this antenna. The 3-element quad is spaced 0.21)\
and uses Landskov's dimensions,

In all cases, the element lengths were scaled from
the original designs by determining the percentage
differences from the driven elements and then apply-
ing those percentages to an experimentally derived
correct length for a 50.1-MHz driven loop.

50-MHz summary

In these tests, monoband quads with short booms
(up to about 0.5 wavelength) did indeed approach
(but not equal) the gain of a longer Yagi. However,
increasing the boom length still did not produce any
quad that equaled the reference Yagi.

Neither Machin's long-boom quad nor mine deliv-
ered enough gain to justify its size. For all practical
purposes, Machin's quad is identical in gain to the far
smaller Landskov design, casting doubts on his claim
that he has discovered the ynique optimum design
for a multi-element quads.

In fact, for an Amateur who could not accommo-
date a long-boom Yagi on his real estate, the Lands-
kov quad design would seem to offer an excellent
compromise. In this monoband version, it fell only
0.9 dB short of the 5-element Yagi. For comparison,
a 20-meter Landskov quad is 9.75 meters (32 feet)
long, while the Yagi would be 15.85 meters (52 feet)
long.

Another good design appears to be the relatively
wide-spaced 3-element quad shown in table 1. On
14 MHz it would fit on a 9.1-meter (30-foot) boom; it
delivers excellent gain for its size and boom length.

It should be emphasized again, however, that
these are monoband quads. The high frequency
study indicated that the same results are difficult to
attain in multiband configurations. And given the
mechanical problems inherent in stacking monoband
quads for several bands (with an acceptable stacking
distance between the top of one quad and the bot-
tom of the next higher one), stacked monoband
Yagis still look pretty good for high performance on a
variety of high-frequency bands.

about trap tribanders

If this field research suggests that long Yagis are
the most consistent high-performance antennas for
serious DXers and contest operators, where does
that leave the thousands of Amateurs who use trap
tribanders? How good are these multiband Yagis?

To find out, | set up two manufacturers’ top-of-
the-line tribanders side by side. Using the same test
procedures as in the other high-frequency experi-



ments, | ran gain curves on the two big tribanders.
Then | replaced one tribander with the original refer
ence TH-2 and repeated the experiment so the gain
of the two big tribanders could be plotted on the
same chart as the other antennas tested.

Perhaps the most notable conclusion, and the
least controversial, was that these big tribanders sac
rifice bandwidth for multiband coverage. Both were
adjusted for phone band operation, using the fac-
tory-specified dimensions, and both exhibited drastic
gain fall-off in the CW bands.

The results of the comparison produced no clear
cut answer for the Amateur who asks, ““Which
should | buy?’’ Tribander number 1 was much better
on 20 meters, but slightly inferior on 15 and very
inferior on 10. The poor showing on 10 can be
explained in part by the owner’s choice of the “high
length settings, but even at 29.4 MHz it was

phone

only 1.4 dB better than the reference TH-2, which
was tuned much lower in the band! In fact, except
for a couple of instances, the big tribanders exhibited
very little gain above the two-element reference tri
bander! And both tribanders were markedly inferior
to the monoband antennas, even in that very narrow
range of frequencies where the tribanders hit their
peak performance on each band.

None of this is new or surprising information, of
course. But a look at the antenna gain charts could
provide a dramatic illustration of the compromises
involved in trap tribanders! If your goal is to keep in
touch with friends and do some casual DXing, a tri-
bander is fine. But if you want a first-rate signal, a
trap tribander isn’t the answer!

conclusions

These field experiments are by no means the last

Another source of big signals, N6NA (ex-WEMAR). At the left is the stack of Yagis which look as good on the gain plots as they
do in the air. The 20- and 15-meter Yagis are considerably higher than the reference tribander, rendering the gain figures on these
big beams invalid for comparison purposes. In the center is the 4-element quad, a source of much head scratching because of its

questionable performance.
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ones |'ll undertake to compare working quads and
Yagis on the high-frequency bands. Any judgement
at this point is necessarily tentative, subject to revi-
sion as more data is produced, but the following con-
clusions are justified:

1. Cubical quads do not “‘come into their own’’ at
low heights. At any given height, the vertical angle of
radiation of quads and Yagis is virtually identical. The
old idea that quads are better low-height performers
than Yagis should be recognized as the myth that
itis.

2. As the frequency is increased into the uhf
region, the performance of cubical quads and Yagis
may not deteriorate at exactly the same rate, given
the mechanical differences between the two designs,

particularly their driven-element configuration. This
creates difficulties that must be accounted for if you
wish to generalize about the relative performance of
the two antennas at the high frequencies on the basis
of uhf modeling.

3. While it may be possible to design a high-fre-
quency cubical quad with a long boom that will out-
perform a similar size Yagi by 2 dB as Lindsay sug-
gested, no quad | tested approached that level of
performance. In few cases did a quad of more than
two elements even equal a comparable-size Yagi.
The 50-MHz tests illustrate the difficulties of achiev-
ing gain increases, when a quad’'s boom is length-
ened, that equal the gain increases normally found
when a Yagi's boom is increased. In fact, the quad

High and low antennas by the sea. Each antenna is on a trailer-mounted crankup tower beside a salt-water marina, ensuring an
electrical ground near the surface. Regardless of the height, the relative performance was identical.
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The enigmatic quad. This 4-element quad at KENA, because
of its mediocre performance, inspired Landskov’s efforts to
develop a competitive long quad. Now modified to Land-
skov’'s dimensions, it remains so marginal that the refer-
ence 2-element tribander nearly topped its gain midway
across 15 meters. Were the reference beam a 3-element trap
tribander, it would have probably matched or beaten this
quad across all three bands.

seems to be at its best in two- and three-element
designs.

The data presented here would support a conclu-
sion not far afield from the assessment of quads ver-
sus Yagis in Bill Orr's original work on the subject
some 15 years ago.'2 In that first edition, Orr said
that a 2-element quad was superior to a 2-element
Yagi, but that larger quads were inferior to compar-
able-size Yagis.

In his 1970 edition, Orr qualified that conclusion
considerably, and his latest antenna book, published
in 1978, 13 says flatly that quads are 2 dB better than
Yagis. The new work has a “truth table” that simply
rates the 4-element quad at 12 dBd and the 3-ele-
ment quad at 10, with the corresponding Yagis 2 dB
lower!

Neither our tests at 50 MHz, nor the 10-, 15-, and
20-meter tests at KENA (both tests involving quads
almost identical to the 4-element design in Orr's new
book), would support that conclusion. | have yet to
see a 4-element quad deliver 12 dBd gain or anything

close to it on any frequency, or to outperform a well-
designed 3-element quad by 2 dB, for that matter.

Perhaps there really is a high-frequency cubical
quad out there somewhere that delivers 2 dB more
forward gain than a well-designed Yagi of the same
boom length, a quad that does what Orr, Lindsay,
and others say a quad will do. Perhaps, but | tested
quads built to the most popular published dimen-
sions by respected Radio Amateurs and none of their
antennas came close to beating a comparable-size
Yagi by 2 dB. In many instances, even trap tribanders
were comparable to quads of similar boom lengths,
with full-size Yagis far better than either!

To those who still believe in the superiority of the
quad antenna, | offer a challenge — bring me a high-
frequency quad of four or more elements that you
believe outperforms a comparable-length Yagi. I'll
provide two towers in an open field for the side-by-
side tests. If your quad really delivers 2 dB more than
my Yagi, I'll publicly recant the conclusions present-
ed in this article.
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errors and
corrections

How to determine

the effects of

stray reactance

in rf impedance
measurements and how to
compensate for them

The current interest in various commercial and
homemade impedance-measuring devices which
measure both the real and imaginary components of
impedance certainly represents progress toward
higher-performance antenna systems. To attain the
level of accuracy that these devices. can deliver, how-
ever, it is necessary to appreciate the sources of error
than can creep into a test setup and then correct for
these errors. Unfortunately, few Amateurs seem
aware of these problems, and consequently they
accept their bridge readings as gospel.

Basically, there are two sources of error: those
external to the measuring device {usually stray capa-
citance, which will cause any impedance-measuring
device to read low), and those within the measuring
device itself. Even the prestigious General Radio
916/1606 family of rf bridges has systematic errors
which must be corrected for if accurate results are to
be obtained. | was unpleasantly surprised when |
finally got around to working out the predictable
errors in my measurements.

benefits of bridge corrections

A user of an impedance-measuring device may
ask, ““Why go to all the trouble of calculating correc-
tion factors?’’ First of all, it does not take that much
additional effort. If you want accurate measure-
ments, you are going to spend a fair amount of time
and effort putting together a good test setup; the

rf impedance bridge measurement

In addition, you can get a great deal of personal
satisfaction when your measured data falls right
where the textbooks say it should. When this hap-
pens to me, | feel as though | really understand what-
ever | am working on and am really the master of it.
This feeling of accomplishment is probably why |
experiment in the first place — that and curiosity.
Finally, when you are sure of your measurements
and then get unexpected results, you can explore the
device with a lot more confidence.

In the material-that follows, | will discuss in detail
the error caused by stray capacitance and give a cal-
culator program to correct this error. | will briefly dis-
cuss instrumentation errors and give a procedure for
calibrating a measuring instrument; discussions of
calibration will necessarily .be in outline form since
the many types of instruments in general use will
each require slightly different calibration procedures.

stray capa citance errors

The effect of any stray reactance, either capacitive
or inductive, shunted across an impedance is to low-
er the apparent value of that impedance. Consider
the impedance Z, = R,+jX, in fig. 1 with a reac-
tance jX, shunted across it. In the discussion that
follows, | will assume that all reactances are induc-

o

Rx

Zm=Fim 2+ jXm —> * jXa tXx

o

fig. 1. Diagram showing the stray reactance t X shunted
across an unknown impedance Z, = R, t jX,. The text pre-
sents equations for compensating for the effects of + X .

tive (positive), as this simplifies the problem of alge-
braic signs. When a conclusion is reached, | will
explain the changes, actually very minor, which are
necessary for negative reactances.

In fig. 1, R, and X, are the real and imaginary
parts of the unknown impedance. The shunt reac-
tance is represented by jX, and is presumably
known, or at least estimated. The resulting impe-
dance formed by Z,| |jX, (the parallel bars | | should

additional time and effort to punch numbers into a By John J. Nagle, K4KJ, 12330 Lawyers Road,
calculator is minor. Herndon, Virginia 22070
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be read "in parallel with”’) is given mathematically by
the well-known ‘‘the product divided by the sum”
rule:

JXa(Ry+5Xy)

Zm = R+ 70X, + X

After rationalizing the denominator by multiplying
both numerator and denominator by the conjugate of
the denominator, the separation of the results into
real and imaginary parts followed by equating the
real and imaginary parts gives

Rxxaz

= Ttxfa” {1
R + (X + X,)?

m

— Xa[RxZ‘ Xx(xa + Xx)]

Xm = T RIT (Xt X2 2)

In actual practice, R,, and X,, will be read from the
bridge, so will be known. The stray reactance will
also be known, or at least estimated. R, and X, are
the unknown guantities. It will therefore be desirable
to solve egs. 1 and 2 for R, and X,. The algebra is
rather involved, so | will just give the results:

R, = (3)
; (1-%2)7 + (Bn)?
X, . Xa
R,2 X,?
ra- gl - o

Xy = X R (4)
1_ m + m
=%+ ()

If the stray reactance is capacitive, X, will be
negative, so that a negative sign should be used in
the above equations with X,; the same holds true for
X If there were no stray capacitance, X, would be
infinite, sothat R, = R, and X, = X,,.

Egs. 3 and 4 do not require great mathematical
ability to solve, but the algebra is tedious when done
by hand, even with a pocket calculator. A program
can be written for a programmable calculator, how-
ever, that eliminates much of the burden (and many
chances for mistakes). An HP-25 program to solve
these equations is shown in fig. 2,

It will be seen that while the external corrections
may be minor when working with low-impedance
networks at low frequencies, the errors increase at
higher impedances and higher frequencies. The illus-
trative example given in the HP-25 program shows
that a correction of about 5 per cent in resistance and
the correction of the reactance term completely
changes sign from negative to positive. This example
is based on an actual measurement | made on an ex-
perimental balun. If | had tried to correct a negative
reactance in the balun when the reactance was actu-
ally positive, it is obvious | would have been wasting
my time! A situation like this can be very misieading.

Two final comments are in order: First, while shunt

HP-25 Prcgram

SWITCH TO PAGM MOOE, PRESS (1) [FRGM], THEN KEY IN THE PRAGRAM

DiSPLAY EvoRY
UnE] CoDE enTRY X Y Z T T REMARKS REGISTERS

sz [
_ 2L gXewy 4
00 __[RcL @ |
X_
/X

e —J (A3 &a/xs __ ]

denominator |
T2

JANSWER: | T Rx =[104.895 [ohms |~
Xy =[ 10.896 [ouhms

S )

fig. 2. H-P 25 program for solving the stray reactance effects
given by egs. 3and 4. The program also calculates the shunt
reactance for a fixed value of stray capacitance and the vari-
able parameter, frequency (see STQO @ and steps 3, 4, 5, and
6). Note that the sign STO @ must be negative because the
stray reactance is capacitive. Before running the program
store — 2xC, » 10~ 6in STO @ and in 1 in STO 1. To run pro-
gram, key in R, {(ohms), press ENTER, key in frequency
{MHz), press ENTER, key in X, (0hms with proper sign), and
press R/S. Calculator displays R, at step 21, and X_ at step
31.

reactance has been portrayed as a source of error,
the same shunting effect can also be used to advan-
tage to measure an equivalent series impedance that
is above the range of the bridge. The unknown impe-
dance is shunted down by placing a reactance, usu-
ally capacitive, in parallel with it. The unknown impe-
dance is then calculated by eqs. 3 and 4, preferably
using the calculator program. Capacitors between 35
and 200 pF are usually satisfactory; the value should
be no larger than necessary to bring the unknown im-
pedance within range of the bridge.

The second comment is that eqs. 3 and 4 should
be used only with impedance-measuring devices
which measure unknown impedance in terms of its
series equivalent impedance; /ie., Z, = R,tjX,. If
the measuring device gives results in terms of admit-
tance, as does the GR-821, or as parallel resistance
and reactance, as does the Hewlett-Packard RX
meter, eqs. 3 and 4 are not applicable.

instrumentation errors

The shunt reactance error discussed above is ex-
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ternal to and independent of the impedance-meas-
uring device. This error will occur whether you use a
laboratory-type instrument costing several thousand
dollars or a homemade device, built with parts from
the station junkbox.

I will now discuss in a very general way errors that
occur within the measuring instrument itself. The
GR-916/1606 instruments will be used as a vehicle,
but | will try to present the material in a manner that
makes it applicable to any similar instrument, com-
mercial or homemade.

All impedance-measuring devices (that | am aware
of) have internal errors, especially at the extreme
ends of their frequency or impedance ranges. The
sources of these errors can be very subtle. For exam-
ple, in the GR-916/1606 family, the principal error at
high frequencies is caused by the changing effective
series inductance of the RESISTANCE capacitor; /.e.,
the variable capacitor connected to the resistance
dial. This inductance causes the effective capaci-
tance to increase as the frequency increases, thereby
causing the resistance dial reading for a given resis-
tance value to read low. For the GR-916, this error
alone can be as large as 30 per cent at 60 MHz and
100 ohms, for a typical instrument.

At the low-frequency end, the dielectric loss in the
REACTANCE capacitor causes an effective series
resistance that increases with higher REACTANCE
dial settings and low frequencies, again causing the
resistance dial to read low under some conditions.

Both these errors are predictable, systematic
errors which exist in addition to any random,
unknown errors caused by manufacturing variations
or operator error. Graphs for correcting both types of
errors in the GR-916/1606 are given in the instruction
manuals and should be used if you want good accu-
racy. In addition, an equation for correcting the high-
frequency error in a typical instrument is provided
along with a procedure for obtaining the fudge factor
for any particular instrument. | have programmed
this equation on an HP-25 pocket calculator, but am
not including the program here because of its limited
interest. However, | will be glad to provide a copy to
interested readers on receipt of a large, self-
addressed, stamped envelope.

| feel certain that all impedance-measuring instru-
ments have some systematic error. Just because the
instruction manual for an instrument does not men-
tion internal errors does not mean that there are
none; it just means either that the manufacturer did
not know how to determine it or he could not afford
to work it out for the price at which he is selling the
instrument. Actually, working out the instrument
correction factors is not too difficult — and it is abso-
lutely essential if you want to obtain accurate meas-
urements.
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In calibrating an impedance-measuring instru-
ment, the most important item is a known value of
impedance. For this, | use a Hewlett-Packard 906-A
50-ohm termination. This termination is an accurate
50-ohm resistor with negligible reactance well into
the GHz region. This model uses a type-N connector;
the cost is in the $25-30 range. Though this may
seem expensive for a 1-watt resistor, the cost is small
compared with what you already have invested in a
commercial bridge. If your bridge is homemade, you
may need a precision 50-ohm resistor more than you
realize!

A second reason for using this type of calibrated
load is that since the load has negligible reactance
itself, you can accurately determine the stray reac-
tance which must be known before accurate test
data can be obtained.

If you want to avoid the expense of a laboratory-
type termination, | suggest the use of the RN-55 fam-
ily of Mil-spec resistors. These seem to have the low-
est reactance of any family | have tried. They also
have the advantage of being available in values other
than 50 ohms.

The calibration procedure for a typical instrument
is very simple; although it does not apply to the
GR-916, it can be used with a GR-1606. Measure the
impedance of the termination at various frequencies
through your range of interest. Since it is necessary
to know precisely the resistance and reactance pre-
sented to the bridge terminals, it is necessary to
make corrections using eqs. 1 and 2. To do this, you
must estimate the shunt capacitance, and this is
where a reactance-free load comes in handy. Use eq.
2 first; assume values of X, corresponding to shunt
capacitances of, say, 1,2, 3. . . pF, etc. at your high-
est test frequency. Set R, = 50 ohms or whatever
resistance value you are using, X, = 0, and calcu-
late the values of X, for each capacitance. Compare
these values of X,, with the X,, you measure, and
when your calculated values of X,, have bracketed
the measured values of X,,, you have also bracketed
the actual value of C,. Now back up, say, 0.5 pF, and
determine C, as accurately as you wish. Remember
that since X, is capacitive, a negative sign should be
used in all of the correction equations.

When you accurately know X, solve eq. 1 to cal-
culate the resistive component of impedance appear-
ing at your bridge terminals at each frequency; com-
pare these against the measured resistance of the
load and determine the correction factor for your
instrument at each frequency. These corrections can
then be plotted.

One difficulty in using a chart is that a chart cannot
be programmed into a computer. It would be con-
venient to determine the equation of the correction
curve so that it could be programmed into a calcula-



fig. 3. Photograph of K4AKJ's test setup for calibrating a GR-916 rf impedance bridge using a precision 50-ohm termination.

tor. It should be possible to do this and those inter-
ested may refer to a textbook on the subject.’ Thus
both the bridge correction and the shunt reactance
correction can be worked out in one calculation.

The advantage of having a reactance-free resis-
tance can be seen. Your impedance-measuring
device can only measure the reactance across its ter-
minals; it cannot distinguish between stray reactance
or a reactive component in the unknown impedance.

A note of caution concerning the order in which
the corrections are made: when measuring an
unknown impedance, the usual application, the
bridge correction must be calculated first. Eqs. 3 and
4, which are used to calculate the stray capacitance
correction, assume that the measured values are
accurately known. On the other hand, when calibrat-
ing the bridge using a known value of resistance, the
stray capacitance correction must usually be made
first because you are trying to determine the actual
impedance across the bridge terminals. The GR-916
appears to be an exception; | do not know why,

examples

At this point some examples should help clear up
the details. The first example will demonstrate the

use of a reactance-free termination to determine the
shunt capacitance and show how this capacitance
can differ from the measured value.

| was in the process of calibrating my GR-916 using
an H-P 50-ohm termination. A photograph of my set-
up is shown in fig. 3. The stray capacitance to
ground of the test lead and type-N coax connector
measured 2.95 pF using a GR-821 admittance bridge.

At 54 MHz the impedance of the 50-ohm termina-
tion measured 40.3-j3.333 ohms on the GR-916
bridge. For a high quality termination, this appears
way off, but let's correct it. Start with eq. 2. Set
R, = 50 ohms; assuming the stray capacitance to be
2.95 pF as measured, then at 54 MHz, X, will equal
-990.894 ohms. Solving eq. 2 gives
X,, = —2.49603 as compared with —3.3333 ohms
measured. Hence the stray capacitance must be
more than 2.95 pF.

Next try, say, C, = 4.0 pF, and calculate
Xm = —3.3774 ohms, again compared with
X,n = — 3.3333 ohms measured. Back up a little and
let C, = 3.95 pF and calculate X,, = — 37.3355,

which is very close. Since the test fixture measured
2.95 pF, the stray capacitance in the bridge must
be 1 pF.
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Assuming the stray capacitance is 3.95 pF, it is
interesting to calculate the equivalent impedance
looking into fig. 1. Use eqs. 1 and 2 and obtain
R,, = 49.776 ohms. The difference between this
value and the 40.3 ohms measured by the bridge is
the bridge error. The reason why the shunting effect
is so small is that the shunt capacitance and resis-
tance level are both relatively low.

| am not going to pursue this example further
because the remainder is unique to the GR-916 and
would have relatively limited interest, but | did want
to demonstrate the value of having a high quality ter-
mination and how to use it in estimating stray capac-
itance.

My second example should be of special interest to
users of baluns, particularly W2AU balun users. In
this case | was measuring the input impedance of a
W2AU 1:1 balun at the unbalanced end with various
values of resistance connected across the balanced

fig. 4. Photograph of K4KJ's test setup for measuring the in-
put impedance of a W2AU 1:1 balun with various resistance
values across the balanced terminals.
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table 1. Measured performance of a W2AU 1:1 balun with various
values of load resistance across the balanced terminals.

load original with bridge
resistance bridge with bridge and capacitance
ohms reading corrections only corrections
54.0 70 -j14.00 74.64 - )14.00 76.56 - j7.34
68.0 56 - j22.07 59.61 -j22.07 62.53-j18.12
102.9 47.1-43.33 50.09 - j43.33 55.45 - j42.20
2010 25-j54.17 26.52 -54.17 30.26 - j56.88

terminals. Table 1 gives the uncorrected bridge read-
ings, the impedance with bridge corrections only,
and finally bridge and stray capacitance corrections.
A photograph of this test setup is shown in fig. 4.

The stray capacitance of the test fixture with a
type-UHF connector and a male-to-male adapter
measured at5.3 pF; adding 1 pF for the bridge capac-
itance gives 6.3 pF. | am giving only the 30-MHz
measurements.

Comparing the original bridge reading with the
fully corrected data shows as much as 10 per cent
correction, approximately equally divided between
instrumentation and stray capacitance effects.

Comparison of the load resistance and final data
columns will be of interest to those using 1:1 baluns.
It shows the necessity of matching the balun impe-
dance to that of the load and transmission line. This
is a need that is just beginning to be recognized. |
believe this data is typical of ferrite-rod baluns, but
that's another story.

conclusion

Impedance-measuring devices can be very useful
for matching antennas as well as in many other appli-
cations around the ham shack. Their results, how-
ever, must be treated with caution because even the
best instruments and test setups are subject to
errors. The most predictable source of error caused
by the test setup is stray capacitance; this effect can
only be minimized, not eliminated. Equations have
been presented for calculating the true impedance in
the presence of stray capacitance. Possible instru-
ment errors have been discussed in a general way,
and a possible method described for correcting these
errors as well.

The program for computing the true impedance in
the presence of stray capacitance on an H-P 25 pro-
grammable calculator is probably usable on other
H-P calculators, although the keystroke numbers
may be different. | do not have programs for calcula-
tors of other manufacturers.

reference

1. C. R. Wylie, Jr., Advanced Engineering Mathematics, second edition,
McGraw-Hill, New York, 1960, Chapter 5, “Finite Differences,” pages
130-193.
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-fjain. THS5DX
10-15-20 METERS

We are proud to introduce the newest member of our famous Thunderbird line of Tri-Band antennas. The
THS5DX offers outstanding performance on 20, 15, and 10 meters. It features 5 elements on an 18 foot boom,
with 3 active elements on 15 and 20 meters and 4 active elements on 10 meters. The TH5DX also features
separate air-dielectric Hy-Q traps for each band. This allows the TH5DX to be set for the maximum F/B ratio
and the minimum beam width possible for a Tri-Band antenna of this size. Also standard on this antenna are
Hy-Gain’'s unique Beta-match, rugged Boom-to-mast bracket, taper-swaged elements and improved element

compression clamps.

Boomlength ................... 18 feet VSWR at resonance ..... less than 1.5:1
Longest Element ............... 31 feet Power Input .......... Maximum Legal
Turning Radius . . ............... 18 feet Input Impedance ............. 50 ohms
Surface Area ............... 6.4 sq. feet -3dB Beamwidth........... 66° average
Windload..................... 164 Ibs. Lightning Protection ....... DC ground
Walght .. .. onivimmmsoe v massion wms 50 Ibs. Forward Gain.................. 8.5 dB

Front-to-Back Ratio ............ 25 dB

20 Meter 15 Meter 10 Meter

NOTE: These are original Polar Charts on file at
Hy-Gain Electronics

Wﬂ electronics -

rodhe masmbeches |
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broadband reflectometer
and power meter The reflectometer design described in this article

uses a coupler technique that has not received atten-
tion in the Amateur literature worthy of its versatility,
simplicity, and useful characteristics. Apart from
being easy to construct, this design covers a three-
decade frequency range, from 100 kHz to 100 MHz,
and can be constructed with a power sensitivity as
COﬂStFUCtIOﬂ deta”S low as 500 mW or.as high 35_5(}0 watts. ‘

The problem with most high-frequency reflectom-

eter designs, in the experience of the authors, is that

for a Comblnatlon they generally cover only a frequency range of a
. decade or less — usually 3 to 30 MHz. Many are
peak'readlng power meter quoted as covering well into the vhf range (usually to

g 150 MHz), but, in practice, they suffer from rather
and broadband SWR bl’ldge extreme errors in accuracy due to construction dis-
continuities as well as from large sensitivity excur-

sions across the range.

The predominant technique employed in most
published Amateur designs, and in many commercial
designs, is to have one or more secondary "‘coup-
ling” lines inserted into a short length of coaxial
transmission line. The well-known Monimatch uses
this principle. Two insulated wires are simply slipped
under the braid of a short length of coax to form

By Roger Harrison, VK2ZTB, and Phil Wait,
VK2ZZQ. Mr. Harrison's address is 14 Rosebery
Street, Balmain, 2041, NSW, Australia. Mr. Wait
can be reached at 6 Church Street, Balmain,
2041, NSW, Australia.
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coupling lines which sense the forward and reflected
components of standing waves on the transmission
line.

A similar method, popularly used in commercial
designs, is to construct a section of coaxial transmis-
sion line from a sheet metal trough with two short
coupling lines supported parallel to the center con-
ductor.

Apart from construction discontinuities, the tech-
nique suffers from two serious drawbacks. The coup-
ling coefficient of the secondary lines varies with
frequency, being least at the low frequencies and
rapidly increasing as the length of the coupling lines
becomes a significant fraction of a wavelength.
Secondly, the technique suffers from ever-decreas-
ing accuracy at the higher frequencies for similar
reasons, and poor sensitivity at the lower frequencies
reduces the accuracy at low standing-wave ratios.

Properly engineered and constructed, reflectom-
eters using this technique can have excellent charac-
teristics and accuracy across a bandwidth of as much
as several octaves. Getting them to perform consis-
tently across a decade or more is tantamount to
magic — you rapidly run into the law of diminishing
returns.

design points

Although the technique employed in the coupler of
this reflectometer has been around for a number of
years, it has received inadequate attention in the
literature. The basic requirement for a reflectometer
is that it generates two voltages which are propor-
tional to the forward and reflected voltages or
currents existing in the transmission line under meas-
urement. Techniques employed to fulfill this require-
ment use either voltage or current deflectors coupled
to the transmission line to produce two out-of-phase
signals, since the forward and reflected components
on the transmission line are 180 degrees out of
phase.

This reflectometer employs a current transformer
constructed as follows. A short length of coaxial
cable is passed through a ferrite toroid forming the
primary. The braid, or outer conductor of the coax, is

connected to form an electrostatic shield. The secon-
dary consists of a winding around the circumference
of the toroid which couples to the magnetic compo-
nent of the leakage field of the short length of coax
cable.

The load on the current transformer secondary is
center-tapped so that out-of-phase signals appear at
each end of the secondary. The load center-tap is
returned to a voltage divider which samples the rf
signal on the transmission line to perform the addi-
tion and subtraction across the load, yielding the for-
ward and reflected components.

From this, the SWR may be computed from the
following equation:

: Er+E,
SWR = £ _F
where
E; = forward voltage components
E, = reflected voltage components

Although a current transformer is employed, for
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fig. 1. Schematic diagram of the broadband reflectometer
and power meter. A specially configured switch was used
for S1 (C&K type 7211|; otherwise a double-pole, triple-
throw switch will be necessary. The meter has a basic scale
of 50 xA, with an internal resistance of 2000 ohms. The sensi-
tivity pot (R8) should have a logarithmic taper. Transformer
T1 is wound with 40 turns of number 35 AWG (0.14 mm) en-
ameled wire over a Neosid type 28-511-31,F14 material toroi-
dal core (initial permeability of 220). The measurements
(outside diameter, inside diameter, thickness) of this toroid
are 12.7 » 6.35 « 3,18 mm (0.5 = 0.26 = 0.125 inch). It is
available from Neosid Limited, 10 Vansco Road, Toronto,
Ontario, M8Z 5J4, Canada. C2 is a small mica compression
trimmer.
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fig. 2. Printed circuit board layout (above) and parts place-
ment diagram (below) for the reflectometer and power
meter. Note: In this project the components are mounted
on the foil side of the circuit board.

convenience the detected components are presented
as voltages.

circuit description

The secondary of the current transformer drives a
center-tapped resistive load (R2, R3) connected to a
voltage-sampling network (C1-C2/C3) across the rf
input such that sum anmd difference voltages will
appear across the ends of the transformer (see fig.
1). The two diodes, CR1 and CR2, rectify the sum
and difference voltages, with rf and audio bypassing
being provided by C4 and C5. A dc return for the
diodes is provided by RFC1.

Power measurement is made by rectifying a por-
tion of the rf voltage tapped off the line by the resis-
tive divider, R5, R6. CR3 and C6 form a peak detec-
tor, as the load, R7 and the meter, is very light. CR4
and CR5 provide protection for the meter.

Some published designs use a resistive tap across
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the line to sample the rf for the current transformer
load. At low powers, however, the low-resistance dc
return of RFC1 provides better sensitivity.

The power rating is limited principally by the volt-
age breakdown characteristics of the coax line
through T1. Standing-wave ratios greater than 3:1
generate substantial voltages across the transmission
line, and any high-power operation with high SWR
values should take this into account.

The sensitivity bandwidth is limited by the permea-
bility of the toroid and the number of turns on the
secondary winding. If this reflectometer is construct-
ed for use at higher power levels, the sensitivity
bandwidth is considerably improved.

Construction is very straightforward, The printed
circuit board design shown in fig. 2A is recom-
mended; otherwise, variations in construction may
affect performance, particularly at the higher fre-
quencies. As can be seen from fig. 2B, the compo-
nents are mounted on the copper side of the board.
Once all the components are soldered into position,
the board is attached to the coax sockets and mount-
ing bolts.

The toroid current transformer’s secondary should
be wound first. Following that, the coax primary
should be assembled. Cut a 45-mm (1-3/4 inch)
length of RG-58/U (single shielded), stripping back
the braid and insulation as illustrated in fig. 3. Refer
also to the component overlay and photographs.
This operation is not all that critical, but it is advisable
to follow the diagrams. Slip the toroid over the short
length of coax and solder the coax and T1 leads to
the printed circuit board as illustrated in fig. 2. Posi-
tion the toroid centrally and attach it to the coax and
board with a small amount of pliable rubber cement.
Follow this by mounting all the other components.

View of the printed circuit board used in the reflectometer
showing all the components and the general construction
technique.



The printed circuit board is mounted in a metal box
on which two suitable coax connectors have been
mounted. The printed circuit board is soldered to the
center pins prior to securing the assembly with the
two mounting bolts. To avoid undue stress, which
can cause problems following assembly, coaxial
plugs (assembled with cables) should be inserted into
the two coax sockets when soldering the board to
the center pins. Make sure that a good fillet of solder
secures the pins to the printed circuit board IN and
OUT pads.

The board is mechanically secured by two mount-
ing bolts (shown in fig. 2 and the photos). A nut is
placed under the board on each mounting bolt and a
second on top of the board. This also serves to
ground the board groundplane. Solder the top nuts.

The drawings show mountings for two S0239
sockets, although any of the other popular series of
connectors may be used. However, center-to-center
spacing of the sockets should be maintained at 60
mm (2-3/8 inches). The reflectometer was mounted
ina 100 x 75 x 50 mm (4 x 3 x 2 inch) aluminum box.
The meter used has a 50 x 50 mm (2 x 2 inch) face,
but a larger unit, offering better accuracy, may be
used, although this would necessitate a larger box.

calibration

A suitable rf source, a dummy load, and an rf volt-
meter or an accurate rf power meter will be required
for calibration.

SWR Scale. The instrument is connected between
the rf source and the dummy load, the rf to the IN
socket and the dummy load to the OUT socket. The
sensitivity control should be set fully counterclock-
wise. The switch should be set to read forward
power.

With the rf source on, rotate the sensitivity control
clockwise until the meter reads full scale. Now,
switch to read reverse power; adjust the trimmer, C2,
to obtain minimum meter reading, increasing the
sensitivity as the meter reading decreases. You
should be able to reduce the meter reading to zero or
very near.

BRAID

CENTER CONDUCTOR INSULATOR
OUTER JACKET

fig. 3. Dimensions for the section RG-58 of coaxial cable
used as the primary of the transformer.

Once this operation is completed, the reflectom-
eter section is calibrated. The photo shows the cali-
brated meter scale we attached to the meter face.

Any meter scale can be calibrated by using table 1
or the SWR equation,

table 1. Meter readings to calibrate the new SWR scale.

SWR  scale reading

3.011 0.5 full scale
2.51 0.42 full scale
2.0:1 0.34 full scale
541 0.2 full scale
1.2:1 0.1 full scale
1.1:1  0.005 full scale

Power. Fig. 1 shows a divider network which sam-
ples the rf voltage on the transmission line. The lower
divider resistor is shown as a trimpot. A deposited-
carbon type was used, but a fixed resistor may be
substituted. The trimpot was set so that the full-scale
meter reading corresponds to a particular peak pow-
er measured by another method (a borrowed power
meter or rf voltmeter across the dummy load).

R6 values for particular full-scale power readings
are given in table 2. The power scale should be cali-
brated to suit the individual instrument, as it will be
nonlinear, the nonlinearity depending on the particu-
lar diode used for CR3.

table 2. Resistance value for R6 to change
full-scale power reading.

peak power
watts R6 value
500 6.8 ohms
200 two 33 ohms in parallel
100 33 ohms
50 B8 ohms
20 two 330 ohms in parallel
10 330 ohms
5 680 ohms
3 1k and 100 ohms in series

(linearity suffers)
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performance

The current transformer response is essentially
aperiodic, with the —6 dB points (compared with
midband) from 200 kHz to 40 MHz (see fig. 4). This
unit has a midband full-scale sensitivity of 500 mW
(sensitivity control at maximum). At 50 MHz less
than 5 watts is required to carry out measurements,
even with low SWR values.

The inherent impedance of the unit was measured
using a 5-watt TEK dummy load and a Hewilett-Pack-
ard vector impedance voltmeter. The results are illus-
trated in fig. 5. The impedance discontinuities dis-
played are well within the accuracy limitations of the
meter movement. The real {or resistive} component
of the reflectometer’s impedance is within 5 per cent
of the nominal 50 ohms — most of this variance
probably is due to connector and construction dis-
continuities.

The variation in the real part of the impedance is
within +1 ohm across the frequency range and can
be essentially ignored. The reactive component is
negligible up to 30 MHz, at which point it begins to
become slightly capacitive. This is largely immaterial.
The overall impedance decreases rapidly above
100 MHz.

The short length of coax through T1 is “short”
compared with the wavelength at 100 MHz, and it is
physical discontinuities that contribute to the inaccu-
racies measured, becoming significant around 100
MHz. The S0239s used aren’t constant-impedance
connectors, and they probably contribute as much as
construction to the upper-frequency limitation.

possible modifications

For higher powers, the sensitivity of the reflectom-
eter may be varied by one or several of the following

T TS

28 MHz
0.8 W 4
50 OHM

FULL SCALE \

0.1 Lo 10 100
FREQUENCY —MHz

fig. 4. Relative sensitivity of the reflectometer portion of the
meter. It takes 0.8 watt across 50 ohms to produce a full-
scale reading at 28 MHz.
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fig. 5. Impedance characteristics of the broadband reflec-
tometear, as measured with a Hewlett-Packard vector volt-
meter while terminated with a 50-ohm load.

methods. For power around 20 to 50 watts, R2 and
R3 should be reduced to 47 ohms. For powers above
this, the number of turns on the toroid should be
reduced. As a guide, twenty turns on T1 with R2 and
R3 down to 47 ohms should prove adequate for pow-
ers in excess of 150 watts.

The basic reflectometer construction is so simple
and inexpensive that several could be built to provide
remote monitoring of individual antenna installa-
tions. Protection circuitry for transceivers and power
amplifiers may be simply implemented using the
basic reflectometer circuit driving protection circuitry
from the outputs of CR1 and CR2. It is possible to
use the reflectometer for swept VSWR measure-
ments by using the differential output of CR1
and CR2.

Accurate measurement of VSWR values below 2:1
can be made by driving an expanded-scale differen-
tial voltmeter circuit as described in reference 2. This
type of measurement is useful when measuring the
VSWR performance of an antenna over a narrow
bandwidth, particularly narrow-band loaded whips
used for mobile applications.

The basic sensitivity bandwidth may be shifted up
in frequency by a decade or more such that it rolls off
around 1 MHz at the low end and above 50 MHz at
the high end by using a toroid having a permeability
of 60 rather than 220.
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1. P.G. Martin, ""Frequency Independent Directional Wattmeters,” Radio
Communications, (England), July, 1972,

2. H.C. Gibson, GBGCA, "‘Test Equipment for the Radio Amateur,” Radio
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Puts the World
at Your Fingertips

Get your antenna high enough with a TRIEX
tower and bring the world to you.

Receive signals which you have never heard
before.

Send your call to other HAMS who have
never heard you.

_ ATMwwilmmuismng
- L power., nmmwer -and stay-up power

Mmuﬁmmlﬂ'sﬁymdwm

.+ quality towers. These years of experience combined with
¢ the latest engineering knowledge and materials are used
- 1o design and build towers which stay up under the
2 antenna loads and wind speeds specified. After manufac-
. ture our steel towers are hot dipped in molten zinc

i * “(galvanizing). All exposed steel is covered inside and out
--nmd’ngﬂmemﬂdaoftuhng

Our aluminum towers are self-resistant to corrosion. TRI-EX
TOWERS makes them all: GUYED TOWERS, CRANK-UP
TOWERS, FREE STANDING TOWERS, STACKED TOWERS.

And-we will install a tower on your site, upon request.

Cal; or write TRIEX now for information on the right
" TRIEX tower for you. We will send you our complete
st of prices, delivery dates, installation information and

ame of your nearest dealer. Call TOLL FREE.

. Call our New Number
1-800-528-6050, Extension 1025

~_In Arizona, dial:
1-800-352-0458, Extension 1025

CORPOHATII!N 7182 Rasmuseen Avenue, Visalia, California 93277
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at high frequencies

A new type

of sampling bridge
for measuring power
and SWR provides
linear response

and high directivity

In the past, VSWR measurements were made main-
ly to check antenna matching characteristics. There-
fore, these measurements were performed at fairly
high levels, with a directivity of 26 dB being suffi-
cient. The new circuit design in this article provides
low-level VSWR measurements between 30 watts
and 30 mW incident or reflected power with a direc-
tivity of 40 dB.

applications

After the introduction of highly linearized transis-
tors, wideband transformer techniques to cover 1.5
to 30 MHz became increasingly important. Wideband
power stages, with exceptionally low intermodula-
tion distortions, are required in test instruments,
antenna distribution amplifiers, and ssb transmitters.
Because there is higher feedback in transistor circuits
than in vacuum tube designs, the return loss of the
matching transformer plays an important role. Slight
matching changes will degrade the intermodulation

new approach to measuring SWR

formers over a large frequency, power, and directiv-
ity range. So far, no instrument has become available
that will easily measure these parameters.

circuit description

The initial bridge arrangement for measuring the
forward and refiected voltages (power) on a trans-
mission line was invented in Germany by Dr. Busch-
beck more than 30 years ago (see fig. 1). The obvi-
ous disadvantage of this circuit is that the two output
ports have a fairly high impedance and are very sensi-
tive to loads. Resistive loads below 10 kilohms will
significantly disturb the directivity as well as the fre-
quency response. This requires speciai diodes for
high resolution. Also, this type of power meter suf-

.

HP 2800

fig. 1. Schematic diagram of a conventional bridge arrange-
ment for measuring SWR. The load across points A and B, if
sufficiently low, will significantly affect the directivity as
well as frequency response.

fers from the disadvantage that the power reading is
highly nonlinear and depends very much on the
mechanical configuration. The other disadvantage
caused by the high impedance is that there is always
fairly high cross-talk between both output ports,
which effectively limits the directivity to about
26-30 dB.

In an effort to overcome the rectification nonline-
arity, a special version of the tunnel diode, called a

distortion performance. Therefore, it has become By Ulrich L. Rohde, DJ2LR, 52 Hillcrest Drive,
vital to measure the properties of wideband trans-  Upper Saddle River, New Jersey 07458
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“backward diode,”” was used. Backward diodes”
have virtually no threshold voltage and exhibit an
extremely good approximation to a square law char-
acteristic between a few xV and several mV. How-
ever, back diodes used as rectifiers have an extreme-
ly low impedance and therefore will load the circuit.
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fig. 2. Diagram of a new bridge arrangement that employs
back diodes and a transformer voltage divider. This configu-
ration provides wide frequency response and high directiv-
ity. The transformers are wound on TC9-type ferrite cores,

This is the circuit used in the Rohde & Schwarz NAUS 80 rf
power meter.

3

Because of this loading effect, an attempt was made
to use a compensated RC voltage divider, as used in
oscilloscopes. This was not successful, however,
since the required flatness of output voltage tracking
and frequency could not be achieved.

Analyzing Dr. Buschbeck's circuit, it is obvious
that the primary limitation is a result of the capacitive
voltage divider, which, as a side effect, limits the cut-
off frequency at the lower end of the frequency
range. To overcome this limitation, a transformer
was employed as a voltage divider, which led to the
circuit shown in fig. 2.

The advantage of fig. 2 is that both outputs are
now terminated in 50 ohms, providing the necessary
low impedance for the back diode rectifier. The
inductive voltage divider provides a significantly flat-
ter frequency response. In addition, since all impe-
dances are now 50 ohms, the cross-talk is also
reduced, allowing directivity of 40 dB.

This new technique can be used effectively to
measure the characteristics of wideband transform
ers and power amplifiers under actual operating con-
ditions. Network analyzers presently on the market
are not capable of measuring at this low frequency
range and high power level.

* Another description of the back diode can be found in the Hints and Kinks
section of QST for April, 1978
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Larsen
Kulrod.

the ‘ y
antenna o YA€
that e Ul

keeps &= -

its
cool!

Looking for a mobile antenna that goes
on easily, looks super . .. and performs like
gangbusters! Then you should take a squint at
the Larsen Kilrod Antenna. It's the cool one.

Yes, the fact is that Larsen Kulrod
Mobile Antennas are built differently for a
communications difference you can HEAR.
You can easily prove it to yourself with this
simple touch test:

Apply 100 watts of power for a full minute
or so to a competitive brand Antenna A, B
or C. .. any brand with the usual stainless
steel whip. Then turn off the power and feel
the antenna . . . carefully. It'll likely be hot,
even hot enough to raise a blister.

Now put a Larsen Kulrod to the same test.
Surprise! That's right ... no heat! The
power has gone into communicating—
not heating. The Larsen isn't called the
Kilrod for nothing.

Larsen Antennas fit all styles of mobile
mounts and cover Amateur frequencies from
10 meters through the 440 MHz band.

Write for antenna catalog
and name of Larsen dealer nearast you
'

Lorsen Antennas

11611 N.E. 50th Ave In Canada write fo:

P.O. Box 1686 Urnit 101

Vancouver, WA 98663 283 E 11th Avenue

Phone: 206/573-2722 Vancouver, B.C. V5T 2C4
Phone: 604/872-8517

*Kilrod s a Registered trademark of Larsen Electronics, Inc
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Call r-.1-800-243-7765

» ] = = ©® Retail Price Catalog
=) @ Monthly Computerized Used Equipment List
® Courteous, Personalized Service
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OVER 50 BRANDS IN STOCK

CUSHCRAFT ANTENNAS

¢ KENWOOD ¢ SWAN ¢ KDK ¢ DENTRON e
e MOSLEY ¢ WILSON ¢ YAESU ¢ DRAKE ¢
* LARSEN * BENCHER * PIPO « BEARCAT »
* B&W = DATONG = ICOM = PANASONIC »
* ARRL PUBLICATIONS ¢ ALLIANCE ¢ MFJ
¢ CUSHCRAFT ¢ TRAC ¢ MICROLOG ¢ CDE »
* FINCO « DSI * DAYBURN INSULATORS »
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An effective,
easy-to-build,

all-band amateur antenna
based on the principles
of the folded unipole
used in the

broadcast service

A survey of amateur antennas would probably
show that 95 per cent of them fall into one of four
general categories:

1. Horizontal dipole (including inverted vee)

2. Vertical (ground mounted and ground plane)
3. Yagi {multiband and monoband)

4. Quad {multiband and monoband)

The folded umbrella falls into none of these groups
— yet, when you see what it can do you'll wonder,
“"Why not?"’ This article describes a versatile antenna
that is:

1. Broadband on all frequencies, 1.8 through
30 MHz

2. Easily tuned

3. Fully effective without ground radials

4. Without critical dimensions

5. Simple, inexpensive, and easily erected by
one man

6. Space saving

folded umbrella antenna

It seems that most homes lack the space required
for a 3.5-4 MHz dipole, or for the ground radials
needed to operate a conventional series-fed vertical
antenna efficiently. The folded umbrella has evolved
from the effort to overcome these space problems.

The first step was to consider an antenna used in
the commercial-broadcast field and known as a fold-
ed unipole. Shown in fig. 1, it is a grounded broad-
cast antenna tower, with steel arms across the top
which are connected electrically to the tower. Wires
are connected to the ends of these arms and dropped
to the bottom, forming a cage around the tower that
is insulated from the tower at all points except the
top. The cage wires are tied together at the bottom
and fed directly at that point with 50-ohm coaxial
cable. The advantages claimed for this antenna are
as follows:

1. Broadband performance

2. Low radiation-angle

3. Elimination of expensive base insulator

4. Elimination of approximately 6100 meters
(20,000 feet) of copper wire

5. Elimination of expensive matching network
and weatherproof housing

These features are important to the operator who's
trying to put a broadcast station on the air with limit-
ed funds.

the result

The folded umbrella is simply: the result of several
approaches to the development of an antenna which
is, roughly, the electrical equivalent of the folded uni-
pole. The outcome of the evolution process is shown
in fig. 2.

design considerations

In the interest of simplicity and economy, this
antenna was built around a 12-meter (40-foot), four

By John M. Haerle, WBSIIR, Route 2, Box
348, Frisco, Texas 75034

7. DC grounded
8. Adaptable to your tower
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section, telescopic or pushup TV receiving-antenna
mast. In the development process, it soon became
evident that the cage wires could best be supported
by the nylon guys. Thus, the wires were pulled much
farther away from the center mast — a fortunate
accident as will be seen later.

Also, a 4.6-meter (15-foot} aluminum top-loading
whip was added at the 12-meter (40-foot) level, mak-
ing the antenna 16.8 meters (65 feet) high. The an-
tenna will work well enough without the top loading,
but the whip lowers the radiation angle and improves
efficiency, especially at frequencies below 7 MHz.

Note that this antenna is not to be confused with
the conical monopole or the discone. It is not within
the scope of this article to discuss the differences,
but they are well covered in reference 1.

tuning and matching

The commercial broadcast version of the folded
unipole requires no variable tuning or matching
arrangement, since it's designed for a single frequen-
cy. However, to match the folded umbrella on any
frequency across all six high frequency amateur
bands, a tuned open-wire line and transmatch unit
are used. Fig. 3 shows four different transmatch and
feedline combinations. Fig. 3A is the basic combina-
tion, using an unbalanced transmatch. In this config-
uration, be sure that the side of the feedline ground-
ed at the antenna is the same side that's connected
to the ground terminal on the transmatch.

Fig. 3B illustrates the use of a balanced trans-
match. In this case, a 4:1 balun is used at the anten-
na to maintain a balanced condition on the feedline.

Fig. 3C shows an arrangement which, theoretical-
ly, should unbalance things and bring unwanted rf
fields into the shack. However, it has been tried and
found successful in some cases. As a matter of fact
the experimental antenna, which has drawn so much
favorable mail, is operated in this manner. Note the
balanced transmatch, and no balun at the antenna.

Fig. 3D shows the use of a short length of coax
when it's inconvenient to bring open-wire line into
the station. Keep this coax as short as possible. The
open-wire part of the feedline should be, ideally,
about 20 meters (65 feet) long {or a multiple thereof).
When using other lengths it may be difficult to obtain
a 1:1 swr on some frequencies, especially the higher
frequencies. If this happens, experiment with slightly
different line lengths of plus or minus 0.9-3 meters
{3-10 feet) until it becomes easy to obtain 1:1 swr on
virtually any frequency.

performance

Performance of the folded umbrella is quite gratify-
ing. When operated properly, the swr should be 1:1,
and your rig should see a 50-ohm resistive load on all

hf amateur frequencies. On 1.8 MHz, the folded um-
brella substantially outperforms a half-wave inverted
vee, whose apex is 15 meters (50 feet) above ground.
For all other bands, the comparison antenna is a mul-
tiband inverted vee, 40 meters (130 feet) long, 15
meters (50 feet} above the ground, with tuned feed-
ers and transmatch.

From 3.5-4 MHz, the inverted vee is generally bet-
ter up to 805 km {500 miles) because of the high radi-

fig. 1. The folded unipole an-
tenna used in the broadcast
service, which forms the
basis of the “folded umbrel-
la’” amateur antenna.

7 AZ\MXAK

50 OHM COAX ‘i:

ation angle of the inverted vee or the low radiation
angle of the folded umbrella. Between 805-1610 km
{5600-1000 miles) the superiority of the two antennas
alternates depending on propagation conditions.
Beyond 1610 km (1000 miles) the folded umbrella
takes over, its superiority improving with increasing
distance,

From 7-7.3 MHz, the folded umbrella definitely
outperforms the inverted vee at any distance. It ap-
pears that the diamond shape of the wire cage
begins to provide a measure of cross-polarization
from 7 MHz up resulting in the following:

1. A diversity effect, which minimizes fading on
the transmitted signal

2. A much better snr on receive because of the
closed-loop design and because the antenna is dc
grounded

3. Broadband performance. For example, if the
folded umbrella is tuned for a 1:1 swr at 7.150
MHz and the transmatch is left untouched there-
after, the maximum swr observed at either 7.000
or7.300 MHz is 1.2:1
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The experimental model was not used much be-
tween 14 and 30 MHz since a quad is generally used
on these bands, but performance is comparable to
that of a dipole on these frequencies. Other builders
have reported excellent DX results on the upper
bands.

operation without transmatch

The folded umbrella is basically a 3.5-4 MHz anten-
na. If it is fed directly with coax and no transmatch,
the swr is less than 2:1 at both 3.5 and 4 MHz. From
1.8 to 2 MHz the coax-fed antenna shows an swr of

TV MAST

12 METER (40)FT N

'

S

—WIRE

NYLON GUYS

3mm (1/8 IN} Ny’

NYLON GUYS

TN
Emm (174 IN) \

(28]
4 merers @

o

A

approximately 2:1. On the 7-MHz band, swr is in the
2.5:1 range. At 14.2 MHz, swr is 5:1, at 21.3 MHz,
swr drops back to 1.5:1, and on 30 MHz, swr is
about 3:1.

Since none of these swr numbers is really high, a
transmatch and tuned feedline can easily subdue
them, resulting in 7:7 swr across all six bands.

using your tower

By applying unipole principles, you can use your
tower. Just start by connecting one wire at some ar-
bitrary point on the tower, say 12 meters {40 feet)

TOP LOADING WHIP 4.6 METERS (I5FT)

CLAMP

?5.4'
2%,
S
s

450 OHM LINE
/ TO STATION

1

INSULATED STANDOFF N
INSULATOR

fig. 2. Construction details of the folded umbrella antenna, which is, roughly, the electrical
equivalent of the folded unipole. Dimensions are approximate and are not critical.
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above the ground. Use nylon line to pull the wire
away from the tower. Then, bring the wire back to
the bottom of the tower, as shown in fig. 4.

Use an exciter/vswr meter and a bridge or a grid
dipper to check the resonant frequency. If it falls
within the 3.5-4 MHz range, add the other three
wires and proceed as with the folded umbrella. Your
beam should provide adequate top loading. Be sure
to ground the tower well.

construction

1. Set up the collapsed pushup mast, using 6-mm
(1/4-inch) nylon guys on all four sides. Use the close-
ly woven nylon, not the loosely braided type. The
former is much stronger and will not unravel. Do not

" UMBRELLA V\w STATION
WIRES
50 oHM
MAST 450 OHM LINE N coax
ANCED
TRANSMATCH A6
777 o
[ |
UMBRELLA STATION
WIRES
50 oMM
MAST 450 OHM LINE coax
4 l L l l ’:E BALANCED w16
BALUN TRANSMATCH p———

WW UMBRELLA T STATION

WIRES

50 OHM

MAST

450 OHM LINE COAX
BALANCED 16
TRANSMATCH
» e
w} UMBRELLA STATION
WIRES
450 OHM Vs 50 OHM COAX
MAST LINE /
| 9/ ’-J— UNBALANCED RIG
BALUN TRANSMATCH

pt 0

fig. 3. Transmatch and feedline configurations for the an-
tenna. Sketch (A) shows the basic arrangement using an
unbalanced transmatch. Note grounding. In (B) a balanced
transmatch is used. A 4:1 balun is required. Sketch (C}
shows an arrangement as in (B), but without the 4:1 balun.
Transmatch is balanced (no ground). Sketch (D) shows how
to use a short length of coax cable between the open-wire
line and the station. The coax cable length should be as
short as possible.

fig. 4. Detail showing existing tower
used instead of mast.

INSULATOR

a

FEEDPOINT

)

use other synthetic line. Some of the other kinds of
line become brittle with exposure to sunlight and will
eventually break, while nylon retains its strength in-
definitely. Nylon will stretch, but the close-woven
type requires tightening only a few times initially.

2. Piace the guy anchors at least 9 meters (30 feet)
from the base of the mast {or use the house or trees
where possible). Tighten the bottom guys firmly
and place your ladder against the mast for fur-
ther work.

3. Metal rings are supplied on the TV mast for attach-
ment of guys. Be sure these rings are now in place
before proceeding.

4. Insert 4.6 meters (15 feet) of aluminum tubing into
the top of the pushup mast. This tubing can be made
up of two or three telescoping pieces, if desired, just
so long as the bottom (largest) piece fits snugly in-
side the top section of the pushup mast. The tubing
can be secured by drilling through and bolting or by
slotting the pushup mast and using a clamp (see
fig. b).

5. Attach four nylon {close-woven) guys to the top
guy connection ring (fig. 5).

6. Pull the top section up out of the collapsed mast
assembly about 0.6 meter (2 feet) to facilitate con-
nection of the umbrella wires.

7. Tie two small loops in each of the four top nylon
guys as shown in fig. 2. These loops should be about
4 and 8 meters {12.5 and 25 feet) from their attach-
ment points on the mast.
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8. Install umbrella wires.* Use approximately 16.8
meters {55 feet) of wire for each of the four elements.
Clean and tin about 5 cm (2 inches) at one end of
each wire. Clean and sand the mast just under the
guy attachment ring. Using a stainless-steel hose
clamp, attach the umbrella wires, spacing them
equally around all four sides of the mast (fig. 5).
Smear silicone rubber cement (GE or Dow-Corning)

[e— TOP LOADING

fig. 5. Detail showing attachment of top guys, “‘umbrella’”
wires and top loading whip.

liberally over the hose clamp and bare wire ends to
prevent corrosion of the electrical connection,

9. Thread one of the antenna wires through the two
loops on each of the guys. You are now ready to
begin raising the mast.

10. Use heavy leather gloves and be very careful
when pushing the mast up. Whenever you stop the
mast part way up, be sure to tighten the locking bolt
very firmly, using pliers or a sufficiently large cres-
cent wrench. |f the mast should slip unexpectedly, it
can pinch and cut your hand most painfully. This is
the reason for the heavy leather gloves.

11. As you raise the mast, temporarily secure the
bottom ends of the umbrella wires to their respective
guys with tape. Then, keep these four wire/guy
assemblies tied away from the mast as you raise it.
This prevents the wires and guys from becoming
tangled during the erection of the mast.

12. Now, push the top section up to its full length.
There will be a hole at the top of the next section
below. When the bottom of the top section is pushed

*Any available type of copper wire up to 2 mm {no. 12 AWG), solid or
stranded. The experimenta)l model uses surplus 1.3 mm (no. 16 AWG)
stranded, insulated wire,

42 B may 1979

high enough to clear this hole, push a large cotter pin
(provided in the mast hardware) through this hole.
Spread the ends of the cotter pin only enough to
secure it, which will make it easy to remove at some
later time. Now, tighten the locking bolit firmly.
Repeat this process on the other sections.

13. Push the next section up and secure as above.

14. Attach four more 3-mm (1/8-inch} nylon guys to
the ring at the top of the section just above the bot-
tom section. This set of guys will end up, on full erec-
tion, 6 meters (20 feet) above the ground (fig. 2).

15. Push this last section up and secure, as above,
and temporarily secure all guys.

16. Now, provide a bracket at the base of the mast
for the purpose of connecting the four umbrella wires
together while insulating them from the mast. This is
the feedpoint for the antenna. Qne suggested meth-
od of anchoring and insulating the feedpoint is
shown in figs. 2 and 6. However, as with other parts
of this project, there are many different mechanical
arrangements which will produce the same electrical
results. Use your ingenuity. Remember, none of the
dimensions are really critical, since the tuned feeders
compensate for physical variations. If you're follow-
ing fig. 6, however, pull the umbrella wires through
the PVC tubing, tighten the clamp below the tubing,
and trim off excess wire, leaving several cm of wire
below the clamp. Now, bare the wires below the
clamp and solder them together.

17. Drive three or four 2.4-meter (8-foot) ground rods
around the base of the mast and connect them

-—— !
MAST — /
- PV{ TUBING
STEEL
fOR ALUMINUM)
BRACKET TN
@ ] 2 2 /

ﬁ/—cLAMP
:/—'FEEDPOIIVT
TIITI T T]

450 OHM LINE

==

GROUND

ROOS
GROUND RODS

-CLAMP (TYPICAL ALL RODS)

fig. 6. Mechanical details at the bottom end of the TV mast.
The ground rods are essential for good performance.



securely to the mast with heavy copper wire, tubing
or strap (fig. 6).

18. Attach feedline, soldering one side to the feed-
point and connecting the other side to ground. The
most practical line to use is the 450-ohm plastic lad-
der line made by Saxton. It is strong, flexible, and
much easier to use than bare open wire while just as
effective. Furthermore, it's affected very little by ice,

o
450 OHM LADDER LINE STATION

fig. 7. A practical way to support the
open-wire, 450-ohm transmission
line. A small-diameter nylon cord is
threaded through the transmission line
as shown and anchored to a convenient
point. Leave enough slack in the nylon mes-
’ senger cable to account for changes in
FEEDPOINT humidity.

3 Imm (178 IN) NYLON

snow, or rain, as far as tuning is concerned. Figs. 2
and 7 show a simple, practical way of supporting the
line. For the experimental model, it was necessary to
run the line 18 meters (60 feet) to the house, keeping
it at least 3 meters (10 feet) above ground. To relieve
tension on the line, 3-mm (1/8-inch) nylon was
threaded through the holes in the line and stretched
from the mast to the house, serving as a ''messen-
ger'’ cable. Here again, use your own ingenuity to fit
your situation.

19. After tuning and testing, tighten and secure the
guys, using a plumb level to be sure the mast is ver-
tical,

closing remarks

Here is an antenna that can do many things for
you. Don’t expect it to perform like a beam — but it
will more than hold its own against conventional
dipoles and trapped verticals at all frequencies and
on all high frequency amateur bands.

I have received literally hundreds of inquiries from
people who were impressed with what they heard
when | was using the umbrella antenna. All inquiries
have been answered, and those who have built the
antenna report equally gratifying results.

The writing of this article was deliberately delayed
pending receipt of data from others to provide the
reader with authentic, reliable information.

reference

1. Paul H. Lee, KBTS, ""The Amateur Radio Vertical Antenna Handbook,”
Cowan Publishing Company, 1974, pages 49-52 (discones and manopoles);
pages 75-80 (folded unipoles)
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A discussion of different
approaches to broadbanding
80-meter antennas,
including theoretical
calculations and actual
model measurements

Judging by the horrendous congestion that can
be found on the 80-meter band almost any evening,
it is certainly one of the most popular bands. But all
of its users share the same problem with antennas.
The ratio of the upper limit of the band to the lower
limitis 1.143:1, larger than that of any other high-fre-
guency Amateur band. Building an antenna which
has adequate bandwidth for the entire 500 kHz may
seem like an impossibility.

Years ago, transmitters had a very large range of
matching capability. This luxury disappeared when
the compact transceiver appeared on the scene over
ten years ago. The problem has been compounded
by the introduction of transmitters with solid-state
power amplifiers requiring a load very close to 50
ohms. Protection circuits are normally employed to
reduce the driving power to avoid damage to the out-
put transistors. The use of a transmatch will elimi-
nate the mismatch problems, but takes away the
convenience of frequency changes without retuning.
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80-meter broadband antennas

The antennas shown in this article exhibit accep-
table impedance matches over much more than the
usual bandwidth. Although these designs may not be
the perfect solution in every installation, they should
provide starting points for further experimentation.

current designs in use

One of the classic ways to increase the bandwidth
of a simple dipole is to enlarge the effective diameter
of the conductors in the radiating elements. The
cage antenna is one example of this, in which each
half of the dipole is made of several conductors. The
multiple conductors are suspended on spreaders at
two or more places. This simulates a conductor of
roughly the diameter of the spreader. The fan dipole,
or bow-tie, antenna is a simplification of the cage
arrangement. In this design, each half is composed
of two wires joined at the feedpoint. The wires fan
out from this point and are held apart by a single
spreader at the far end.! Antennas of this type pro-
vide a noticeable increase in the bandwidth over
which a transmitter may be adjusted for a conjugate
match, but they have apparently not enjoyed much
popularity. Perhaps it is because these antennas are
considered somewhat unsightly. The antennas il
discuss have wider bandwidths for the same level of
complexity (and lack of beauty).

antenna models

To provide a more convenient means of attacking
the problems associated with broadband antennas,
two types of antenna models were used to test the
designs. Simple mathematical models were used to

By Terry Conboy, N6RY, 1231 Crestview
Drive, San Carlos, California 94070



allow prediction of the approximate antenna impe-
dance match vs frequency, before they were con-
structed, whenever possible. An equivalent circuit
for a simple wire dipole appears in fig. 1. This model
accounts for the change in reactance at the feed-
point as the frequency is changed, but it does not
allow for the normal tendency of the resistive compo-
nent of the feed impedance to rise with increasing
frequency. This tends to be a second-order effect
and doesn’t seriously affect the results. It does, how-
ever, greatly simplify the calculations.

If the resonant frequency of this mathematical
model is checked, it will be found to be 3742 kHz. Itis
not 3750 kHz, which is the arithmetic center of the
band. Like all resonant circuits, the model exhibits
geometric symmetry. The resulting effective center
of the band is /3500 kHz X 4000 kHz = 3742 kHz.
This frequency is used as the band center throughout
the calculations to maintain band-edge symmetry
when plotting the SWR. In real antennas, the many
other variables involved make the 8-kHz distinction
unimportant.

The plot of the calculated impedance for this
mathematical model is shown on the Smith chart in
fig. 2. The accompanying SWR plot is given in fig. 3.

50

. 2847uH
fig. 1. Approximate equivalent

circuit of a standard wire dipole H
antenna. 6354

This is typical of several antennas | have used in the
past. These antennas were mostly inverted vees with
center heights of about 12 meters (40 feet) and the
ends about 3 meters (10 feet) high. A5:1 SWR is con-
sidered intolerable by many Amateurs and much
worse than a typical antenna would measure. This is
probably because many SWR meters read closer to
3.6:1 for such an antenna. Close inspection with a
noise bridge or other impedance-measuring equip-
ment will show a typical SWR meter to be an incur-
able optimist. This defect is especially obvious when
attempting to read fairly high mismatches at lower
power levels.

Calculations of predicted antenna impedances and
matches were facilitated by the use of programmable
scientific calculators (HP-55 and TI-58) and an IBM
370 running the SPICE circuit analysis program writ-
ten at the University of California, Berkeley. The
antennas were also physically modeled by scaling
them up in frequency and down in size by a factor of
almost nineteen. This moves the resonant frequency
to 70 MHz, which is the center of the i-f passband
used in most microwave equipment designed for

o
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fig. 2. Calculated input impedance of the dipole equivalent
circuit, normalized to 50 ohms.

telecommunications service. Microwave link analy-
zers cover the range from £0 to 90 MHz and include
the capability of accurately measuring return loss.
Return loss is just 20 times the logarithm of the
reflection coefficient, expressed in dB. Although the
Hewlett-Packard 3702B/3710A and its companion
return loss hybrid are designed for 75-ohm measure-
ments, the use of a minimum-loss resistive matching
pad permits its use with nominal 50-ohm loads. The
loss of this pad was accounted for in the measure-
ments made.

The scaled antennas were suspended from the
ceiling inside a laboratory for the measurements.
There were many reflections from the metal frame-
work of the building, but they were probably on a par
with those one could expect from power lines and
the exteriors of buildings in the vicinity of an 80-
meter antenna. All of the plots in this article show the
equivalent scaled-down frequencies corresponding
to the measurements made on the scale models. All
of the necessary corrections have been made.

SwR

N,
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fig. 3. Calculated SWR of the dipole equivalent circuit.
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parallel antennas

This antenna configuration was suggested by the
common use of paralleled dipoles for several bands.
Others have apparently tried paralleling two antennas
cut for different parts of the same band to widen the
overall bandwidth with little success. The secret for

18 METERS (59°)

18 METERS (59') 20.2METERS (66" 3")

ANY LENGTH
50 OHM COAX

70
TRANSMITTER

fig. 4. The parallel antenna is formed by two stagger-tuned
dipoles, mounted at right angles to each other and fed at a
common feedpoint.

proper operation is to mount the two antennas in
such a way that they do not couple to each other.
This can be done by mounting them at right angles
as shownin fig. 4.

One of the two dipoles is cut for 3530 kHz and the
other to0 3966 kHz. The higher frequency is 1.06 times
the geometric center of the band (3742 kHz). The

. . . . 30.17uH 26 86yH
fig. 5. Approximate equivalent cir-

cuit of the parallel antenna. Indi-

vidual resonances are at 3530 and T :l:f’”’ :l‘”%
3966 kHz.

lower frequency is the center frequency divided by
1.06. The equivalent circuit of this arrangement is
given in fig. 5. [t is just the parallel combination of
two dipole equivalent circuits which have been
adjusted up and down in frequency by multiplying
and dividing the reactance values by the 1.06 factor.

It is recommended that this antenna, and the
others shown as well, be fed through a balun. Cur-
rents flowing on the outer conductor (shield) of the
coaxial feedline can cause undesired coupling be-
tween the antennas, which can restrict the band-
width.

The calculated impedance of the antenna is shown
in fig. 6. The loop in the curve is interesting. The
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fig. 6. Impedance calculated for the parallel antenna equiva-
lent circuit, normalized to 50 ohms.

antenna impedance is capacitive at low frequencies
just like the single dipole, crosses over through a per-
fect match, then becomes inductive. The impedance
then becomes capacitive again as the frequency
increases, goes through perfect match once again,
and finally becomes inductive once more at the top
of the band. The calculated SWR is shown by the
solid line in fig. 7. Measurements on the scale model!
of the antenna are also shown on the same plot by
the dashed line. The measurements show good agree-
ment with the calculations (most of the discrepancy
between the two curves results from the individual
dipoles never having a perfect match to 50 ohms).
Despite this, the SWR is better than 2:1 across the
entire band. If you can make dipoles that have a wid-
er bandwidth than the ones assumed here, your
antenna could be even better than this.

One of the interesting features of the parallel
antenna is its tendency to be omnidirectional. Like
the turnstile antenna, the currents in the two dipoles
are out of phase. Over the middle of the band, at
least, the currents in the two dipoles are roughly
equal. Fig. 8 shows the calculated phase difference
between the two dipoles as a function of frequency.
The ratio of the two currents, given in dB, is plotted
in fig. 9. Even though the currents can differ by more
than 10 dB at the band edges, the normal nulls in the
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fig. 8. Calculated phase angle between the currents in the
two stagger-tuned dipoles of the parallel antenna.

radiation pattern of a dipole will be filled to a large
extent. Signals radiated at a high angle will be ellipti-
cally polarized. This is of some benefit when receiv-
ing. The antenna will respond fairly well to linearly
polarized signals which arrive parallel to either anten-
na from high elevation angles. Since many of the sig-
nals received on the 80-meter band arrive at high
angles, the elliptical polarization is probably of much
more value than the omnidirectional characteristics
observed toward the horizon.

Itis worth noting what happens when the resonant
frequencies of the two dipoles are separated by a dif-
ferent ratio. Calculations were made at two other
pairs of resonant frequencies. When the ratio is 1.05
instead of 1.06, the SWR at the band edges is about
2.5 to T and the midband SWR is about 1.4 to 1. If the
ratio is reduced to 1.04, the SWR at the middle of the
band barely rises to 1.05 to 1, yet the SWR remains
about 3.1 to 1 at the band edges. The loop in the
impedance piot on the Smith chart shrinks, but it
does not disappear until the two dipoles are tuned to
the same frequency.

Most Amateurs probably don’t have a house lot of
the right shape to permit placing two such antennas
at right angles to each other. It may be desirable to
erect the antennas as inverted vees instead of as con-
ventional dipoles. Increasing the coupling between
the antennas will reduce the bandwidth of the sys-
tem, but the use of inverted vees has a minimal effect

ELEMENT CURRENT RATIO,1,/T,,d8
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fig. 9. Calculated current ratio betwesen the two dipoles of
the parallel antenna.

on the coupling. The angle between the dipoles may
deviate from 90 degrees by about 15 degrees without
significant degradation. If the angle decreases below
60 degrees, the match at the high end of the band
will deteriorate. As the angle is decreased even more,
the lower frequency antenna seems to dominate, and
the tuning of the higher frequency dipole has less
3

v 8} LOAD !
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[, LOAD 2
« (50 OHM NOMINAL}

fig. 10. Schematic representation of the two-way Wilkinson
hybrid with the ideal transmission line impedance.

and less effect on system operation. When the
antennas are nearly parallel, the SWR curve appears
to be that of the lower frequency antenna alone.

Wilkinson hybrids

Before looking at the next antenna configuration,
a discussion of a very interesting circuit is in order.
The Wilkinson hybrid is very commonly used as a

fig. 11. Calculated input impedance of the Wilkinson hybrid
terminated by two 50-ohm loads. The quarter-wavelength
lines are assumed to be 75 ohms. Data are normalized to 50
ohms.

power divider or combiner at microwave frequen-
cies.Z The arrangement of the circuit is shown in fig.
10. This is the simplest form of the circuit, Other
variations allow driving more than two loads. Modifi-
cations providing very wide bandwidths have also
been developed.3

Fig. 11 shows the calculated impedance of a Wil-
kinson hybrid terminated with 50-ohm loads. The
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fig. 12. Calculated SWR at the input of the Wilkinson hybrid
using 75-ohm cables. Each leg was terminated in a 50-ohm
resistive load.

quarter-wavelength lines are assumed to be 75 ohms
instead of 70.7 ohms to indicate the performance to
be expected with available cables. For this reason,
the input impedance is never exactly 50 ohms. The
corresponding SWR is shown in fig. 12.

Like other hybrid circuits, the Wilkinson provides
isolation between the two loads, This occurs
because a signal entering the Load 1 port can travel
to the Load 2 port by two paths. One path is directly
through the 100-ohm resistor; the other path is
through one of the quarter-wavelength lines to the
source and then back up the other quarter-wave-
length line. Because the second path totals one half-
wavelength, the signal traveling this route is 180
degrees out of phase with the signal through the
resistor. As it happens, the amplitudes of the two
signals are equal, and complete cancellation occurs.

No circuit is perfect, however, and several imper-
fections can causeareductionin the isolation obtained
between the two load ports. It should be obvious

ELECTRICAL™
A/4 OF
- 50 OMM LINE

SHORT CONNECTING
50 OKM LINE

= WILKINSON
HYBRID

ANY LENGTH
50 OHM COAX

TO RIG

fig. 13. Diagram of the turnstile antenna driven with a Wil-
kinson hybrid. Both dipoles are tuned to the band center
and are mounted at right angles to each other.
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that the rejection is perfect only at the design fre-
quency, since the transmission lines give the right
phase shift only at that frequency.Even so, the isola-
tion will be better than 20 dB over the whole 80-
meter band. The other major source of less-than-
ideal performance is the possibility that the driving
source is other than 50 ohms. Most Amateurs fail to
realize that the output impedance of a power ampli-
fier designed to drive 50-ohm loads is seidom 50
ohms. This effect could easily cause a 10-dB degra-
dation of the isolation between the output ports.

One clever use of the Wilkinson hybrid with Ama-
teur antennas has been in driving phased vertical
arrays.4 The isolation of the hybrid is useful in pre-
venting interaction of the antennas via the phasing

fig. 14. Input impedance, calculated using SPICE program,
of the turnstile antenna driven by a Wilkinson hybrid with
75-ohm lines. Data are normalized to 50 ohms.

harness, which makes designing and adjusting such
an array much easier.

Since the power from the input of the hybrid is
equally split, the loss is 3 dB between the input and
each output. Power coming in either of the two load
ports is attenuated by 3 dB because half of the power
goes back into the source port and the other half is
dissipated in the 100-ohm balancing resistor. This
has an interesting effect on the reflected power — it
is cut in half! Unfortunately, when the reflected pow-
er is burned up in the load, it cannot be re-reflected
and travel again out to the antenna or other load
where the power is wanted. This causes a drop in
system efficiency.

A special case occurs when two identical loads are
driven by the hybrid: one load driven directly from
the hybrid output and the other load driven through a
quarter-wavelength of 50-ohm cable. If the loads are
not 50 ohms, there will be a reflection at the load
back toward the source. Since one of the loads is 90
degrees farther away, the reflection coming back will
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be a total of 180 degrees out of phase with the reflec-
tion from the directly connected load. The reflected
waves are thus equal and out of phase. The power
summing action of the Wilkinson hybrid will cause
them to cancel out. Where did the power go? It is all
dissipated in the 100-ohm balancing resistor. None of
the reflected power will arrive back at the source,
and the apparent match is perfect. This leads directly
1o the next antenna system.

turnstile plus Wilkinson

A turnstile omnidirectional antenna is shown in
fig. 13. The Wilkinson hybrid is used to drive the two
antennas with equal power. An extra electrical quar-
ter-wavelength of 50 ohm coax is connected
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fig. 15. Calculated and measured SWR of the turnstile anten-
na driven with a Wilkinson hybrid.

between the hybrid and one of the antennas. The
hybrid is made of two electrical quarter-wavelengths
of 75-ohm coax and a high power noninductive 100-
ohm resistor. The bandwidth of this antenna system
is unbelievable! See fig. 14 for the calculated impe-
dance of the system. The calculated and measured
values of SWR appear in fig. 15. Many dummy loads
don’t match this well. It is perhaps an apt compari-
son, unfortunately; the bad news is in fig. 16. This
plot shows the equivalent loss as a function of fre-
quency. At the edges of the 80-meter band, about
2.5 dB of transmitter output is turned to heat in the
100-ohm resistor. If your kilowatt power ampilifier has
65 per cent efficiency, almost 285 watts must be dis-
sipated at 3.5 or 4 MHz, leaving only 365 watts to be
radiated.

These calculations are still based on the original
dipole equivalent circuit with the 5:1 SWR at each
band edge. The amount of loss in the resistor is
reduced if the antennas fed by the hybrid are wide in
bandwidth.

Baluns are almost mandatory for this antenna con-
figuration. The cables in the phasing line and the
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fig. 16. Calculated equivalent loss in the balancing resistor
for the turnstile antenna driven by a Wilkinson hybrid.

hybrid will cause undesirable resonances to affect
the impedances of the two dipoles if currents are
allowed to flow on the cable sheaths. Whether a
balun is used or not, the connections at the feed-
points must be insulated from each other. If no balun
is used, this means the two shields of the coaxial
cables at the feedpoints cannot be allowed to make
contact, since these points are not at zero potential
with respect to each other.

If a solid-state transmitter is in use and a trans-
match is considered undesirable, an antenna of this
type might be a good compromise. The power lost in
the balancing resistor in the hybrid might be less than
you would lose when the automatic drive reduction
circuit is activated by another antenna with a poorer
match.

conventional turnstile

An obvious question occurs immediately. Why not
remove the 100-ohm resistor? This would transform
the antenna into a conventional turnstile antenna.
The Smith chart in fig. 17 shows what happens

fig. 17. Impedance calculated for a conventional turnstile
antenna (no 100-ohm balancing resistor), normalized to 50
ohms.
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when this is done. The corresponding SWR curves
are shown in fig. 18. The results are not that impres-
sive, but are included here to satisfy possible curiosi-
ties. If the necessary space for all of the wire is avail-
able, a better choice would be the parallel antenna.
This would eliminate all of the coaxial transformers
and provide an increase in bandwidth.

coaxial trap antenna

When the wondrous claims about the ‘“‘double
bazooka’’ antenna came forth, it was hard to resist
trying one. Even if only 10 per cent of the claims were
true, it still had to be amazing. After the disillusion-

4
35 36 37 38 39 40
FREQUENCY-MHz

fig. 18. Calculated and measured SWR of the conventional
turnstile antenna.

ment,5 those strange lengths of RG-58/U cable cried
foruseinanantenna. The resulting design is sketched
in fig. 19.

The shorted quarter-wavelength sections of coax
look like parallel resonant traps that decouple the
short end-sections at the high end of the band and
make the antenna think it is shorter. At the lower end
of the band, the shorted pieces of coax look induc-
tive, slightly loading the antenna and allowing the
antenna to be somewhat shorter physically than
would otherwise be required. The larger diameter of
the coaxial traps also contributes to the increased
bandwidth.

The synthesis of a mathematical model for this
antenna was not attempted. However, both full-size
and scale models of the design were built. The full-
size antenna used RG-58/U and the scale model used
RG-174/U, a miniature 50-ohm coax. The scaling of
the conductor diameters is not in proportion to the
frequency ratio, which certainly results in some
errors.

A Boonton model 250-A RX meter was used

50 may 1979

36.7 METERS(120" 4"}
m 13.03METERS 4 zu 18 35METERS _
PEL ) - 4z'10" 113'9) I soe)
smr

RG- Sd
OPEN SMT oPEN
DALUN
ANY LENGTH
30 Ovm
LINE
fig. 19. Diagram of the
coaxial trap antenna. The
traps resonate at approx-
imately 3800 kHz. ra AIG

through a known iength of 50-ohm cable to measure
the impedance of the scale model. The scaled down
frequencies and impedances are plotted in fig. 20.
The equivalent SWR curve is shown in fig. 21. Notice
that the shape of both plots is similar to those of the
previously mentioned parallel antenna, although the
overall match is not as good. This antenna is worth
consideration when the necessary acreage is not
available for two full-size dipoles.

Tuning the coaxial trap antenna can be difficult.
The first thing to do is to grid-dip the traps as shorted
half-wavelength sections at about 7.6 MHz. A noise
bridge could be used to look far a zero impedance at
this frequency instead. When this is done, the traps
will be quarter-wavelength at about 3.8 MHz. If a
noise bridge or grid-dipper is not available, cutting to
the specified length shown may be close enough.

If the coaxial cable used for the traps has foam-
polyethylene insulation, the traps must be length-
ened to approximately 15.85 meters (52 feet) and the
inner wires shortened to about 1.4 meters (4 feet, 7
inches). For Teflon-insulated cables, the appropriate
dimensions are 13.75 meters (45 feet, 1 inch) and 3.5
meters (11 feet, 6 inches).

fig. 20. Measured impedance of the scale model of the coax-
ial trap antenna normalized to 50 ohms. Frequencies are
scaled down to 80-meter equivalents.



4 [
\
\
\
s \ ‘I'
\ !
\ !
\ [
1 !
1
\ !
[ \
= 23 /
i \ /
\ !
\ - /
2 s "} b !
‘ “ 1o d
\ r 'u‘ !
\ ! i /
] f ¢
] \ ¥ \ /
% ¥ ' l
I )
‘\ ! I{‘ -"f
9
s 6 17 18 19 ac

FREQUENCY - MH;

fig. 21. Measured SWR of the scale model coaxial trap antenna.

Once the coaxial traps are cut, connect the wires
to them that go from the shorted end of the traps to
the feedpoint. Leave these pieces of wire about 30
cm (1 foot) longer than indicated to allow for trim-
ming. Hoist the antenna into position without the
end wire stubs connected. Adjust the length of the
inner wire sections to obtain resonance around 3800
kHz. Then connect the end stubs to the center con-
ductor at the open-circuited end of the coaxial traps.
Trim their length to optimize the match at the low
end of the band.

It may be necessary to go back and make minor
adjustments to the lengths of the wires at both ends
of the coaxial traps to center the SWR curve as
desired. Remember to keep the lengths of all sec-
tions the same on both sides of the antenna. It is
quite possible that your dimensions may come out
quite different from those shown, due to effects from
the surroundings.

comments please

| hope that some of the ideas presented here have
been thought provoking. | would be interested in
hearing of any productive modifications to the
designs presented in this article. Comments on both
successes and failures in working with these anten-
nas are also welcome.
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to coaxial
transmission lines

A simple method
for determining

the correct length
and stub position
when stub-matching
antenna systems
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matching complex antenna loads

Matching problems in vhf coax systems can be a
stumbling block for the Amateur interested in
advanced or large-scale antenna arrays. Commercial
antennas match closely to a 50-ohm system and pro-
vide little challenge. When several antennas are
stacked, however, the matching or feed system
becomes more complex. If the antenna is homebrew,
even one antenna can cause matching problems by
providing other than a 50-ohm nonreactive load.

There are two simple methods of matching a 50-
ohm system to a load of another impedance: the
quarter-wavelength transformer section and the
matching stub. Each method has its good and bad
points; each is perfect for some applications and
much less than perfect for others.

The quarter-wavelength transformer section is well
described; it is s