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Cover artwork: In his article, “Regenerative Receivers,”
found on page 7, Charles Kitchin, NITEV, updates this
popular radio. Here, thanks to the computer magic of
NUIN., we see Armstrong’s original regenerative circuit
superimposed on a solid-state design.
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_ EDITORIAL__

Thank You Mr. Morgan!

1 grew up in the fifties. Back then, most families
in my rural Connecticut neighborhood still relied on
radio to keep entertained and in touch with the
world. A few families had TVs, but that still didn't
stop neighbors from being neighbors. I remember the
grownups gathering on each other’s front porches
most summer evenings and visiting for hours on end,
long after the sun had set. As for us kids, anything
resembling home computers, Nintendo, or Segas was
beyond science fiction. Still, we found ways to enter-
tain ourselves. We seemed better able to use our
imaginations and the resources at hand without the
need for virtual reality games or computers to have
fun and enjoy our free time.

One of my favorite pastimes was scrounging the
neighborhood in search of old radios. No corner of a
neighbor's garage, barn, or cellar remained
unscathed in my quest for these treasures. They were
squirrelled away in my basement “laboratory,” and
later disemboweled to provide goodies for my
junkbox. Tubes went in one box, things with dan-
gling wires in another, anything colorful in still
another. . . Oblivious to the fact that I had been bit-
ten by the radio bug, I innocently pursued my gift for
destroying anything electrical or electronic.

1 was a little young to know about ham radio, or
what an “Elmer” was, but it was around this time 1
was introduced to books by Alfred Powe Morgan.
(I've never learned if Mr. Morgan was a ham, but
I'm sure he must have been!) Mr. Morgan wrote a
massive series of “Boys Books” starting in the
1930s. He wrote books about: motors, tools, wood-
working, chemistry, electricity and electronics,
and—of most interest to me—a whole series of Boys
Books about Radio!” Mr. Morgan shared his seem-
ingly endless knowledge with his “boys,” showing
us how to make Tesla coils, Geiger counters, spark
coils, a simple x-ray machine, and even a miniature
electric trolley and tracks! No shortcuts—you even
had to cut the parts for the little motor out of tin
metal and do the windings yourself! I guess Mr.
Morgan expected dad to step in and help out at times
like this. . .

My first project from his books was a simple
regenerative one-tube receiver. I must have been all
of about ten or eleven, but I still remember taking
the bus alone from the suburbs (something 1
wouldn’t dream of allowing my son to do in this day
and age) and traveling to Hartford with my parts list
and several weeks allowance in hand. Even in the
late *50s, a 1H4 tbe was hard to find: but after
exploring every parts counter of the radio supply
houses and ham stores, I finally secured one at an
old-timer’s radio repair store. Now I had everything
Mr. Morgan said I needed to make his radio. It
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worked, of course, and that radio was the beginning
of my long and enjoyable career in electronics.

Unfortunately, over time, I've lost track of my
collection of Morgan books, and I don’t know what
happened to that old one-tube homemade radio. 1
was saddened when I learned recently that Mr.
Morgan had passed away in 1972, But the knowl-
edge, confidence, and wonder that Mr. Morgan
imparted to me remain to this day. “Thank you, Mr.
Morgan.”

In this issue of Communications Quarterly, Mr.
Charles Kitchin, NITEV, reintroduces us to the
regenerative detector. Devised by Edwin Armstrong
in 1911 at the age of 21, regenerative circuits were
immensely popular in early radio—especially since
RCA held the superheterodyne patents and vigorous-
ly discouraged unlicensed competitors from using
this principle. Regenerative receivers remained in
vogue in amateur circles through the early 1930s,
fading from popularity as the Great Depression
eased and more advanced designs became economi-
cally feasible.

Mr. Kitchin’s circuit reflects what can be done
using modern components when applied to vintage
techniques. To compliment his article, we decided to
include a product review of the Ten Tec 1253 nine-
band regenerative receiver kit, for those who'd like
to be able to relive the days of the regen without the
hassle of hunting for parts. Hopefully, these little
kits, gifts from present-day “Elmers,” will become
the impetus for others who aspire to become hams,
engineers, or scientists.

Peter Bertini, KIZJH
Senior Technical Editor

="Hﬂ)"(nr'f' someone accuses Mr. Morgan of being sex-
ist or politically incorrect, yvou should know that,
while doing research for this editorial on my local
library computer system, I discovered Mr. Morgan
had penned the *First Chemistry Book for Boys and
Girls,” and “A Pet Book for Boys and Girls."”

Credit Due

Many thanks to our summer intern, ninth grader
Drew Northup, for updating our end of the year
index. His sharp eyes found several goofs I'd made
during the compilation of last year's version. For
next vear, Drew hopes to organize all the informa-
tion on a computer disk, allowing readers to locate
articles by subject and other key words. Sounds like
a good idea: we'll keep you posted!

Terry Littlefield, KAISTC
Editor
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_ TECHNICAL CONVERSATIONS____

Dear Editor:

Kudos to Cohen and his fractal antennas.
He's managed to convincingly nibble away at
50 years of antenna dogma and put it in its
place. I'm sure there's about a thousand people
hitting their heads and saying “why didn’t |
think of that?” Certainly the coastline problem
(large perimeter—small area) is about the first
thing you see in any book on fractals. What a
coup de grace to apply it to antennas! It's
bizarre to know that the efficiency of a small
loop is geometry-specific. Now antennas offer
some real hope for new developments with this
fractal breakthrough.

My only “beef” with Cohen’s article is his
“measurement” of the ohmic resistance. I'm
sure it’s low with any type of quad, but how
did he find 1t? SWR analyzers and RX bridges
only give total resistance, which includes the
ohmic and radiative parts. Also, Cohen must
have tinier antennas than those he showed. Will
these be in Part 2?7 How about a Landsdorfer
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in less time...

The HP 8920A
RF Communications Test Set

* Easy-to-use front panel

* High performance spectrum analyzer
and tracking generator

* Rugged portable package

Encode and decode capabilities for
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1 800- service and application support

2-year calibration

Price: $14,300 base

antenna article? Let’s see more articles like this
CommQuart!

Steve Kirschner, KAIUTE

Berkeley Lake, Georgia

Dear Editor:

I was interested to see the article on the
G2AJV antenna in the Summer edition of
Communications Quarterly. An earlier article
on this antenna was published (as mentioned in
the REFERENCES) in the April and May 1994
editions of Radcom. At this time I had worked
as Technical Editor of Radcom at the RSGB for
only a month and was asked to sub-edit the
article. I was unhappy about publishing it
unless the antenna could be validated in some
way. When I started this validation work |
found that feeding this antenna was not as easy
as described in the original article and at one

(Continued on page 102)

For more information call:

1-800-344-3802
and ask for Charlie Gross
or Ken Carolus
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PACKARD
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REGEN

Past and present

Charles Kitchin, NITEV
26 Crystal Street
Billerica, Massachusetts 01821

ERATIVE
RECEIVERS

he modern age has provided radio ama-
I teurs with lots of fancy gear. Today, vir-
tually all radios are of the multistage
superheterodyne type with digital memories
and multistage filtering. Unfortunately, this
advance in technology has come to us at a very
high price. Today, most people are so intimi-
dated by the complexity of modern receivers
that they would never even consider building
their own equipment from scratch.
Back in the 1920s and ’30s, most radio ama-
teurs (even non-hams) built homebrew

receivers. The novelty of radio, not to mention
the pride hobbyists felt in constructing their

own equipment, strongly affected the culture of

that time. In addition to having fun and saving
money, the knowledge gained from homebrew-
ing also greatly improved builders’ technical
skills. However, as the great depression came
to a close, low-cost commercial receivers
became available, and people were no longer
required to build their own equipment—so
many did not. Naturally, commercial firms
chose to market varieties like the superhetero-

a.) Damped Wave
(spark)
Transmission

b.) Amplitude
Modulated (AM)
Transmission

c.) Continuous

Transmitted Waveform

Output After Diode
Detection And Low Pass
Filtering

Wave (CW) Hm
Transmission I””

Figure 1. Various types of transmitted waveforms: (A) damped wave (spark) transmission, (B) amplitude modulated

(AM) transmission, (C) continuous wave (CW) transmission.

Communications Quarterly
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Figure 3. A modern regenerative detector circnit using a JFET.

sance has occurred with the rediscovery of the
simple heterodyne receiver. Today it’s called
the direct conversion receiver.

Another important receiver technology in
common use during the 1920s and *30s was the
regenerative circuit. This used positive feed-
back, called “regeneration,” to dramatically
increase both the sensitivity and selectivity of
simple receivers—typically by a thousand times
or more. This article provides a comprehensive
look into regeneration, reviews its history, and
shows how to build high performance regenera-
tive receivers using modern components.

Types of radio signals

Figure 1 shows some of the different types
of radio signals that are (or were) used on the
shortwave bands. In Figure 1A, you see the so-
called “damped” waves produced by the spark-
gap transmitters used in the early days of radio.
When diode detected and low-pass filtered,
they provide a crude audio output. This is one
of the main reasons why “spark” signals were
used: the damped wave provided an easy way
to modulate the RF carrier, so a simple crystal
diode could detect the signal.

Figure 1B shows an amplitude modulated
(AM) signal and its diode detected and filtered
output. Like the early spark transmissions, this
type of waveform can be detected using a sim-
ple diode.

Figure 1C shows a continuous wave, or CW,
signal. Here, simple diode detection and filter-
ing produces only a DC voltage. Reception of
an audio output from CW requires some type of
heterodyne circuit where one frequency, from a

N

i

(1S
1l
L C
T
M, :
L |z Il

L 3 .B/
Mz I_O'O—
_{

C.

N

Figure 4. Armstrong’s original regenerative circuit. (Courtesy MIT
Barker Engineering Library and the IEEE.)

local oscillator inside the receiver, is mixed
with the incoming signal, to produce sum and
difference frequencies.* If the local oscillator’s
frequency is set just slightly above, or below,
the incoming signal’s frequency, an audio out-
put frequency is produced. Single sideband sig-
nals are AM waveforms without a carrier wave

*Note that, strictly speaking, a diode detector isn’t just a simple rectifier.
Being a nonlincar device. it also operates as a “mixer.” producing both sum
and ditference output frequencies. If used with 4 local oscillator, it too can
produce an audio trequency output for recciving CW.

Communications Quarterly



REGENERATION RFC
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Audio
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Figure 5. Some of the many possible regenerative detector circuits based on commeon oscillators: (A) Tickler or “Armstrong” Detector, (B)
Hartley Detector, (C) Colpitts Detector, (D) Clapp Detector.

10 Fall 1995

and, like CW, also require some type of hetero-
dyne to provide an audio output.

An overview of some common
types of receivers

Figure 2 shows the block diagrams of sever-
al types of receivers. It’s interesting to note
that, except for the crystal réceiver, basically all
of the fundamental circuits used in the recep-
tion of radio frequency signals were developed
between 1914 and the mid-1930s by Edwin
Howard Armstrong.!2

Crystal receivers

As illustrated in Figure 2A, the simple crys-
tal receiver requires only an LC tuned circuit, a
diode detector, a low-pass filter, and head-
phones. The low-pass filter was usually just a
single capacitor connected across the head-
phones. In the early days of radio, crystal
detectors were made using an amazing number
of different materials including galena, germa-
nium, and zinc oxide. Another type of simple
diode detector classified as a “‘coherer” actually
used iron filings inside a sealed chamber. The
filings would move in the presence of (strong)
radio frequency signals; the detector was shak-
en periodically to rescramble the filings.A

Electrolytic detectors, a close cousin of the
electrolytic rectifier, were also used.

Early amateurs used some clever schemes to
get the most out of their homemade detectors.
Tricks included the addition of a battery and
rheostat to forward bias the detector, so it oper-
ated at the most sensitive point in its curve.B
Although they didn’t need any active compo-
nents, all of these passive detectors suffered
from poor sensitivity (by modern standards)
and required very long outside antennas. Also,
there was no buffering between the tuned cir-
cuit and the headphones, which meant that the
already poor selectivity was further degraded
by the loading of the headphones. Finally, they
could only detect AM or “spark” signals.

The regenerative receiver

As Figure 2B shows, the regenerative receiv-
er heterodynes a local oscillator signal with the
incoming RF to produce an audio frequency
output. But the regenerative circuit does double
duty, also serving as a very high gain amplifier.
The regenerative circuit oscillates, heterodynes,
and amplifies simultaneously—-all within a sin-
gle stage.

Because of its use of positive feedback, or
“regeneration,” a regenerative receiver also has
very high selectivity, or “Q.” A regenerative
detector typically provides an audio output
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Figure 8. Extracting the audio output from a JFET detector.

inherent problem is the so-called “pulling”

and are much easier to homebrew than other

receiver types.

effects, where an oscillating detector tends to

lock onto the center of strong RF signals requir-
ing some type of variable input attenuator. A

Regenerative receiver negatives include detec-

tor (oscillator) leakage out to the antenna. This

regenerative receiver can provide very effective
AM (nonheterodyne) reception, but the operator

must readjust the receiver frequently.

requires some type of isolation: either an RF

stage, or a very low power detector combined
with effective antenna decoupling. Another
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Courtesy ARRL

A BREADBOARD RECEIVING SET SHOWING THE LAYOUT AND
WIRING OF ALL EQUIPMENT NECESSARY FOR BRINGING IN
GOOD SIGNALS FROM ALL OVER THE WORLD

List of Materinl Required for 8 Rreadboard Receiver 2 2" lengths of 3/16” I, D. hard rubber or
Wooden basebonrd, x 10" x 14" —_.30.50 !v‘lk"]‘-le leevinE ..occosernnmmrnrns
100-micromicrofarad 8. L. F. variable eondenser 4.00 2 Carter Imp. jacks (or wsubstitute General

250-micromicrofarad variable condenser ........ 4.00 Radio plugs and jacks in the aet)
2 UX tube sockets 1.00 2 2%" blued round head wood screws .
Terminal Board for Antenna, Ground and A-hattery

Sﬂl‘t rubber sponge (& lnd ch smre} to mount

detector socket, preventing microphonic noise 0.10 connections:
10-0hm rheostat 'p B . 0.75 147 x 1% x 6" bakelite qlrl'[l

1
1 160-uuf. fixed mi 4 Bmdtnw Posts
1

condenser . as 0.50
Miscellaneoun:

7-m ™m ized-filament grid sanses 0G0
nlnwe!: Jl:l:. i‘pcr ecircuit t;w' 1_ rr-nih.J.r ﬂgﬂ 24 .‘"’Dd screws to hold things down, 1 {‘l of
Brandes phones .......ovsvesvssnsnssssssssres 5,00 A" copper strap to fasten down H-battery,
Phone plog .. Al e T ) 9 copper angles constituting antenna coupling
2 High-ratio (20:1) dials . 3.00 condenser, 4 ft. No. 12 bus wire, 6 brass
angles to support condensers, strong light

1 audio-frequency mmplifying transformer: GE 2 : 1 -
uvnz o: yrn*IoU rv::thmn. * heside q(\:ip cord to bind Lorenz coils, wooden lll‘.r‘-‘x Y
§ = ™ 1 1ting coils {unless plug
number), Thor -1, neral Rac x 4" x 7" for moun
darvon 821, <t ! o mounting is built). A paper clip or piece of

6:1, or Western Electric 20:1: an 5.00 . n
1 2% \.-:EI block !F-M't::r;lc... v y 2.00 tinned bus wire attached to the frame of
Materinl for Lorent colls: the condenser and bent over the top of the
; ] Rl‘]y binding ﬁ.nl- dial will make a good Imhrntor Incking a
1 pound No. 1R or No. 20 (nn'—nn-n-- wire .... 1.00 better one. If the particular condensers
e - you get do not permit of mounting the back
For each secondary  coll: o ;\lnta for the vernier dials, some flat 00°
2 hard rubber strips 34" x %" angle piecea from the 10e store or the loeal
2 cord tips (unless coil en ds nrr inserted right in hardware store will hold them so that the
binding posts) : “ | amooth vernier action can be used In tuning.
2 6:32 brasa machine screws 1% long, and brau The cost of these mllrnl‘nnmuu itema should
washers, not greatly exceed ; : 25 $1.50

Cofl mounting: = - AR
1 bakelite micarta atrip 14" x 17 x
2 large washers ........s:00- i

Estimnted cost of n purlurn! and excellent short
wave receiver . sissna $32.00

Figure 9. An amateur “breadboard™ receiver of the 1920s and its parts list. (Courtesy of the ARRL.)

TUﬂt’%d RL’_’](_!it.’_ﬁl FIE"('] uency Sivers gain detector and audio amplifying stages after
it. Unfortunately, many cascaded tned RF
A common circuit in early commercial states were required to provide even modest
receivers, the tuned radio frequency (TRF) selectivity, because even a tuned circuit using
receiver (Figure 2C), provided one or more an air core coil with a Q of 100 would still have

tuned RF gain stages ahead of a diode or low- a bandwidth of 100 kHz at 10 MHz. In addi-




tion, the basic TRF design could only receive

AM signals. However, TRF designs that used a
regenerative detector had greatly improved per-
formance and CW signals could now be copied.

Heterodyne or “direct
conversion” receivers

As illustrated by Figure 2D, the heterodyne
or “direct conversion” (DC) receiver is similar
to the regenerative receiver. It, too, mixes a
local oscillator signal with the incoming RF to
produce sum and difference frequencies. When
the local oscillator is operating just above or
below the received frequency, an audio output
will result from the reception of CW or SSB
signals. If the local oscillator is set to “zero
beat” the carrier, makeshift AM reception is
also provided. The key difference between the
regenerative and DC receivers is that, with
regeneration, both the circuit’s gain and selec-
tivity are amplified a thousand times or more
during the heterodyne process.

Major problems inherent to direct conversion
receivers include oscillator leakage out the
antenna and a very low-level audio output from
the detector, requiring very high audio gain to
recover the signal. This makes the DC receiver
prone to microphonics. Modern DC homebrew-
ers have come up with some clever designs that
overcome these difficulties and provide excel-
lent performance; but, typically, the receiver’s
parts count is very high. Designs I’ve seen have
required several transistors or other active
devices, many toroids, lots of crystals, and
large numbers of other components. I believe
these complexities have “scared off” many
would-be homebrewers.

The superheterodyne receiver

The superheterodyne receiver (Figure 2E)
mixes the RF signal and that of a local oscilla-
tor to produce an intermediate frequency RF
signal. The local oscillator tracks the received
frequency to ensure that the difference (or the
sum) between the two frequencies is always
equal to the TF frequency. Most of the amplifi-
cation is provided at a single, fixed IF frequen-
cy using a high gain, high Q, single frequency
amplifier (with one or more stages). The super-
het, therefore, changes the signal frequency to
fit its IF amplifier, rather than trying to create
RF amplifiers that can work directly over the
entire frequency range of the receiver.
Oscillator leakage is minimized in a superhet
because the local oscillator doesn’t operate at
the received frequency and is therefore greatly
attenuated by the receiver’s input circuitry.

On the negative side, superheterodyne

receivers are quite difficult to homebrew unless
the range of received frequencies is very small.
The reasons for this are: (1) as the receiver is
tuned, the local oscillator must closely track
mixer tuning over the entire frequency range and
(2), very good preselection is needed to prevent
the mixer’s image from passing through to the
IF amplifier. Images occur because the local
oscillator can heterodyne with frequencies both
above and below that of the IF.C Historically,
the best superhets have used high Q multistaged
preselectors with the RF and mixer stages track-
ing each other precisely over frequency using
multiganged tuning capacitors (each carefully
“tweaked”). Unless it’s built from a kit, the need
for very close tracking and effective image
rejection has made the superheterodyne imprac-
tical for all but the most skilled (or persistent)
homebrewers. Having built two working super-
hets “from scratch,” I can personally attest to
these difficulties.

The actual mechanism of
regeneration

Figure 3 illustrates the basic regenerative
circuit. If the output of a radio frequency ampli-
fier is fed back to its input—in phase so the sig-
nals add—the input signal will be reamplified
over and over, providing a thousand times (or
more) increase in gain over a conventional RF
amplifying stage. Although the power gain of
an active device such as a tube or transistor is
fixed, the voltage gain in a regenerative circuit
(ideally) approaches infinity as it comes into
oscillation. The practical result is that a regen-
erative detector using a single transistor or
JFET can convert microvolt-level RF input sig-
nals to hundred-millivolt-level audio output
signals. :

The actual mechanism of regeneration is
complex. It introduces fiegative resistance into
a circuit in such a way that its net positive
resistance is reduced. Since the circuit’s selec-
tivity or “Q” is equal to its net reactance divid-
ed by its net resistance,, the circuit’s selectivity
is also greatly increased when regeneration is
introduced. When the regeneration level is
below self-oscillation, the circuit’s negative
resistance (produced by regeneration) is less
than its fixed positive resistance. When adjust-
ed to this level, regeneration provides a stable
increase in both gain and selectivity.

When more regeneration is applied, the cir-
cuit’s negative and positive resistances are
almost equal. This is a very critical state, just at
the threshold of oscillation. The exact “balanc-
ing” point where the net circuit resistance is
zero is impossible to maintain, as even the
smallest random noise source, given time, will
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Figure 10. Wiring outline of another amateur receiver of the 1920s, which used commercial plug-in coils. (Courtesy

of the ARRL.)

build up to a self-sustained free oscillation.

As regeneration is increased further, the cir-
cuit exhibits a net negative resistance and oscil-
lates. As regeneration is increased beyond
oscillation, curious secondary oscillations of a
lower frequency are introduced that tend to turn
off or “quench” the main oscillation under cer-
tain conditions of input signal level and degrees
of regeneration. Because of the quenching
action, RF input signals are amplified tremen-
dously, with circuit gains approaching one mil-

lion in a single stage. Discovered by
Armstrong,? the phenomena is called “Super
Regeneration” and its discovery led to the
development of the first practical VHF
receivers (For more information, see “Super
Regeneration: The Lost Technology.”
Communications Quarterly, Fall 1994).

In actual use, a regenerative detector per-
forms quite differently depending on whether
it’s operated above or below the oscillation
threshold. For the best sensitivity and selectivi-
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Figure 11. An ultra low-cost shortwave receiver for the beginner.

ty when receiving AM signals, the detector is
adjusted just to the threshold of oscillation.
Recetver performance can be quite good, but it
does require frequent readjustment of the
regeneration control and a certain amount of
operator skill.

When receiving CW or SSB. the detector is
set to oscillate and then detune from the center
of the carrier to produce an audio heterodyne or
beat note. So-called oscillating or “auto dyne”
(self-force) detectors are far more sensitive than
any other type. And the “grid leak” biasing nor-
mally used in the regenerative detector tends to
maintain a constant oscillation amplitude over
wide frequency ranges and, therefore, doesn’t
require frequent readjustment. Furthermore,
because the detector is operating beyond the
threshold of oscillation, it’s less susceptible to
static interference than other types.

Key design rules for regenerative
defectors

Regenerative detector circuits. Figure 5
shows some of the many possible regenerative

detector circuits, all of which are based on stan-
dard oscillator circuits. As with an oscillator, a
critical design issue is frequency stability over
changes in power supply and temperature.
Regeneration control methods. Unlike
oscillators, regenerative receivers need a practi-
cal method for controlling the amount of regen-
eration. The “old-timers™ of the 1920s used
many “tricks” with one common goal: to allow
the smooth and gradual adjustment of regenera-
tion up to and beyond the threshold of oscilla-
tion, without causing the circuit to detune.
Figures 6A through 6C from the 1927 Radio
Amateur’s Handbook? show some of these
tricks. They included winding the tickler coil at
the ground end of the main tuning coil; using
the smallest possible tickler; winding the tickler
on a separate, smaller diameter coil form
attached to the bottom of the main form; and
using heavier gauge wire for ticklers used in
CW receivers than those for AM. One of their
most important discoveries was the “throttle
condenser” regeneration control method.
“Rotating tickler” control. Figure 6A
depicts the rotating tickler method. This tech-
nique was commonly used in the 1920s for

Communications Quarterly
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Figure 12. A very sensitive bipolar regenerative shortwave receiver.
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broadcast receivers—often using a commercial
unit called a “variometer,” which consisted of
a smaller inner coil rotating inside a larger
outer coil.P Aside from their cost and com-
plexity, rotating ticklers detuned the signal as
regeneration was increased and the detector
approached oscillation.

“Throttle capacitor” and resistive regener-
ation controls. Figures 6B and 6C illustrate
the “throttle capacitor” method of regeneration
control. The throttle capacitor method provides
by far the smoothest adjustment up to and
beyond the threshold of oscillation. Widely
used by amateurs in the 1920s, the throttle
capacitor method was phased out during the
1930s, and replaced with various resistive con-
trol techniques. This was probably due to the
fact that higher gain screen grid tubes had
replaced the early triode designs and because
the simple expedient of using a potentiometer
to vary the screen voltage of the detector was
cheap and easy to do.

Unfortunately, performance suffered. Re-
sistive controls are noisy and lack the smooth-
ness of a capacitive control. More importantly,

the use of a throttle capacitor permits the detec-
tor voltage to be regulated—a very desirable
feature. A regulated supply allows a much clos-
er adjustment to the oscillation threshold when
receiving AM signals and when oscillating, the
frequency stability of the detector is also great-
ly improved. With resistive controls, detector
voltage varies widely and there always seems
to be some degree of overshoot. The combina-
tion of a “throttle” capacitor and a regulated
power supply provides the highest sensitivity,
selectivity, and stability for a given detector.
JFETS, bipolar transistors, or tubes?
JFETs are ideal for use as regenerative detec-
tors. Although they provide much less gain
than comparable bipolar devices, their “soft”
turn-on characteristics permit much better
regeneration control. They are most effective
when used with some combination of source
and “grid leak” bias. The “grid leak bias”
(Figure 3) is a parallel RC network in series
with the gate that provides an automatic
increase in negative bias with increasing RF
amplitude. This tends to maintain a near con-
stant output amplitude from the detector when
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Figure 13. A high-performance JFET shortwave receiver.

it’s in an oscillating condition, greatly improv-
ing CW and SSB performance. For most
JFETs, a |-meg resistor and 100-pF capacitor
are about optimum for the network.

Pentode vacuum tubes have operating char-
acteristics very similar to JFETS, except their
output impedance’s are much higher and their
supply voltages are much greater. [nput imped-
ances’ are similar, however. Old-timers
claimed that tube circuits with very large values
of grid leak resistor (2 to 10 megs) provided the
best CW performance.

Bipolar transistors have high transconduc-
tance that provides very high gain within the
regenerative loop. The signal input to the detec-
tor must necessarily be kept low to avoid over-
loading. The use of large amounts of negative
bias is very helpful in making the regeneration
level in these circuits easier to control. Bipolar
detectors provide a high audio output level but,
in the oscillating condition, the circuits I've
built never seem to work as well as any of my
JFET designs.

Detector loading issues. Detector loading is
one of the most important issues and tradeoffs

involved in the design of regenerative detec-
tors. The ideal state is a condition where the
maximum possible input signal can be applied
to the detector while not loading it at all.
Figure 7 shows several methods of coupling
the RF input signal to the detector.

Tickler turns. Always use the minimum
number of turns on the ticker that will permit
oscillation throughout the receiver’s entire fre-
quency range. This is best determined by trial
and error. A good “cookbook’ method is to use
approximately 1/3 the turns on the tickler as are
used on the main tuning coil, test the circuit, and
then reduce the turns to the minimum needed.

Detector gain. In 1933, Robinson? wrote a
classic article in which he detailed a series of
experiments investigating how component
changes within the feedback loop affect detec-
tor gain and selectivity. He recommended using
pentode tubes instead of triodes and told read-
ers to first optimize their detectors for best sen-
sitivity in the nonregenerative state before con-
necting the regenerative loop. Although the use
of a high-gain device within the regenerative
loop does provide a higher audio autput signal,
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the benefits of high gain are misleading. As
with any receiver, overall gain is far less impor-
tant than the signal-to-noise ratio of the first
stage. Higher gains within the regenerative loop
also contribute to its instability.

Pulling. “Pulling” is an effect that causes
two oscillators to become synchronized if they
are operating close to the same frequency. In a
regenerative receiver, this causes the detector to
lock onto the centers of strong RF signals. This
can make it difficult to receive strong SSB or
CW signals, because the detector needs to
oscillate at a frequency just above or below the
carrier to produce the necessary heterodyne.
Pulling can also cause problems when the
detector is receiving AM signals and not oscil-
lating. When many stations are close together,
the receiver will tend to jump around, locking
onto whichever station is stronger. Pulling can
be prevented by simply adding an RF gain con-
trol or input attenuator to the receiver.

Receiver power supply. Hum modulation
can arise from excessive power supply ripple or
from having any power transformers or AC line
voltage anywhere on the receiver. Your best bet
is to power the receiver with batteries or use a
well-filtered power supply that’s physically iso-
lated from the receiver chassis by several feet.

RF stages. Use an untuned RF stage preced-
ing the detector. In a regenerative receiver, only

a small amount of RF gain is needed; detector
isolation is a much more important issue. The
use of an untuned stage greatly eases construc-
tion, as a tuned RF stage will usually oscillate
unless its coil and that of the detector are both
shielded. Shielding should be avoided because it
increases the dielectric losses that can ruin the
receiver’s selectivity. A tuned stage can also
cause tracking problems. For a single ham band,
an RF stage tuned to the center of the band will
normally suffice; however for general coverage
use, the LC circuit of the RF stage also needs to
closely track the detector circuit over frequency.

Extracting the audio output from the
detector. Figure 8 shows several methods of
extracting the audio output from a JFET detec-
tor; Figure 8D is the preferred connection.

Practical regenerative receiver
circuits

Classic regenerative receivers of the 1920s.
Figure 9 shows an amateur “breadboard” short-
wave receiver from the 1920s, including its parts
list and 1927 prices! Figure 10 shows some
commercial plug-in coils available in the 1920s
and a block diagram of another receiver from
the same period. Note their use of variable input
coupling, throttle capacitor regeneration con-



trols, vernier dials, and detector shock mounting.
Also note that they simply connected their high-
impedance headphones in series with the plate
of the audio tube, which was common practice
in those days. Because they used their receivers
in the oscillating condition (for receiving CW),
and they had sensitive, very narrow bandwidth
headphones, both the sensitivity and selectivity
of these early receivers was probably pretty
good. Those interested in building regenerative
receivers using vacuum tubes should refer to
David Newkirks article in QST.3

An ultra low-cost shortwave receiver for
the beginner. Figure 11 answers the chal-
lenge: “How many parts do you really need to
build a useful shortwave receiver?” The entire
circuit uses less than $10 worth of parts (not
counting speaker or headphones) and operates
from almost any battery. Battery current is only
6 mA for the entire receiver. This is an excel-
lent project for a boy (or girl) scout’s merit
badge, or as a gift for a young child.
Regenerative detector Q1 amplifies microvolt
level input signals up to hundreds of millivolts
to drive an LM386 audio op amp. Regeneration
is simply (and a bit crudely) adjusted by poten-
tiometer R3, R1 and C3 provide “grid leak™
bias for the JFET while R4 adds source bias.
Some circuit layouts may require a few pF
between the drain of Q1 and ground to permit
the circuit to oscillate. For best results, use a 50
foot long wire antenna with this receiver.

A bipolar regenerative shortwave receiver.
Figure 12 shows the circuit for a very sensitive
shortwave receiver using 10-cent bipolar tran-
sistors. With bipolar transistors and an RF
stage, this receiver is sensitive enough to be
used with just a short whip antenna. Transistor
Q1 is used as an untuned RF amplifier with
L1/C1 forming a high-pass filter to block inter-
ference from any nearby AM broadcast sta-
tions. Q2 is a high-gain regenerative RF ampli-
fier connected in a Hartley oscillator configura-
tion. Potentiometer R6 allows smooth regenera-
tion by increasing the negative bias on Q2, and
the amount of positive feedback simultaneous-
ly. Diodes D2-D4 provide simple voltage regu-
lation. The output from the regenerative stage
drives diode detector D1, which connects
directly to a two-stage audio amplifier. An op
amp or LM386 circuit could be substituted for
the audio stage to reduce the parts count. To
further limit the parts count, cost. (and perfor-
mance) omit the RF stage and increase C3 to
approximately 5 pF. Then connect an external
antenna directly to C3.

A high-performance JFET
shortwave receiver

Figure 13 shows a highly sensitive and

Photo A. Sensitive bipolar receiver, external view,

Photo B. Sensitive bipolar receiver, internal view.

selective shortwave receiver appropriate for
either general coverage or ham band reception.
It features an RF stage with a built-in input
attenuator, a high-performance JFET regenera-
tive detector. selectable audio filtering, and a
high-gain low-noise audio output stage. The
overall performance of this circuit equals or
exceeds that of many superheterodyne designs,
yet it has a very low parts count and draws less
than 12 mA from its two 9-volt batteries.
JFET Q1 operates as a grounded gate RF
stage to improve sensitivity and isolate the
detector from the antenna. Capacitor Cl is a
variable input attenuator that’s very useful for
eliminating “pulling” effects or for increasing
the receiver's selectivity when receiving strong
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Photo C. High-performance JFET receiver, external view.

Photo D. High-performance JFET receiver, internal view,
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signals. RFC 1 provides a DC path for Q1’s
drain. The RF output from Q1 is AC coupled to
L1, which then inductively couples the signal
to the detector. Note that RFC | can be almost
any value above 50 puH as the inductance of L1
predominates. Capacitor C3 sets the amount of
detector loading with 60 pF being about opti-
mum. Secondary winding L2 and capacitors
C6-C8 select the received signal, while tickler
winding L3 provides regenerative feedback.
R2/C9 are the usual “grid leak™ arrangement
that together with R3 set a very high level of
operating bias for the JFET, making regenera-
tion control much smoother.

Capacitor C4 is the “throttle capacitor” regen-
eration control. while RFC2 prevents the RF sig-
nal from being lost through the supply. Zener

diode D1 regulates the drain voltage of the
detector, so it’s very stable in the oscillating
mode. Commercial plug-in coil forms (see list of
parts suppliers) are used to allow multiband
operating (bandswitching would be difficult
with 3 windings). When winding the coils, the
same winding on each coil should occupy
approximately the same space (expand or com-
press turns as necessary) and the spacing
between windings should also be the same. This
helps to reduce the distributed capacitance. The
frequency range of this or any of the receivers in
this article may be extended up or down by sim-
ply winding additional plug-in coils.

The audio output is extracted from the JFET
source and low pass filtered by the switched
audio filter. Audio feeds from the volume con-
trol RS to an Analog Devices’ AD745 op amp.
This JFET op amp provides high gain and very
low noise, high quality audio. The op amp out-
put drives series connected (common not used)
Sony “Walkman™ type stereo headphones.

The optional buffer amplifier of Figure 14
can be added to drive an external low-cost fre-
quency counter. A pick-up loop located close to
the detector coil extracts some of the signal
from the detector when it's oscillating or close
to oscillation. A bipolar transistor amplifies the
loop signal and isolates the load presented by
the BNC from the detector coil. The BNC cable
connects directly to a low-cost commercial fre-
quency counter.

To obtain the best frequency stability from
this receiver on CW and SSB, adjust the regen-
eration control so the detector is operated well
beyond the oscillation threshold. For single
sideband, use the input attenuator to reduce the
signal strength enough to avoid “pulling.” For
AM reception, use two hands—one for tuning,
and the other for regeneration—and use the
input attenuator to help separate stations on a
crowded band.

Construction guidelines

Use a wooden chassis. The original concept
of a breadboard was just that: a hard wooden
cutting board. There are some very good rea-
sons for using this type of chassis. First, the
detector coil must be kept as far away as possi-
ble from any metal object. A metal chassis,
shield cans, metal sides and back panels all
absorb energy from the circuit and add to the
dielectric losses. which directly affect the over-
all circuit Q™ and the receiver selectivity. The
optimum setup for a homebrew receiver is to
use a wooden base, sides, and back, and a
grounded metal front panel. A wooden front
panel can also be used if the metal bodies of the
controls are grounded and a small, grounded,
sheet metal plate is used between the fine tun-



ing control and the back of the front panel (to
reduce hand capacitance effects).

As shown, fine tuning can be incorporated
into these receivers by adding a small variable
capacitor in parallel with the main tuning
capacitor. For general coverage receivers, use a
vernier dial on the main tuning capacitor; for
ham receivers, put the vernier on the fine tun-
ing control for maximum band spread on the
amateur bands.

Build the electronics on a small fiber glass
board and screw that down to the wooden base
board. I prefer poplar for the receiver base
because it’s commonly available and fairly
hard. Oak looks better, but is more difficult to
cut and drill. Softwoods like pine are okay, but
dent easily.

Before winding a coil, I recommended that
you test the coil form in a microwave oven for
a minute or so. If it heats up, the dielectric
absorption is too high. When winding coils,
first drill two small holes in the coil form at the
beginning of each winding. Next, feed the wire
through the first hole, then out again through
the second. If you’re using insulated hook-up
wire, simply tie a knot at the point in the wire
where it enters the form—this will keep the
wire from loosening up later on. Then wind the
coil tightly onto the form. When the winding is
finished, drill two more holes at the end of the
form, to hold the winding in place, and feed the
wire through. Be sure to sandpaper the ends of
copper enameled wire before soldering connec-
tions. When the coils are finished (and working
correctly) use Q dope to cement the windings
firmly to the form.

New plug-in coil forms are available from
Antique Electronics Supply (see list of parts
suppliers). Old vacuum tubes can be “cannibal-
ized” and their bases attached to thin-walled
PVC drain pipe, plastic pill bottles, or plastic
film cans. With plug-in coils, run the wires
from each winding inside the coil form and sol-
der them to one of the pins, making sure all the
coils are wired exactly the same. The complet-
ed coil form then plugs into a companion tube
socket attached to the receiver’s base. Be sure
to locate the coil at least 1 inch away from any
metal object.

Component layout for these high-frequency
RF circuit designs is very important. All
ground leads should be kept as short as possi-
ble. Try to keep the audio wiring physically
separated from the RF wiring. The volume con-
trols should be connected using shielded wire.
Also, connect a separate wire between the
ground side of the control and chassis ground
to avoid control loops through the shield. The
ICs should have their power supply bypass
capacitors located right at the chip using short
leads to the ground. Most of the circuits for this

article were built using Vector type 4112-4
plug board, a predrilled universal breadboard
with a ground plane on one side. Standard low-
cost fiber glass board can also be used if a cop-
per-clad board is located below it on spacers
and all grounds are made to the copper board.

Testing

Always wire receiver circuits backwards;
i.e., first the audio stage, then the detector, then
the RF stage. As each stage is completed, test it
before going on to the next.

To test any of these receivers, first connect the
baiteries, plug in a set of headphones, and turn
the volume control up half way. Test the audio
stage with an audio oscillator or just place your
finger on the top of the control and listen for a
buzz in the headphones. Test the detector by
first seeing if it oscillates. Starting from mini-
mum, slowly adjust the regeneration control
until the detector produces a “live sound” (a
large increase in the background noise). If the
detector refuses to oscillate, carefully check the
wiring and, if it seems okay, try swapping the
wires to the tickler winding. Once the detector is
oscillating, temporarily connect an antenna in
series with a 5 to 20 pF capacitor to the top of
the main tuning coil. Tune in a strong station,
adjusting the regeneration level and volume for
best reception. When the receiver is completely
wired, test the RF stage by connecting the anten-
na to the receiver’s input and tune in the same
station. Reception should be at least as good as
without the RF stage.

Future developments

Since regenerative receiver circuit develop-
ment basically ended many years ago—before
homebrewers had low-cost semiconductors, op
amps, or zener regulators at their disposal—it
should now be possible to design some new
features into this traditional circuit. These could
include some type of regenerative AGC circuit
for AM signal reception—using an op amp and
rectifier, etc., to maintain a constant level of
regeneration as the receiver is tuned. Crystal
oscillator circuits could also be made regenera-
tive to produce a very high gain, high “Q”, low
drift, single frequency amplifier (for IF stages,
etc.). Applying regeneration in a limited con-
trolled way into several RF stages simultane-
ously (to raise their gain and “Q”) is also a pos-
sibility. I would very much like to correspond
with others interested in exploring this very fas-
cinating technology.

Parts suppliers

Parts suppliers for the receivers described in
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Figure 15. Sample RTTY and FAX printouts. (Courtesy John Hartman, NM1H.)

this article may be purchased from the follow-
ing sources:

Tuning capacitors, tubes, tube sockets, trans-
Sformers, knobs, potentionieters, wire, resistors,
fixed capacitors, and other miscellaneous com-
ponents: (new) Antique Electronics Supply,
6221 S. Maple Avenue, Tempe, Arizona
85283. Phone: 602-820-5411. (surplus) Fair
Radio Sales Co.. P.O. Box 1105, 1016 E.
Eureka Street, Lima, Ohio 45802. Phone: 419-
223-2196.

Plug-in coil forms: Antique Electronics
Supply (above).

RF chokes and coils: Antique Electronics
Supply (above); Digi-Key Corp., 701 Brooks
Avenue, South, P.O. Box 677, Thief River
Falls, Minnesota 56701-0677. Phone: 800-344-
4539.

Vernier dials: Fair Radio Sales Co. (above);

QOcean State Electronics, P.O. Box 1458, 6
Industrial Drive, Westerly, Rhode Island
02891. Phone: 401-596-3080.

Knobs, headphone jacks, 2N2222 transistors,
National Semiconductor LM386 ICs, miscella-
neous items: Radio Shack.

The Analog Devices AD745 op amps and the
Motorola J310 and 2N4416 JFETs: Newark

Electronics.
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EDITOR'S NOTES
A. The operation of the coherer detector is more mechanical than electron-




tc, and is not a true rectifying detector, The presence of strong RF cumrents
would cause the fine metal filings 10 "coher,” or bond together, thus reducing
the electrical resistance path to the recording instrument. [n operation, the
coherer more or less acted as a one-shot detector device, (Coherers usually
drove sensitive relays which in turn operated crude mechanical recording
devices.) A secondary function of the relay arm employed a mechanical "bell-
type" clapper arm, which upon detection of a signal, tapped the coherer, reset-
tling the filings in preparation for the next "signal.”

The first coherer was demonstrated by Parisian Eduoard Branley in the
LK8Q'y, it used iron filings packed loosely in a glass tube capped with two elec-
trodes. By 1895 Marconi had discovered that using a mixture of nicke! and sil-
ver filings greatly improved the coherer's sensitivity.

B. Many substances were tried as detectors, the most popular was lead ore.
or galena crystal, a natural substance. Despite the sensitivity advantages oftered
by galena and other point-contact mineral detectors, they all suffered from sen-
sitivity to burn out trom strong RF tields and induced currents from nearby
lightning strikes. Elaborate protection schemes were used to isolate the detec-
tors when the spark gap transmitters were fired up. They were also finicky to
adjust, and were casily jarred out of alignment. Several fixed Carborundum
detectors in my collection still function to this day.

To counteract these problems, a detector was developed using
Carborundum~—which is man-made and produced in high temperature electric
furnaces. The Carborundum detector used a relatively high pressure contact
system, and was immune to damage from strong RF ficlds and unaffected by
vibration. (nlike any other detector. the Carborundum detector often used a
smuall variable bias voltage source to improve its performance. The
Carborundum detector was also better suited for use in high impedance circuits.

C. Early superhets were as complicated to tune as their TRE cousins. As an
example, RCA's Radiola 26, an early "portable” superhet made in 1925,
employed separate tuning dials for oscillator and RF stages.

D. To reduce cost. and eliminate expensive variable capacitors whenever

possible, Variometers often were employed as main tuning elements. A vari-
ometer’s winding was done in two sections, the tirst on a fixed cylindrical form,
the second winding was wound on a rotatable coil form inside of the first. A
shaft tuning arrangement allowed the inside coil to be rotated nearly 180
degrees, for series aiding or opposing tuning resulting 1 wide range of inductive
tuning.

Although similar in design to the Variometer, the Variocoupler employed
two discrete windings. Variocouplers were used to control antenna coupling,
oscillator feedback, regenevition and interstage coupling.

BIBLIOGRAPHY
1. The ARRL Hundbook, 1995 Edition, American Radio Relay League, 225
Mann Street, Newington, Connecticut 06111,

Appendix A: Armstrong’s 1914
Circuit

In 1914, while conducting experiments in his
home workshop, Edwin Howard Armstrong
discovered regeneration, which is certainly one
of the most significant discoveries in the histo-
ry of radio. While others before him may have
inadvertently caused circuits to oscillate,
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Armstrong was the first person to clearly
understand what was happening and to develop
practical circuits using this principle. In his
classic 1915 paper, Armstrong! introduced this
new technology to the world.

Armstrong’s original circuit for the regenera-
tive detector is shown in Figure 4. In this 1915
circuit, a vacuum tube is the amplifying device.
The tube is drawn horizontally with the fila-
ment on the left, the grid in the center, and the
“wing” (today called the plate) at the right.

Small changes in grid voltage would cause
large current variations in the plate or “wing”
providing gain. A coupling unit supplied posi-
tive feedback via the interaction of two coils—
L2, a coil in series with the main tuning coil
and a feedback or “tickler” coil, L3. Armstrong
varied the amount of feedback by manually
adjusting the spacing of the two coils; the two
windings were brought into close proximity
with each other, the mutual coupling between
the coils providing the feedback path. Two bat-
teries operated the circuit: an “A” battery (usu-
ally a 6-volt car battery) to power the filaments
and a 22.5 or 45 volt “B” battery to supply the
voltage to the “wing” (plate) circuit.

Appendix B: Independent
Evaluation of the High
Performance JFET Receiver
of Figure 14 by
Amateur Extra Class Licensee

John Hartman, NMTH.

My Evaluation of Charles Kitchin’s
Receiver.

Those who think that the days are gone when
you could build your own simple communica-
tions receiver that rivals professional amateur
gear in basic performance, should consider this
rig. I had the opportunity to evaluate it one
night and was impressed by its sensitivity,
selectivity, excellent audio, very low noise, and
surprisingly good stability.

I connected the receiver to my all-band
Windom antenna and tuned up on the 80 and
40-meter amateur bands. The antenna loading
control proved handy in preventing overload
and blocking due to the better than 1 microvolt
sensitivity of this receiver and its lack of AGC.
CW was very easy to copy on the novice and
extra bands. However, with the audio band-
width switch in the “full” position, more than
one station was heard, due to the 15 kHz or so
bandpass of this receiver. Using the audio fil-
ters, I was able to attenuate the higher frequen-

cy CW tones. This, combined with no notice-
able drift, allowed me to easily copy CW.
Tuning up to the voice part of the amateur
bands, I was surprised to be able to easily tune
in SSB. The audio quality was better than any
Japanese transceivers I've heard. I could detect
no background hiss, and again, no drift.

Being a serious shortwave listener, I then
tuned in HCJB, Equator. I was treated to what I
can only say was AM high fidelity (be sure to
use a high-quality headset for this rig). The
audio was very good. I could even hear the
announcer’s breathing!

Now for the acid test. I connected my MFJ
1278 multi-mode TNC to the receiver’s audio
output jack. I then tuned to the 4 and 8 MHz
marine bands. Not only was I able to copy
almost perfect RTTY, I was also able to print
several weather FAX maps. Again, no drift and
no frequency tweaking was necessary on these
RTTY and FAX printouts (see examples,
Figure 15). Coast station CW decoding was a
problem due to the 200-Hz input filter on the
MFIJ and the relatively coarse fine tuning con-
trol on the receiver.

So, what are the other negatives, besides the
coarse fine tuning control? Well, this is a regen-
erative receiver, so you will have to learn to fid-
dle with regen, antenna coupling, and volume
for best results. But, it’s like driving a car with a
standard shift. Once you get used to it, it can be
fun! Like most hackers turned amateurs,
Kitchin’s workmanship left a little to be desired.
He used loose, multi-stranded wire for point-to-
point wiring in the RF stage, so there were some
microphonics. However, Kitchin’s use of a pick-
up loop, buffer amplifier, and frequency counter
for a direct frequency readout solves the classic
regen “where am I on the band?” problem. I did
find some frequency readout error, but this
could have been my tuning.

All in all, this is a very good performing
receiver that’s definitely worth the effort to
construct—and, for a fraction of the cost of
anything you could buy (minus the $100 fre-
quency meter). This would make a nice project
for a son or daughter to build, as well as the
serious SWLer. In the words of Winston
Churchill, if he had been a hacker: “never in
the course of human endeavor has so much per-
formance come from so few components.”

John Hartman



Bob Clarke, NIRC
Analog Devices, Inc.
1 Technology Way

Norwood, Massachusetts 02062

BUILD A 2-CHIP

80-0
METER

B RF POVVER

Build this project as a stand-alone
power meter or an accessory fo your

handheld DMM

ypical low-cost power meter circuits
I available to the radio amateur sample a

portion of the signal being measured,
rectify it, and provide a DC output voltage pro-
portional to that signal. Laboratory-quality
power meters are not only more accurate, but
also orders of magnitude more expensive.
These use calibrated thermal sensors or square-
law detectors (i.e., diodes) with limited dynam-
ic range.

Fortunately for the amateur radio fraternity,
there is a third method of measuring power: the
log amp. L.ow-cost log amps are widely avail-
able because they are used in cellular radio.
Cellular standards require that the receiver
measure the received signal strength and report
the level back to the transmitter. One purpose is
to minimize interference by using the minimum
power necessary to maintain communications.
The function is called Received Signal Strength
Indicator (RSSI) and is required by the AMPS
(Advanced Mobile Phone System) and GSM
(Group Speciale Mobile or Global System for
Mobile Communications) cellular radio stan-
dards, among others.

In contrast to the limited dynamic range
(about 30 dB) of the thermistor and diode-
based sensors used in laboratory power meters,
a well-designed log amp can measure signals
from less than —75 dBm to more than +5
dBm—an 80-dB dynamic range. Because of

this sensitivity, simple resistive attenuators pre-
ceding the log amp can shift the dynamic range
upwards by the amount of attenuation. A 30-dB
attenuator placed in front of a —75 dBm to +5
dBm log amp can shift the dynamic range to
~45 dBm to +35 dBm (+36 dBm = 2W).
Spectrum analyzers use log amps to measure
the level of the IF to produce displays with 50
to 80 dB of dynamic range.

How does a log amp measure power? The
output of a log amp is a DC voltage or current
proportional to the log of the input voltage. The
term “logarithmic converter” might be more
accurate than log amp, but the name log amp
has stuck. In the case of the AD606 log amp,
which has a voltage output, the transfer func-
tion is:

Yieur M
Vx

Viog = Vylogjp

where V| ¢ is the output voltage, Viypyr i$
the input voltage, and Vy and Vy are fixed
voltages that determine the log amp’s slope and
intercept, respectively. V is called the loga-
rithmic intercept because, when Viypyr = Vy,
the argument of the log is 1, V| 5 =0, and the
transfer function of the log amp (when plotted
on a logarithmic X linear Y scale) crosses the X
axis at this point. Vy is called the logarithmic
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slope because the slope of the transfer function
is proportional to this voltage. In terms of the
classic slope-intercept equation:

y=mx+b 2)

the output, y, equals V| o, the slope, m, equals
Vv, and the intercept, b, equals V.

Notice that a log amp responds to the input
voltage, Vy. As long as the input signal is a
sinewave, as it usually is in amateur applications:

V2

3
R 3)

If you take the log of both sides, and perform
a bit of manipulation, you get:

lOg]()P = 210g10V _lOgIOR (4)

which says that the log of the power is propor-
tional to the log of the input voltage (assuming
a sinewave). Assuming that the input signal is a
sinewave, and the input impedance is 50 ohms,
then the AD606 transfer function becomes:

Viog = Vy Py —Px) &)

where Py is the input power in dBm and Py is
the logarithmic offset (derived from Vy) in
dBm. (The transformation from Equation 4 to
Equation 5 is sometimes described in the liter-
ature as: “Then a Great Miracle Happens!™)

The values for the slope and intercept,
respectively, for the AD606 are Vy = 37.5
mV/dB and Py = -88.33 dBm, both at 10.7
MHz and a +5 volt supply. The slope falls off
gradually versus frequency; at 45 MHz it is 35
mV/dB.

In both cellular radio systems and the power
meter circuit I’'m going to describe, the log
amp’s output is digitized by an A/D converter.
The RSSI output of the AD606 is proportional
to the power supply voltage. Thus, the AD606’s
log output can be expressed not only as 37.5
mV/dB, but also as (0.0075 x VPOS)/dB. The
power supply (reduced by a simple voltage
divider) can serve as the voltage reference for
the A/D converter. This allows the log amp’s
output and the A/D converter’s reference to
track over power supply variations because both
use the power supply as the reference.

Circuit description

Now, on to the circuit. The power meter cir-

cuit (Figures 1A and B) uses just two active
devices: the AD606 log amp and the Harris
ICL7136 3-1/2 digit DMM IC. The ICL7136 is
a low-cost, low-power combined A/D converter
and 3-1/2 digit display driver—a complete
DMM on a chip. It is available from several
manufacturers (and distributors) and in several
incarnations. The +5 volts configuration of the
ICL7136 was copied exactly from the data
sheet and was not amenable to circuit changes.

This meter circuit takes the nominal output of
the AD606, which is 0.5 to 3.5 volts for a =75
dBm to +5 dBm input, scales it, and level shifts
it. A simple three-resistor network (R1, R2, and
R3) transforms the AD606’s output of 37.5
mV/dB to | mV/dB and fits the result within
the +1 to +4.5 volt common-mode range of the
ICL7136; remember, the circuit is DC coupled!

Resistors R1, R2, and R3 do both the level
shifting and the gain scaling.* The output of
this network appears at the ICL7136 at INHI.
The voltage at INLO, from the wiper of R9,
provides a fixed offset to make the DMM IC’s
display read —75 to +5 mV for a -75 to +5 dBm
input to the AD606.

Note that the AD606 has an on-board low-
pass filter with a cutoff of 2 MHz. The input
circuit of the ICL7136—C4 in parallel with R1-
R3—forms an additional 1-pole low-pass filter
with a 6-Hz corner frequency that removes any
residual ripple on the AD606’s RSSI output.
This ripple is at twice the frequency of the
ADG606’s input because the detector cells are
full-wave rectifiers.

The resistor string of R4 through R7 sets the
ICL7136’s reference voltage. Adjust R6 for
100 mV between pin 35 (REF LO) and pin 32
(COMMON). This voltage is proportional to
the power supply, as is the AD606’s output. A
simple test—grabbing the voltage-control knob
on the bench power supply and twisting it—
will show that the readout remains stable over
+5 percent power supply changes! The display
is shown on the ICL7136 data sheet and isn’t
critical; the details are omitted to save space.

Calibration

Now that you know how the circuit works,
it’s time to calibrate the power meter. First,
short the input and adjust R9 (the intercept
adjustment) for a reading of 80 mV between
INLO and INHI. This step sets the “logarithmic
intercept,” which is where the AD606’s VLOG
output “bottoms out” to its internal noise level
of about —88 dBm. To set the slope, you can

* R2IIR3 1

x VLOG = — x 37.5mV/dB = 1mV/dB and

R1 + R2IIR3 38

R3

—  x VPOS =243V
RUIR2 + R3)
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use a calibrated signal generator and an attenu-
ator or an uncalibrated signal generator and one
or two accurate attenuators.

To adjust the power meter with a calibrated
signal generator and an attenuator, attach the
attenuator to the signal generator, set the output
(including attenuation) to —80 dBm, and adjust

R9 for a reading of —80 dBm. Next, remove the
attenuator and set the generator for +5 dBm.
Adjust R6 for a reading of +5 dBm. Now check
the entire 80 dB range. You should be pleasant-
ly surprised to find the power meter accurate to
within 1 dB for the entire range.

If you don’t have a calibrated signal genera-



log Amp Circuit Topology

The AD606 log amp uses a technique called
“successive compression” to generate its loga-
rithmic transfer function. In a successive com-
pression log amp, the log amp uses cascaded
limiting amplifiers to approximate the logarith-
mic transfer function (Figure A). Each amplifi-
er has the same fixed gain, which we’ll call A.
Each amplifier stage also has a detector that
rectifies its output to produce a DC current.
The output current of all the stages are summed
to generate a single current.

For small input signals, each amplifier oper-
ates in its linear region and the overall gain of
the log amp is AN, where N is the number of
amplifiers. As each stage limits, its output no
longer increases and the gain drops from AN to
AN-1to AN-2_ and finally to A. Consequently,
the change in gain caused by successive com-
pression provides a piecewise-linear approxi-
mation to the logarithmic function (Figure B).
Figure B shows the transfer function of a suc-
cessive-approximation log amp.

In practical implementations, the detector is
a half-wave or full-wave rectifier. A full-wave

rectifier has its ripple at twice the input fre-
quency; as a result, higher ripple frequency is
easier to filter out. The rise time of the log out-
put depends on the corner frequency and num-
ber of poles in the ripple filter.

As a practical note, the cutoff frequency of
the log amp’s internal low-pass filter depends
on the IF used for the cellular standard. In
AMPS or ETACS, where the modulation
mode is narrowband FM, the IF is typically
450 kHz, and the filter's voltage output
response provides a “slow™ RSSI. In GSM,
DECT, and PHP applications, the IF is typi-
cally 10.7 MHz or higher, and the filter’s volt-
age output response provides a “fast™ RSSI. In
the AD606, which was designed with IFs from
10.7 (21.4 MHz ripple) to 45 MHz in mind
(90 MHz ripple), the low-pass filter has a 2
MHz cutoff and a “fast” RSSI response. The
ADG06 consists of seven cascaded amplifier
stages, each with a gain of 10 dB (x3.162),
and a side chain consisting of two cascaded
amplifier stages, each with a gain of 10 dB
(x3.162).

INPUT

£>—~OUTPUT

Figure A. Basic multi-stage log amp architecture.
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Input Peak Intercept Error (Relative
waveform or rms factor to a DC input)
Square Wave Either 1 0.00 dB
Sine Wave Peak 2 -6.02 dB
Sine Wave rms 1.414 (V2) -3.01 dB
Triwave Peak 2.718(e) -8.68 dB
Triwave rms 1.569(e/N3) -3.91 dB
Gaussian Noise rms 1.887 -5.52dB

Table 1. The effect of waveform on log intercept.

tor, the adjustment’s a bit trickier. Connect a
signal generator and take a reading. Next, insert
one or two accurate attenuators,** Now make a
second measurement and adjust R6 so the read-
ing is the correct number of dB below the first
reading. For example, if the attenuator is 20 dB,
adjust R6 so the second reading is 20 dB below
the first. Now remove the attenuator and adjust
the slope once again to obtain the correct num-
ber of dB between the two readings. This
adjustment is easter if you can use two calibra-
tion points as far apart as possible to minimize
errors in the slope.

To extend the low-frequency limit of the
power to audio frequencies, simply change CI,
C2, and C3 to 4.7 pF. This also lets you cali-
brate the power meter using an audio source
and a true RMS DMM as a reference.

You can also substitute a handheld DMM for
ICL7136. Connect the positive lead to junction
of R1, R2, and R3 and the negative lead to the
wiper of R9. Resistor R9 still provides the off-
set adjustment, but you need to split R1 into the
fixed resistance and a variable resistance, R1A
=950 k (750 and 200 k in series) and RIB =
100 k, to provide a slope adjustment. The

**1f necessary, you can casily build an accurate 20-dB attenuator
that works at 10 MHz using 1 percent metal film resistors. An R-2R
ladder network, for example, provides 6.02 dB attenuation per tap
and can be built using only one resistor value i series and parallel
combinations!

DMM and AD606 now use separate voltage
references, so the AD606 should be powered
by a well-regulated 5-volt supply rather than a
battery.

Accuracy

This power meter actually measures the log
of the input voltage because it uses a log amp
as the detector. The log amp’s output increases
linearly with an exponential increase in input
power. (Remember, P = V2/R and log V2 =2
log V.) As long as the input signal is a
sinewave, the power meter's reading is accu-
rate. This isn’t a problem in most RF or audio
applications because the signal being measured
is usually a sinewave. Table 1 shows the effect
of waveform on logarithmic intercept for non-
sinusoidal signals,

Measuring frequency

The limiter output of the AD606 may be used
to drive the high-impedance input of a frequen-
cy counter. In the absence of an input signal.
the 100 dB or so gain in the limiter tries to
amplify the AD606’s input noise. Thus, the
output swings 200 mV p-p on noise until an
input signal, even one as low as —80 dBm, is
connected. |

Hy-Gain Introduces DX77 Advanced
Vertical Windom with “No Ground
Radials™ Required

Telex Communications, Inc. has introduced
its new Hy-Gain DX77 Advanced Vertical
Windom. The design of this vertical antenna
provides no-compromise performance without
the need for ground radial wires. It puts the
world at your fingertips on HF ham bands, 10
through 40 meters. including the WARC
bands. The DX77 AVW can handle 1,000
waltts of RF output. Automatic band switching
and low angle of radiation allows for enhanced

PRODUCT INFORMATION

DX capabilities. The DX77 is designed with
double wall tubing, steel mast clamps and all
stainless steel hardware. The 29 foot vertical
also features a new easy-tile mount that makes
lowering it for tuning easier, and facilitates
mounting on a pole, chimney, rooftop or deck.
It can also be used for portable operation. The
DX77 comes with Telex’s 2 year limited anten-
na warranty.

For further information, write to Telex
Communications, Inc., 8601 E. Cornhusker
Highway, P.O. Box 5579, Lincoln, NE 68505;
or phone: 402-467-5321; fax: 402-467-3279.




Rick Littlefield, K/BQOT
109A McDaniel Shore Drive
Barrington, New Hampshire 03825

QUARTERLY DEVICES

Radio Adventures Corp's CMOS CW

keyer chips

his column usually features high-tech or
I consumer-electronic devices that have a

secondary application for amateur radio
projects. However, this time, I’ll present a fam-
ily of devices especially designed for the ama-
teur experimenter and builder. The product is a
family of CMOS CW-keyer chips, and the
company is Radio Adventures Corp. of Seneca,
Pennsylvania.

Radio Adventures Corp. was founded by Lee
Richey, WA3FIY. After a successful career
designing and manufacturing industrial control
systems, Lee sold his control business and set-
tled into an early retirement. However, it
wasn’t long before his amateur radio hobby
grew into a new enterprise. RAC’s first product
was a simple direct-conversion WIAW code-
practice receiver kit, but Richey claims the
company’s real focus is on developing special-
purpose preprogrammed microcomputers such
as the RAC keyer chip.

All'in the family

According to application literature, RAC
Iambic Keyer/Controllers are based upon the
Microchip PIC-series microcontroller. This par-
ticular platform supports a customized keyer
design that provides a wide range of features,
while also offering extremely low power con-
sumption and competitive pricing. There are
currently three devices in the C1 family—plus
anewly added economy version called the C2.
The C2 has fewer features and consumes more
power, but also costs about 1/3 less.

The C1 family provides all the essential
keyer functions we’ve come to expect from the
well-established Curtis chips over the years—
along with some interesting added features and
control functions. Table 1 provides a function-

by-function comparison between the C1, C1A,
C18S, and C2 (note that C18S is identical to C1A,
except the transmit interlock feature is omitted
in favor of a dedicated pin for switching of the
Autospace function). Here’s a brief rundown of
what the C1’s primary features are—and what
they mean to dedicated CW operators:

» [ambic A and B operation, selected by raising
or lowering the state of the mode pin.

* Variable speed range (10-40 w.p.m.). Timing
is crystal (or ceramic resonator) controlled for
high accuracy over large changes in voltage
or temperature.

+ Adjustable spacing (to compensate for trans-
mitter waveshape distortion), or standard one-
dot spacing.

» Adjustable weighting (to compensate for
transmitter characteristics or personal prefer-
ence), or standard 3:1 weighting.

+ Adjustable sidetone with sufficient internal
drive for headphones or an efficient speaker.
Pitch variable from approximately 500 to
1000 Hz.

« Built-in transmit sequencer with three outputs
to provide full QSK and semi-break-in keying
control (more details on this below).

« Bug Mode (single or double paddle) sends
dots according to speed setting, while dashes
are sent manually. Autospace mode can be
set for automatic spacing after dots, or for
automatic spacing after dots and dashes.

+ Straight Key Mode allows the use of a
straight key, mechanical bug, or tune switch.
Autospace function may also be used in this
mode. Mechanical key contacts are electroni-
cally de-bounced to provide clean high-speed
QSK switching.

» CMOS technology allows operation over a
wide voltage range (3 to 6 volts), wide tem-
perature range (0 to 70 degrees C), and low
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Features C1 Cl1A C18 Cc2
Iambic A X X X X
Tambic B X X X X
Dot Memory X X X X
Dash Memory X X X X
Space Compensation X X X

Weight Compensation X X X

Bug Mode X X X

Speed Range 10-40 10-40 10-40 10-40
Sidetone (hz) 500-1000 500-1000 500-1000 500-1000
Straight Key / Bug Input X X X X
Debouncing X X X X
Autospace X X X X
Semi Breakin X X X

Transmit Sequence X X X X
Interlock X X

Sleep (low power) X X X

Crystal (Mhz) 2.097 2.000 2.000 2.000
Xtal included with part X X X
Voltage (vDC) 3-6 3-6 2.6-6 3-6
Operating Current <2mA <2mA <2mA <SmA
Idle Current <luA <luA <luA <ImA
Package (Pin Dip) 18 18 18 18
Price $14.95 $14.95 314,95 $9.95

Table 1. Keyer matrix.

operating current (1.5 mA average, 5 pA in
sleep mode).

» High output drive—more than 10 mA in out-
put current available to drive switching tran-
sistors and sidetone monitor speaker.

Sequential T/R Control and
Interlock

As outlined above, the C1 features a built-in
transmit sequencer that allows you to custom-
designed your radio’s T/R switching system.
Three different outputs are available for full
and semi-QSK operation. For semi-automatic
T/R switching, the chip’s SEMI pin is timed so

that output goes low when you key—and stays
low until 3/4-second after the last element is
sent. (The 630 mS “hold” time is typically long
enough to prevent T/R switching between indi-
vidual letters or between words strung together
in a sentence.)

Also, whenever the key is closed, the ANT
and TX logic pins go high in sequence to pro-
vide full-QSK switching outputs. The chip is
internally timed so the ANT output changes
state 5.5 mS before the TX pin. This sequenc-
ing ensures that the receiver front end is fully
disconnected—and the load transferred to the
transmitter—before the PA comes on.
Sequencing may also be used to shift a VFO or
BFO offset in advance, preventing chirp or a




shortened character on the first CW element.
When an element is completed, the TX pin
goes low immediately. The controller then tests
the INTERLOCK pin, which is driven external-
ly. If the interlock is held low for any reason
(parasitic RF output, or whatever parameter is
being monitored), the antenna transfer will be
prohibited. If the interlock input is high, anten-
na transfer will {ag transmitter shutdown by 5.5
pS. Sequencing can be used in homebrew
designs to provide for antenna transfer, VFO

shifting, receiver muting, and transmitter key-
ing in both semi and full-QSK modes. Note that
the interlock input function is only available in
the C1A version.

Using the C1S in a keyer circuit

Cl-based keyers may be as simple or com-
plex as you wish to make them. The schematic
shown in Figure 1 depicts a C1S “minimalist”

C18 Pinout Description

Pin# Pin Name Pin Type Function

1 SPACE ANALOG Variable DC voltage to vary the space to weight ratio.
Tie pin to ground to enter "bug" mode. Tie pin to VDD
to provide standard 1:1 dit to space ratio.

2 WEIGHT ANALOG Variable DC voltage to vary the dit to weight ratio. Tie
pin to VDD to provide standard 1:3 dit to dah ratio.

3 SEMI ouT Active low output during keying operation. Pin goes
high approx 620 mS after last element is sent.

4 RESET IN Active low input to reset the C1.

5 VSS POWER Ground.

6 TONE ouUT Sidetonc output.

7 AUTOSPACE IN When high, AUTOSPACE inserts spaces between
elements being sent by straight keys or bugs.

8 MODE IN When high and when using a paddle, C1 operates in
fambic A mode. Low for lamic B mode. When high and
using straight key or bug, spaces are inserted after key
opening.

9 ANT OouT On key closure, ANT goes high 5.5 mS before TX is
keyed. On key opening, ANT goes low 5.5 mS after TX
goes low.

10 TX OouT TX goes high 5.5 mS afler ANT. TX goes low after
element is sent in keyer mode or 5.5 mS after key opens
in straight key or bug mode.

11 SK IN Straight key input. Also used for semi-automatic (bug)
key. Debounced. Active low.

12 DIT IN Dit input from paddle. Active low.

13 DAH IN Dah input from paddle. Active low.

14 VDD POWER Power, 2.6 to 6vDC. Less than 5 uA during sleep, less
than 2.0 mA while operating.

15 XTAL2 OUT Crystal connection.

16 XTAL! IN Crystal connection. May be used for external clock input.

17 SPEED ANALOG Variable voltage to set keyer speed. Speed varies
inversly with input voltage.

18 PITCH ANALOG Variable voltage to set sidetone pitch. Pitch varies
inversly with input voltage. Tie PITCH to VDD to
provide default 750 Hz pitch.

Table 2. C1S pinout description.
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Figure 2. C18S application diagram.

circuit that uses your transceiver’s built-in T/R
switching and sidetone functions. Note that
speed is adjustable from 10 to 40 w.p.m., but
default settings are used for parameters such as
weighting and spacing. RAC markets a C1S-
based keyer similar to this called the
“CodeBoy.” The CodeBoy is available in kit or
assembled form (see Photo A). The unit mea-
sures a scant 1-3/16 x 3-1/8 x 2-7/8 inches,
weighs about 3-1/2 ounces, and draws power
from an internal Lithium battery. Unlike the

diagram shown in Figure 1, the CodeBoy uses
FET output switching for transmitter keying.
Figure 2 shows a more complex circuit that
provides access to the full range of C1S fea-
tures. A minimal number of external parts are
required to access each of these functions.
Basically, you can customize your own design
using only the specific functions you need, and
either omitting or setting defaults for the rest. A
pinout description for the C1S is shown in
Table 2. The documentation package that
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Photo A. Inside the CodeBoy keyer.
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accompanies these devices is detailed, and you
should have little difficulty understanding 1/0
interface requirements. When working with the
C1 and C2 chips, remember that they are
CMOS devices and subject to damage from sta-
tic discharge.

How to order

Because RAC caters almost exclusively to
the amateur experimenter market, they cannot
offer design samples to home builders. To
order RAC products, you may call them at
(814) 677-7221, or write them at Radio
Adventures Corporation, P.O. Box 339,
Seneca, Pennsylvania 16346. RAC's FAX
number is (814) 677-6456, and they may be
reached on-line via the Internet at rac@usa.net.

The C1A, C18S, and C2 come complete with
a 2-MHz ceramic resonator and a full docu-
mentation package. Single lot price is $14.95,
$12.95 each for lots of 10 to 49, and $8.49 each
for lots of 50 and up. The C2 sells for $9.95 in
single lots, $8.95 for lots of 10 to 49, and $5.95
for lots of 50 and above. CodeBoy keyers are
available for $37.95 in kit form and $54.95
assembled. RAC is also in the process of intro-
ducing the C5, a low-cost 50-MHz programma-
ble frequency-counter chip suitable for trans-
ceiver frequency readout applications.
Preliminary data sheets are currently available,
and pricing will be identical to Cl-series chips.
A catalog of all RAC products is available
upon request. RAC accepts VISA and
MasterCard. Please add $3.75 S&H for single
items, and add 5 percent for credit card orders
under $25.

Conclusion

RAC microcontrollers appear to offer some
very interesting possibilities for designers and
builders of amateur equipment, The RAC phi-
losophy is to provide special-function micro-
controller chips for communication applica-
tions with programming already in place. This,
in turn, enables designers to use the device off-
the-shelf, without having to configure
EPROMS and load data. Richey feels that
advanced technology has brought us to a point
where designing high-performance home-built
equipment has never been easier—and |
couldn’t agree more! As usual, we invite read-
ers to submit projects using “Quarterly
Devices™ for publication. If you have a unique
application for the C1 or C2 CMOS keyer,
please let us know! =

New Function Generators From B+K

B+K Precision now has new function gener-
ators that offer much higher levels of overall
performance than previous models at their
respective prices. A proprietary integrated cir-
cuit reduces the number of parts and doubles
the bandwidth for improved reliability. The
new line consists of four models, with band-
widths from 2 MHz to 20 MHz. Model 4010
has 0.2 Hz to 2 MHz bandwidth and all the
basic functions, including sine, square, triangle
waves, TTL and CMOS outputs, variable
waveform symmetry, and variable DC offset.
Model 4011 is a step up with 0.2 Hz to 5 MHz
bandwidth and a built-in 4 digit LED counter.
Model 4017 has 0.1 Hz to 10 MHz bandwidth,
a 3 digit counter, and lin/log sweep. Model
4040 has 0.2 Hz to 20 MHz bandwidth, AM,

PRODUCT INFORMATION

FM, and burst operation in addition to all the
features of the 4017.

Sine wave distortion is under 1%, with better
than 0.35dB flatness across the specified band-
width, Square wave rise time is under 50nS.
CMOS output level is variable from 4 to 14.5
volts peak to peak. Duty cycle is variable
(15:85:15). All models are compact, light-
weight, and stackable, with tilt stands for con-
venient use. Bright red LED counters are used,
with coarse and fine frequency adjustments for
accurate setability. The function generators
operate off 120 or 230VAC. All are backed by
B+K's |-year warranty.

For more information or the name of your
nearest B+K distributor, contact B+K
Precision, 6470 West Cortland St., Chicago, IL
60635; phone 312-889-1448.




James M. Lomasney, WA6NIL
2501 Waverley Street
Palo Alto, California 94301

MAGNETIC UNITS
AND FORMULAS

A Handy Guide for People VWorking

in Magnetics

wound coils and had to become familiar with a lot of magnetic units. For my own education ]
made up a list of these strange-looking terms, their definitions and the relations between them,
and the derivation of some of the practical design equations. I have many times since found it handy
to have all this stuff together, and I think other people working in magnetics will also find it useful.
The test is essentially as I wrote it in 1980, except for the addition of the definition of gamma—a
small unit of magnetizing intensity convenient for magnetic prospecting and similar uses.

B ack in 1980, while employed at SRI International, I worked on a project involving large air-

Basic quantities

o= permeability
webers per ampere-meter (MKS system) (meter/kilogram/second)
oersteds per gauss (cgs system) (centimeter/gram/second)
Yy = permeability of vacuum =1 (cgs system)
= 10-7 (MKS system)
Y = W, = relative permeability (dimensionless)

(Note: because i, = | in the cgs system, in that system
p = . But yis not dimensionless.)
B = flux density, or magnetic field, or magnetic induction

gauss
maxwells per cm? or per inch?
lines per cm? or per inch?
tesla

webers per m? or per inch?

b = flux
maxwell
line
weber

H = magnetizing intensity

oersted

gamma

ampere-turns per unit length
magnetomotive force (mmf) per unit length
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Definitions of units

Symbol
Ampere Unit of current I
Ampere-turn Unit of magnetizing force (cgs system) NI
Gamma Unit of magnetizing intensity !11*
= 0.00001 oersted or 10 micro-oersted o
Gauss = 1 maxwell or line per cm? (cgs system) B
Gilbert Unit of magnetizing force or magnetomotive force
= 0.4m ampere-turn = 1.257 ampere-turn F
Henry Unit of inductance, flux linkages per ampere; volts
induced per time rate of change of current, amperes
per second
Line Unit of magnetic flux (cgs system)
(same as maxwell) o
Line/inch? Unit of flux density = 6.45 gauss B
Maxwell Unit of magnetic flux (cgs system) (same as line) o
Oersted Unit of magnetizing intensity
= 1 gilbert per cm of path length
= ().4m ampere-turn per cm H
Tesla Unit of flux density (magnetic field)
= 10# gauss
= webers per m? (MKS system) B
Weber Unit of magnetic flux (MKS system)
= 108 maxwells or lines d
Note: The Earth’s magnetic field is of the order of 0.6 oersted.
Derivation of the transformer equation
Faraday's Law for a single-turn circuit:
do
€ = —
dt (1) einvolts

@ in webers

That is, the induced emf in a circuit is equal to the rate of flux change through it.
For N turns:

do

€ = -N d
t (1a)

In the cgs system:

do
€ =-N (10-8)

d - (1b)® in maxwells or lines
t (Lee 2)f21

For sinusoidal flux vanation:

D =P, sin ot 2)
de
" =Q . @Cos wt 3)

Substituting (3) in (1b):

E ~N®, ., wcos wi(10-8) @)

max =

* References are vn the lasi page



However, the effective value of €, is E =.707 €,,,,, and w = 2nf. Then:

E = (707)2nfN®, . (10-8) (5)

E =444 fNO,, (1078) (5a) (Leed)!2]
Then:

I08E = 4.44 NBAf (6)

where E = volts RMS
N = turns
f = frequency, Hz

and B = gauss or B = maxwells/inch?
or lines/inch?
A=cm? A = inch?

In the MKS system:
E = 4.44 NBAf (6a)

where B = teslas (or webers/m?)
A = meters?

Solving (6) for N:
N 108E
- ) )
4.44BAT (7)(Lec 32)

This is the usual form of Faraday’s equation used for the design of transformer windings.

In many cases. information on cores is published as flux density in gauss and core area in inches?.
The following form of equation (7) may then be used:

N 3.49(109E
= (7a)(Lee34)[2I B in gauss
BAf A in inch?

Note that this formula has incompatible units.

Inductance

By definition*

B
p: JO——
q (8)

where p = permeability
B = flux density
H = magnetizing intensity

* Equation & iy analogous to Ohm’s law, which is usually given as:
E
R = —
1

where R is in ohms, E is clectromotive toree (emt) and [is current in amperes.

Ohm’s Jaw can also be wntien as:
I
G= E
where G = 1/R (conductance in mhos or siemens)
Then G conesponds to pin the magnetic circuit, E (emf) corresponds to H (magneto motive foree or mmi), and I (current flowing as a result of emf acting on G) cor-
responds to B (flux density set up by mmt acting on the magnetic circuit).
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In vacuum or equivalent medium p = p, and in the cgs system:

o= ——— (8a)

where B is in gauss and H is in oersted
But in vacuum p = p, = 1 and:

B(gauss) = H(oersted) (8b)
Recall that the oersted is defined as 0.4n ampere-turn/cm.

Substituting this in (8b):

B = 0.47NI/1 ®

where B is in gauss, NI is in ampere-turns, and | is the magnetic path equivalent length* in cm.

Inductance may be defined as flux linkages per ampere. Lee? gives (his Equation 37) in cgs units:

PN BAN
L= = (10)
1081 108]

Substituting Equation 9 in Equation 10:

1.25N2A

L= ——— 1
1081 an

where L is in henries, N is turns, A is in cm?, and 1 is the equivalent path length in cm.
ar,

3.19N2A
L= T (11a)

where A is in inches2, | is the equivalent path length in inches, and other units as above.

Inductance carrying direct current

In an inductor having a core of ferromagnetic material and carrying appreciable direct current, the
core permeability is not quite constant, but depends on the level of DC magnetization in the core.
The relative permeability p, for the DC component B, of flux density in the core may be found
from the published B-H curve for the core material. For the AC component B, the relative perme-
ability is the incremental permeability p, defined by the slope of the B-H curve over the interval of

* The equivalent path length | is the path length in vacuum or equivalent medium that has the same effect as the actual path having a given physical length and core
permenbility. In a core having length 1, and permeability p,.

L
H

[n  path which is partly of permeabitity py and partly of perineability . *

I 1
= e——
uy '
If the path is a core of path length | and relative permeability p., in series with an airgap of length lg and relative permceability u, = 1 (in the cgs system), then:
!
l=1,+ -

He

Because | is defined us a path length in vacuum, Equation 8 holds and Equation 9 is valid.



AC magnetization centered on the operating point established by the DC magnetization. The incre-
mental permeability may differ from the DC permeability, sometimes quite substantiaily so.

For a core with a substantial airgap, such that the equivalent path length | in the core is due prin-
cipally to airgap, an average of 0.85B crosses the gap, because of fringing. Therefore, the DC com-
ponent Equation 9 becomes:

By = ().477tNIdC/1g 12)
With 1g in inches:
By = 0.6Nldc/1g (12a) (Lee 35)I21

where By is in gauss, Nl is in ampere-turns, and 1, is the airgap in inches. This equation, like
Equation 7a, has incompatible units.

For the AC component of flux, transpose Equation 7a to obtain:

_ 349(10°8)E
¢ NA f
where B, is in gauss, E is rms volts across the winding, N is turns, A is in inches?, and f is in Hz.
However, the sum of B, and B, is B,,,. Typically, B, should not exceed:

B (13) (Lee 36)12!

12,000 gauss for 4% silican steel at 60 Hz
16,000 gauss for grain-oriented steel at 60 Hz
10,000 gauss for 50% nickel alloy

8.500 gauss for 4% silicon steel at 400 Hz
12,000 gauss for grain-oriented steel at 400 Hz

For other materials and at other frequencies, the recommendations of the core manufacturer
should be followed.

The inductance of a coil having a core with a substantial airgap can be found by substituting the
appropriate expression for equivalent path length in Equation 11a:

3.19(10-3)N2A .
1g = lc/”A)

L=

(14) (Lee 3812l

where L is inductance in henries, N is turns, A, is core area in inches?2, 1, is airgap in inches, 1, in
core path length in inches and p,is the incremental permeability.

Choice of toroid core for power inductor

The choice of core for a power-handling inductor is determined by the energy storage needed.
The energy stored in an inductor is:

W = 1/2L1? (15)
where W is in joules or watt-seconds, L is in henries, and I is in amperes.

The energy storage capability of cores is usually given as the LI? product, which, as Equation 15
shows, is proportional to joules.

For toroid cores having no airgap, i.e., uncut, the path in the toroid has uniform permeability, and
the equivalent path length 1 for a path of length 1_ and relative permeability y, is simply 1 /u,. Then
substituting in Equation 9:

B 0.4, NI,
xS (16)

<

where 1. is in centimeters.
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Because toroids are available in a wide range of permeabilities, the question arises as to what per-
meability should be chosen to obtain the largest LI product from a core of a given physical size.
Solving Equation 16 for I,,,,, we obtain:

Bax!

max - ¢

Linax = —_— 17
e 0.47tNp, an

The inductance obtainable with a given toroid is often given as Ay, the inductance of a 1000-turn
coil on the toroid. If we let N = 1000 in Equation 17, the LI? product will be:

2
5 Bmaxlc 18
LIZ= Ay 1257y, (18)

Where L is in henries, I is in amperes, A[ is in henries, Bmax is in gauss, 1 is in cm, and y, is rel-
ative permeability. Note, however, that the published values of A; are usually in millihenries.

If we compare two cores with the same dimensions and B, but different p, by examining the
squared term in Equation 18 we see that decreasing p, will increase LI2,, as the second power of
ur. However, decreasing i, has the opposite effect on A ; decreasing pr will decrease A as the first
power of .. The net effect is that, for a given B, LIZ,, will vary inversely as .. For LIZ_ .. lim-
ited by core saturation, therefore, it is advantageous to select as low a value of p, as possible. (Note
that this differs from the case of an AC transformer, where for a given core geometry and number of
turns one wishes to minimize the magnetizing current in the primary, hence tends to choose a mater-
ial having as high a value of , as possible.)

The allowable value of LI2,, for a given size core may also be limited by temperature rise. A
power inductor will have core loss (eddy current loss and hystersis loss) due to the alternating com-
ponent of current, and copper loss (IZR loss where R is the resistance of the winding) due to both
AC and DC componeunts of current. For an inductor carrying substantial DC (the usuval case), the
copper loss will usually predominate.

For a given weight of copper, a core with lower p, will need more turns and therefore a smaller
wire size, thus more I2R loss. From this standpoint, it is advantageous to choose the value of p, as
high as possible, which conflicts with the criterion for choosing p, as determined by core saturation.

Reference 3 provides a method of finding the LIZ_,, capability of a core as limited by tempera-
ture rise. It also gives tables of L2, for various cores as limited both by core saturation and by
temperature rise. It turns out that a toroid having u. of 60 will be limited by core saturation, while a
core with i, of 26 may have a slightly larger LIZ_, product; but the core with y, of 60 may require
less copper and result in a more economical design. Cores with y, greater than 60 or less than 26
will have lower LI2 . capabilities. On balance, then, a core with y; of 60 will usually be the best
choice, but in some cases a p, of 26 may work out better.
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Peter O. Taylor

AAVSO Solar Division
4523 Thurston Lane, #5
Madison, Wisconsin 53711-4738

THE SOLAR SPECTRUM

Monitoring radio bursts from solar flares

n addition to its more well-known phenome-

na, the Sun is the source of several kinds of

radio emissions, reflecting different aspects
of solar activity. Certain teatures—solar flare
waves and material ejection for example—
should be detectable in the characteristic radio
frequencies emitted by the Sun’s aimosphere
(corona), and indeed they are. Experienced
radio amateurs may find the recording of such
information quite interesting. Accordingly, fol-
lowing a brief outline of this aspect of solar
activity, our collaborator, Peter D. King.
G8KIJP (Electronic Engineering Department,
Cambridge University) describes his technique
for measuring these effects.

Solar radio emission bursts are recorded at

fixed and sweep frequencies by a worldwide
network of observing stations. In the United

States, these data are compiled by several orga-
nizations within the National Oceanic and
Atmospheric Administration (NOAA), and are
made available to a number of interested scien-
tists and researchers. The bursts (Figure 1) are
ranked on an intensity scale of 1 to 3 with 3 the
highest. They are classified as follows:

» Type 1 are short bursts—about one second
long—which usually occur in large numbers
(i.e., a Type I noise storm). They occur in
conjunction with large solar active regions,
flares, and eruptive prominences, and are
recorded at frequencies of 80 to 200 MHz.

« Type II are slow drifting, large-intensity
bursts 5 to 30 minutes in length that are asso-
ciated with powerful flares, proton emission,
and magnetic shock waves. They are moni-
tored at 20 to 150 MHz, and are indicative of

1000
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Figure 1. This diagram illustrates each major type of solar radio burst in a typical configuration following a large solar flare (see text).
Note that not all of these features are observed after every flare. Source: The New Culgoora Radiospectrograph Technical Report IPS-

TR-93-03.
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Photo A, The King VHF radio telescope. Note the vacuum tube noise generator to the top of the photo, which is used

to calibrate the system,

a shock wave moving outward through the
Sun’s atmosphere at a speed of 1000 to 1500
kilometers per second.

* Type [ and Type III bursts are the most com-
mon of these emissions. The latter are fast
drifting bursts 1 to 3 seconds in length, which
are recorded at between 10 kHz and 1 GHz.
Type I bursts are rooted in flares and active
regions, and often occur in groups. The fre-
quency drift of such bursts corresponds to an

electron stream moving at 100,000 km/sec.
Type IV bursts are classified as “stationary’
(duration hours to days). or ‘moving" (dura-
tion 30 minutes to 2 hours). The former are
recorded at frequencies of 20 up to ~1000
MHz. and occur in conjunction with flares
and proton emission. On the other hand, the
rarer moving Type [V bursts (20 to 400 MHz)
are associated with eruptive prominences or
solar magnetic shock waves. Type IV bursts

Photo B. The two 110-MHz antennas that form the basis of the interferometer,



ELEMENTS GAIN

Five 6.5 dB

BEAM WIDTH

128 degrees

ANTENNA CAPTURE

Four square meters each

Table 1. 100-MHz antenna parameters (modified from broadcast 88 MHz).

begin about 10 to 20 minutes after certain
major flares.

» Type V bursts follow some Type III bursts
and last about 1 to 3 minutes. Their source is
the same as Type III, although they are gener-
ally recorded at 10 to 200 MHz.

When monitoring these phenomena, Peter
King’s VHF radio telescope is configured as a
110-MHz switched-phase radio interferometer,
offering the advantages of interference and
increased sensitivity over other types of radio
telescopes. A schematic diagram of Peter’s
instrument array appears in Figure 2, and
Photo A shows the arrangement of the elec-

tronics components. (All photos courtesy of
Peter King.)

The two antennas (Photo B, Table 1) are
normally fixed and set at an angle of 25
degrees. However during the winter, when the
Sun is low in the sky, the angle is decreased to
15 degrees. Consequently, the beamwidth of
the antenna (£28 degrees) allows the Sun to be
tracked with good results throughout the year.
Both antennas point south, and are located on
an imaginary line running from east to west,
thus, the interferometer relies on the Earth’s
rotation for tracking the Sun.

The antennas are spaced three wavelengths

ANTENNA 1 ANTENNA 2

71 10MHz AERIAL PREAMPS

DIODE SWITCHING UNIT VHF TUNER IF AMPLIFIER
ENrEast
A RADIOMETER
r INPUT PHASE
BUFFER DETECTOR INTEGRATOR

>

IL

—» [

. PHASE SWITCH
_ OSCILLATOR

PHASE SWITCH
DRIVER

—4-

<4

CHART AMPLIFIER

360Hz SQUARE WAVE ’

DETECTOR

A

!

T0 RECORPER

Figure 2. Block diagram of Peter King’s radio interferometer, which he uses to monitor solar radio bursts at 110 MHz. Note that the output
of the adjustable voltage regulator (Motorola LM317T) should be set by the 5-k resistor to give an output of 2 to 4 volts, The maximum volt-

age on the AGC line should not exceed 5 volts.
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10.7MHz INPUT

I +12v

10ufF

10.7MHz PREAMP

159F’

TR3819 Jisp

w1

10.7MHz WIDEBAND AMP

7
10nF T2

A.G.C. VOLTAGE SUPPLY

VR317

5KQ i

il @

| _LF DETECTOR STAGE

Figure 3. Schematic for the 10.7-MHz preamplifier, 10.7-MHz wideband amplifier, AGC voltage supply, and detector.
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apart, giving an interference fringing of three
lobes. According to Peter, a longer baseline
might well result in losing flare effects in the
lobes. (Twenty wavelengths produces twenty
fringes. Therefore, a small flare could be lost in
the fringes.) The time-constant in Peter’s sys-
tem is 2 to 3 seconds—ideal for recording Type
IT and III bursts.

In the schematic representation, the
radiometer and antenna switching unit are
adopted from circuits shown in the May
through September 1978 issues of Sky and
Telescope magazine. Peter tested numerous
circuits throughout the years and believes that
these are superior. The integration time is
switched between 1 and 10 seconds. The inter-
val could easily be increased to 30 seconds or
longer, but the shorter time-constants appear
to be better for solar observations.

The varicap tuner is a FM broadcast. front-
end tuner-head consisting of an RF amplifier

and mixer oscillation, resulting in a IF output of
10.7 MHz. This approach provides a fast way
into mixer/oscillator designs—not always an
easy task. An equivalent tuner should be easy
to locate in the U.S.

The IF amplifier shown in Figure 3 consists
of a 10.7-MHz matching input transformer fol-
lowed by a FET, then another matching trans-
former. These in turn, feed into a main IF
amplifier consisting of three Plessey SL1612 IF
amplifiers (available from Cirkit Distribution
Ltd., Park Lane, Broxbourne, Herts, England
EN10 7NQ).

The ICs are each regulated by a DC voltage
via the 100-ohm resistor on Pin 7, which also
acts as an AGC voltage. The bandwidth of the
amplifier 1s 250 kHz, with a nominal gain of 90
decibels. The gain of the 10.7-MHz IF preamp
is 23 dB, so in most cases the AGC voltage
must be applied to the IF ICs; otherwise, the
entire amplifier could become unstable. The



TUNER

Power Amplification dB typical
Noise Figure dB 55dB
IF Bandwidth MHz 500 kHz
RF Bandwidth MHz 1.7 MHz
Image Rejection dB 80 dB
[F Rejection dB 100 dB
Tracking 88-110 MHz dB 1.5dB

Source: Cirkit (EF 5402) 1979

COAX DOWN-LEADS

CABLE ATTENUATION 75Q IMPEDANCE
CHARACTERISTICS

7582 1.3 dB for 10 meters —

75€ 0.7 dB for each lead 5 meters each lead

10.7 MHz IF PREAMPLIFIER RF/IF AMPLIFIER IC R.S. 1612C
PARAMETERS CONDITIONS MIN TYPE MAX UNITS
Voltage Gain Rs =50Q RIl=600Q 31 34 38 dB
Cut-off Frequency (-3 dB) — 15 — MHz
Noise Figure Rs = 600€2 — 3.0 — dB
Max Output Signal Max AGC — 1.0 - V rms
Max Input Signal Max AGC — 250 — mV rms
AGC Range Pin7.00V105.1V 60 70 — dB

Source: Radio Spares Data Sheet, 1984 (England).

Table 2. Component characteristics.

detector can be any germanium diode.
Component characteristics are outlined in
Table 2, and Photos C through E show several
of these devices.

Peter records these data using a Rickadenki
four-pen chart recorder (Photo F) running at a
speed of three centimeters per hour. He notes
that this method may seem old fashioned in this
day of digital record-keeping. but his prefer-
ence remains the pen-type recorder and the
clear, easily analyzed record it produces.
Although the system is still under development,
Peter says it has already proved to be an excel-
lent performer.

Peter also records solar flare-induced sudden
ionospheric disturbances for the AAVSO Solar
Division, using Arthur Stokes” gyrator-tuned
VLF receiver (described in the Spring 1994
issue of Communications Quarterly). This
aspect of the King system uses an intriguing
variable gain filter as a noise reducer along
with several other innovative accessories. We'll
2o into more detail about that setup in a future Photo C. The radiometer printed circuit board,

Communications Quarterly



Photo D. The half-wavelength loop attached to the antenna switching unit.

T column; in the meantime, interested parties can
contact Peter through the following addresses:

Peter D. King, F.R.A.S., GERKJP
38 St. Bede's Gardens
Cambridge. England CB1 3UF
Internet: pdk@eng.cam.ac.uk

Cycle 23 Sunspots Observed af
learmonth Observatory

During mid-August, John Kennewell, Chief
Physicist at Learmonth Solar Observatory in
Australia, provided the astronomical communi-
ty with one of the earliest reports of activity
from the coming solar cycle (cycle 23). His
report and analysis of these events follows.

As of August 13, a total of three sunspot
groups potentially belonging to new solar cycle
23 have been observed at Learmonth Solar

HELIOGRAPHIC LATITUDE

| * | Observatory, jointly run by the USAF Space
' Command and IPS Radio and Space Services
-0 Lota PR N TR TR TR B (Figure 4). Using hourly full-disc magnetic
1985 1990 1995 diagrams via a network connected to the recent-

ly established NSO/GONG site on the North
West Cape of Western Australia, observers on

Figure 4. Butterfly diagram showing the heliographic locations of all

emerging sunspot groups during solar cycle 22 (through August August 13 reported lh‘f third potential new
1995), as determined by the NOAA/USAF SOON network. The first cycle sunspot group. These groups were also
spot group of cycle 22 is represented by the filled-square symbol at observed by Kitt Peak magnetogram and at the
the far lower left. The probable first groups of the new cycle (cycle Big Bear Solar Observatory in California,
23) are depicted by the open-square symbols to the extreme right. Details of the groups are:

Date NOAA Region Latitude Carr. Long.  Max # Spots Class

May 13 7872 NI3 321 2 Bxo

Jul 26 7893 SIS 125 3 Axx

Aug 13 7899 S20 215 2 Bxo

50  Fall 1995
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Photo E. The IF amplifier and detector circuits,

All of the above regions had the correct
hemispheric magnetic polarity for cycle 23.
(The magnetic polarity of regions in the Sun’s
Northern and Southern Hemispheres reverses
each solar cycle.) Although it did not develop
sunspots. a fourth region located at 38 degrees
north latitude on August 24 also showed new

cycle polarity. However, the low latitudes of
these sunspot groups could call into question
their cycle allegiance. In recent cycles, the lati-
tudes of the first spotted region has typically
lain between 25 and 40 degrees.

It is not uncommon for a region belonging
magnetically to one hemisphere to become

iR 4 s o

} acapadadse

CAAA A,

Photo F. Peter King uses this four-pen chart recorder to register the results of his radio emission measurements,
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‘lost” and ‘stray” into the wrong hemisphere.
Most such groups are located at latitudes less
than 10 degrees, while from 10 to 20 degrees
we have a grey area. However, in lost groups
the leader polarity is typically poleward of the
trailer. Such was not the case for Regions 7893
and 7899. Both of these regions had the leader
inclined toward the equator. In fact, the axis of
Region 7893 was inclined almost 45 degrees
equatorward.

The major significance of new cycle spots
lies in their predictive value for the minimum
of the current cycle which coincides with the
onset of the new cycle. Typically, minimum

does not occur until at least 12 months follow-
ing the appearance of the first spot group of the
new cycle. Details for the last three cycles are:

Cycle  First Spot Minimum Latency

20 Sep 1963 Oct 1964 13 months
21 Nov 1974 Jun 1976 19 months
22 Mar 1985 Sep 1986 16 months

On the basis of past behavior we would thus
expect the next solar minimum to occur
between June and December 1996 and the
duration of cycle 22 to lie between 9.7 and 10.3
years, noticeably shorter than the average cycle
length of around 11 years. =1

New DC/AC 600A Clamp Meter From B+K

B+K Precision’s new Model 366 clamp
meter measures AC and DC current and volt-
age, resistance, and line frequency. It has audi-
ble continuity and diode tests, plus peak hold
and data hold.

Model 366 measures AC and DC current in
two ranges at 2% accuracy with 100mA maxi-
mum resolution. The jaws accommodate con-
ductors up to 1.5 inches in diameter. DC volt-
age is measured at 0.8% accuracy up to 1000V.
AC voltage up to 750V is measured in two
ranges at 1.2% accuracy and 100mV maximum
resolution. Resistance measurements to 2000£2
are accurate to 1%. Frequency can be measured
to 2000Hz with 1 Hz resolution and 1% accura-
cy. Data Hold instantly freezes the display
reading, while Peak Hold captures peak voltage
and current readings as short as 100ms.

The Model 366 measures 8.2 x 2.6 x 1.3
inches and weighs 11.6 ounces. It comes with
9V battery, carrying case, test leads, and
instructions. For more information, contact
B+K Precision, 6470 W. Cortland St., Chicago,
IL 60635; or call 312-889-1448.

New EZNEC Antenna Software From W7EL
EZNEC overcomes the limitations of
MININEC programs because it is based on
NEC-2 code. EZNEC has all the advanced fea-
tures of its predecessor ELNEC including 3-D
antenna view display, with currents and anten-
na pattern superimposed: group editing features
to help make complex antenna descriptions; the
ability to rotate wires and change wire lengths
or antenna height with a single entry frequency
sweep; multiple plots on the same screen; and
one-key analysis to display gain, front/back
ratio, beamwidth, and other important informa-
tion. In addition to ELNEC features, EZNEC
also offers 500 segments for very complex
antennas; transmission line models, including
stubs: color printing with DeskJet printers;

copying of plots to Windows documents; auto-

PRODUCT INFORMATION

matic segmentation; comprehensive automatic
modeling guideline check: and full NEC-2
ground model.

EZNEC requires an 80386, 80486, or
Pentium processor; coprocessor (built in to
486DX and Pentium); and at least 2 megs of
available extended memory. Required disk
space depends on the amount of available
RAM. The program requires less than 2 megs.
If only 2 megs of RAM are available, EZNEC
will require 9 megs of disk space to analyze a
500-segment antenna, or no additional disk
space for up to about 200 segments. Less disk
space is needed if more RAM is available. An
EGA or VGA monitor is required. Supported
printers are HP LaserJet, color and mono-
chrome DeskJet, and Epson dot matrix, or com-
patible types. EZNEC can send a setup string to
the printer to put it into an emulation mode.
The program can be run under Windows as a
DOS application.

EZNEC is $89.00, postpaid to the United
States and Canada. ELNEC is $49: MaxP, $25.
Visa and MasterCard accepted. For more infor-
mation, or to place an order, write to Roy
Lewallen, W7EL, P.O. Box 6658, Beaverton,
OR 97007; or call 503-646-2885; or e-mail
w7el@teleport.com.

New Hewlett-Packard Catalog

Hewlett-Packard Company’s 1995/96 Power
Products Catalog (Literature 5963-3906 EUS)
is now available. The 66-page catalog contains
the latest technical information on alternate-
current sources, direct-current power supplies
and electronic loads, power-test systems and
solar-array simulators for the lab or factory.
Extensive listings of application information,
dimension drawings, front-panel photos and
product specifications are also included.

Copies of HP's 1995/96 Power Products
Catalog can be obtained in the United States by
calling the HP DIRECT support number: 1-
800-452-4844.




L.B. Cebik, W4RNL
1434 High Mesa Drive
Knoxville, TN 37938
(615) 938-6335

IN: cebik@utkvx.utk.edu

MODELING AND
UNDERSTANDING
SMALL BEAMS: PART 3

The EDZ family of antennas

he Extended Double Zepp (EDZ) has Yagis, the ZL Special. The EDZ also spawns a

been a lonely antenna for most of its life. family of antennas that include parasitic and

Even its vertical cousin, the Extended phase-fed beams. I'll try to fill in some of the
Single Zepp, seems to have changed its name to family tree without necessarily recommending
the 5/8-wavelength ground plane to avoid identi- everything that the computer modeling says is
fication with the EDZ.1* By contrast, everyone
kﬂOWS about the famlly Of antennas related to *This tongue-in-cheek introduction does have a serious point. The Jones hand-

. . book mentions the 5/8-wavelength vertical, especially as a broadcast antenna,

the half—wavelength d]p()le' the quarter-wave- as early as 1936—if not before. In my collection of old handbooks, the EDZ is
length ground plane, the 2, 3, and more—element not even mentioned, under that or any other name. into the [950s.

-3 Approximately 1 1/4 wi (41.4" to 44.6" on 10 meters) k}—

450—0hm parallel feedline
or ladderline (any length)

w Antenna

‘ Transceiver [7——‘»——‘
Tuner

R

50-0hm
Coaxial Cable

Figure 1. The basic structure of a horizontal single-wire EDZ antenna.
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Figure 2. Free space azimuth patterns of a 1/2-wavelength dipole and a single-wire
EDZ antenna.

3

" .8 deg.

218

Figure 3. Three free space azimuth patterns for short (41.4 foot), medium (43.0 feet)
and long (44.6 foot) EDZ antennas.

theoretically possible with the EDZ. What looks
good on the computer may not work in the back-
yard. However, I hope the ideas we’ll consider
may spur someone else to realize some of the
potential shown by EDZ beams.

Here’s a sample: A good 2-element dipole-
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based Yagi shows about 3-1/2 dB gain over a
similarly placed wire dipole. It would take 4 to
5 elements to achieve 6 dB gain over that same
piece of wire. Suppose one could make an 2-
element antenna with the same 6 dB gain over
the original wire. That fact would qualify the
EDZ beam as a small beam in boom length,
although not in element length. Both parasitic
and “‘135-degree” phase-fed versions of the
EDZ promise to give the computer-indicated
performance. However, achieving that perfor-
mance will impose severe restrictions that mark
the antennas for special purposes under narrow-
ly defined circumstances.

For this study, all antennas are referenced to
10-meters, with any exceptions clearly noted.
Within limits, the results can be scaled, at least
within the upper HF region of the spectrum.

The basic EDZ

Before turning to the more distant cousins of
the EDZ, let’s begin with the basic horizontal
EDZ. This is a wire antenna, about 1-1/4 wave-
lengths long, fed in the center. It presents a high,
complex impedance at the feedpoint, ordinarily
necessitating the use of parallel feeders and an
antenna tuner. Figure 1 suggests the basic setup.

The chief advantage of the EDZ over a reso-
nant half-wavelength dipole is bidirectional
gain. (See Figure 2, which provides patterns
for free space half-wavelength and EDZ
dipoles.) Relative to a wire dipole, whether in
free space or over real ground, the EDZ pro-
vides about 2.9 dB gain over the resonant
dipole, with a bandwidth in the main lobe some
45 degrees narrower. For the cost of wire, the
EDZ provides some significant advantages.

Some authors have provided formulas for
cutting the EDZ. The most common is based on
the long wire length formula:

L (in feet) = 984(N - 0.025)/f (in MHz)
where:

N = number of wavelengths, or
L (in feet) = 1205/f (MHz).

Beers prefers a constant of 1218, while
recent editions of The ARRL Antenna Book call
for 0.64 X\ per side, which yields a numerator of
1258.2.3

Most wire models using no. 12 to no. 18 show
their maximum gain in 10-meter models with a
length closer to 1225/f (MHz). However, such
number-crunching devices are misleading. They
obscure the fact that selecting the length of an
EDZ is always a compromise between gain and
another factor that dipole builders do not have to
confront: side lobes. Figure 3 overlays three



EDZ patterns for wires of different lengths. The
pattern with the greatest gain also has large side
lobes and a narrow beam width. The other pat-
terns show slightly less gain (less than -0.1 dB),
but the shortest model (L= 1180/f (MHz)) also
has the least off-axis gain. The cost of smaller
sidelobes is a higher capacitive reactance at the
feedpoint. In the end, selecting a length for an
EDZ may be determined less by absolute gain
potential than by the amount of off-axis QRM to
be tolerated. Table 1 summarizes the modeled
variations of gain and front-to-sidelobe ratio for
10-meter antenna lengths from 41.4 to 44.6 feet
in free space.

Had Figure 3 showed further shortening of
the antenna wire, the side lobes would have
eventually disappeared—just as the antenna
length approached a single full wavelength.
Moving in the other (longer) direction, the
main lobe gain quickly falls off to yield the tra-
ditional 6-petal pattern of a 1-1/2 wavelength
antenna. Figure 4 illustrates these extremes.

With the EDZ, there are also subtleties occa-
sioned by antenna height. Within the usual
amateur backyard building limits (20 to 70 feet
antenna height), antenna gain will vary, with
peaks at the 5/8, 1-1/8, and 1-5/8 wavelength
heights and minima at the 7/8, 1-3/8, and 1-7/8
wavelength heights. Unfortunately, the 7/8
wavelength height, about 30 feet on 10 meters
and 35 feet on 12 meters, is often a tempting
and convenient amateur construction height.
However, moving up a quarter wavelength in
height (to about 39 feet on 10 meters) can
increase gain by 1.6 dB over the 7/8 wave-
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Figure 4. Comparative free space azimuth patterns for 1, 1.25, and 1.5-wavelength

wire antennas.

length point and decrease the main lobe take-
off angle by 4 degrees, with a resulting increase
in radiation at the lower angles most favarable
to DX. Above a height of 1-1/2 to 2 wave-
lengths, the gain fluctuations with height
become insignificant, but the radiation at low
radiation angles continues to increase. Half-

trend in sidelobe growth with antenna length.

1. Antenna model is for 28.5 MHz in free space.

2. Gain figures are recorded to 2 decimal places for comparison purposes only. Single digit differences in
the first decimal column are unlikely to be significant to performance.

3. Front-to-side lobe ratios are estimated from antenna plots. Higher accuracy is not required to show the

EDZ Antenna Length vs. Gain and Sidelobes

Length #12 Copper Wire #18 Copper Wire
(Feet) Gain (dBi) Front-to-Side Gain (dBi) Front-to-Side
Lobe Ratio (dB) Lobe Ratio (dB)

414 4.94 -15 4.90 16

41.8 498 -13 4.94 —-14

422 5.01 11 4.96 -11

42.6 5.02 -10 4,98 -10

43.0 5.03 -9 4.98 -9

434 5.02 -8.5 4.97 -8.5

43.8 5.00 -8 4.95 -8

4472 4.96 -7 4.91 -7

44.6 4.90 -6.5 4.85 -6.5
AG=0.13dB AF-S=8.5dB AG=0.13dB AF-S=9.5dB

Notes:

Table 1. EDZ antenna length versus gain and front-to-side lobe ratio.
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Figure 5. Comparative free space azimuth patterns for the 8JK, the single-wire EDZ,
and the 2-element 180-degree phase-fed EDZ array.
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Figure 6. Elevation patterns over real ground for the single-wire and the 2-element
180-degree phase-fed EDZ antennas.

wavelength dipoles also show such fluctuations
at about the same heights, but to a much lesser
degree. Gain variations with height result from
reflected antenna currents being reinduced into
the wire at phase angles that vary according to
antenna height. The same phenomenon also
creates a varying feed point impedance.?
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The EDZ is a nonresonant antenna, display-
ing great capacitive reactance. Within the range
of reasonable lengths (about 41.5 to 44.5 feet
on 10 meters), the antenna shows a feedpoint
impedance ranging from 175-j930 Q at the
short end to 110-j640 Q at the long end. The
impedance—both the resistive and reactive
components—falls off more rapidly as the
length passes the midpoint (43 feet), where the
impedance is about 150-j840 Q.

Most commonly, hams feed the EDZ with
open-wire or similar parallel transmission lines
and an antenna tuner. This style of operation
permits the operator to use the antenna on other
bands in a way similar to the use of center-fed
(double) Zepps in the 1930s. (I suspect that this
fact contributed much to the name “extended
double Zepp.”) More recently, Yardley Beers,
WQIJF, reminded us that impedance matching
does not have to be performed at a distance
from a highly reactive antenna. He developed a
system of transformer matching between the
antenna and a coaxial feedline. The secondary
of the transformer not only provided the step-
up ratio for the resistive component of the
impedance. but also provided the inductive
reactance to compensate for the antenna’s nat-
ural capacitive reactance.3

Stub matching to a 50-ohm coaxial feedline
is also possible. One selects a line (for exam-
ple, 450-ohm parallel line) and, by calculation
or experiment, chooses a length that results in a
50-ohm resistive impedance when a suitable
stub is connected in parallel across the junction
of the matching section and the main feedline.
A 44-foot long no. 14 wire 10-meter EDZ at
about 35 feet above average ground would
require a 450-ohm (0.95 VF) matching section
Jjust over 5 feet long and a parallel shorted stub
of the same material just over 1.2 feet to pro-
vide a perfect match to 50-ohm coax. Setting
more precise dimensions than these would
require information on the antenna’s feedpoint
impedance over the actual terrain of the site.
Stub matching should result in a very reason-
able 2:1 SWR bandwidth of over 800 kHz on
10 meters. See the Appendix to review the
characteristics of stub matching and a method
of calculating the elements of such a system.*

The 180-degree phased
2-element EDZ

John Reh, K7KGP, was perhaps the first in

* K7KGP’s 12-meter EDZ, shown in recent ARRL Handbooks, can mislead
builders, because his stubless match applies only to the antenna teedpoint
impedance figures he lists. (See The ARRL Handbook, page 33-11.) The match-
line he specifies leaves an ohm or 2 of remnant reactance, much too little to be
uf concern. Except in very rare cases, other feedpoint impedance figures will
require a stub to compensate for reactance at the junction of the matchline and
the main feedline. The Appendix to this article provides a method ot directly
calculating both the matchline and stub elements of a stub-matching system.
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Figure 7. General construction outline of a 2-element 180-degree phase-fed EDZ array with two different methods

of feed.

recent times to experiment with 2-element
arrangements of the EDZ, developing a 180-
degree phased array of identical elements
spaced 1/8 wavelength apart. The antenna is an
extension of one version of the “two-section
WS8IK,” which used [-wavelength elements.
Figure 5 provides free space patterns of the 8JK
and the phased EDZ antennas, both bidirectional
arrays, along with a single-element EDZ. The

phased EDZ provides about 1.1 dB gain over the
8JK and about 2.9 dB gain over a single EDZ.
This is equivalent to about 5.8 dB gain over a
1/2-wavelength wire dipole equally situated.
One advantage of the 180-degree phased EDZ
artay, like all other 180-degree phased arrays of
any length, is the immunity of the antenna to
variations in gain and impedance with changes
in height. From 0.5 to about 2 wavelength, the
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Notes:

Relative Free-Space Gains of Various Antennas in the EDZ Family

Antenna Gain (dBi)
1/2L. Dipole 2.07
1-el. EDZ 4.85
2-el. reference Yagi 6.30
2-el. EDZ, 180-degree phase fed 7.85-8.10
2-¢l. EDZ, parasitic 8.70-9.25
2-el. EDZ, 135-degree phase fed 8.95-9.30

1. The “2-el. reference Yagi” refers to the modified W6SAI 10-meter beam used as a standard of
broadband 2-element design throughout this series.

2. All values are derived from computer models and, except for the reference Yagi, average sever-
al designs using, as relevant, different element lengths, spacings, and wire sizes.

Table 2. The relative free-space gains of various santenna in the EDZ family, along with a reference dipole and Yagi.

gain of the array climbs quickly and then more
slowly to essentially flat-top above 1.2 wave-
length. The impedance remains quite constant,
with the reactance varying by less than + 1 ohm.
The difference in these characteristics from their
counterparts in a single-wire antenna is due to
the cancellation of radiation vertically (both
incident and reflected), thus reducing the com-
plexity of radiation interactions with the ele-
ments with changes in height. Figure 6 com-
pares the elevation patterns of a single wire EDZ
with its 180-degree phased counterpart over
medium earth at a height of 35 feet, about 1
wavelength at 10 meters.

Figure 7 shows the general outline of the
phased array, along with two feed systems.
Dimensions of the elements aren’t critical.
Neither is spaced exactly. Construction can
consist of two no. 18 copperweld or no. 12 to
14 copper wires with spreaders every 5 to 8
feet. For 10 meters, use 4.5-foot lengths of thin
wall PVC conduit. Hacksaw slots into the ends
at points 4.3 to 4.4 feet apart. Drill the ends of
the cuts to pass the wire with friction. Leaving
burrs on the holes increases friction and holds
the wires in place. Press the wires into the slots
until they reach the holes.

A 2-year test of this system showed no ten-
dencies for the spreaders to slip from their ini-
tial positions, even without the use of adhesives
or additional wire ties. Single-end supports
(towers, trees, guyed masts, etc.) are adequate
for the antenna if the element ends, extended by

*See Terman, among other sources (for example, Johnson’s Antenna
Engineering Handbook, 3rd edition), for the basic formulas for calculating the
impedance, current, and voltage along a lossless transmission line for any
length from the load. Fortunately, these formulas arc amenable to simple basic
programming that, in addition to figures for specific line lengths, will produce
charts of results for any desired interval. Such charts permit estimation of
desirable line lengths within trimming range. As previously noted, it is also
possible 1o use these formulas to calculate required stub-matching systems; see
the Appendix.

3/16 to 1/4 inch diameter sun-resistant synthet-
ic rope, are attached to a longer and sturdier
PVC length. Schedule 40 material is strong
enough to permit the installation of eye-bolts.
The end ropes pass through the eye-bolts and
down to a tie-off point for raising and lowering
the antenna.

Feed systems are numerous, but only two are
shown here. Section A in Figure 7 shows indi-
vidual feedlines brought together with a reac-
tance-canceling stub, while Section B shows a
taut section of feedline between the elements,
with a section dropped vertically to the coaxial
cable junction. Either system will work over a
narrow frequency range. It is possible to model
feedline sections and correlate the results with
feedline calculations using standard
formulas.5* Calculations used standard 450-
ohm line with a velocity factor of 0.95, while
MININEC models used no. 18 wire spaced
0.083 feet (1 inch) apart and NEC models spec-
ified transmission line lengths, impedances, and
velocity factors. Of course, MININEC models
don’t treat feedline as feedline, but as part of
the radiating structure where the fields tend to
cancel each other. Nevertheless, the resulting
figures came within construction variations of
each other.

For an array consisting of two 44-foot no. 14
elements spaced between 4.3 and 4.4 feet at
28.5 MHz, the feedpoint impedances of the ele-
ments are each approximately 20-j650 Q. For
reasonable variations in these dimensions (up
to a half foot shorter and wire as thin as no. 18
copperweld), the resistive component will vary
by an ohm or two, while the reactive compo-
nent may range between —600 and —800 Q.

To achieve a Vee-shaped junction of two
feedlines that in parallel produce a resistive
impedance of 50 ohms when a compensating
parallel stub is added, one needs a pair of lines,




each nearly 5 feet long. Remember, one of the
two lines has a half-twist to place the elements
180 degrees out-of-phase. A shorted stub about
an inch to an inch and a half long provides the
proper compensation where the elements join at
the point of the Vee. Is the stub essential?
Without the stub, the antenna’s feed impedance
at the junction of the Vee is about 3 ohms resis-
tive and 12 ohms reactive.

Only general figures are given here, because
exact numbers depend upon knowledge of all
the antenna and feedline variables for a given
installation. In the area of line length required
for a 50-ohm match, the impedance shows a
rapid change per unit length. Consequently, a
very fraction of an inch of line length may sep-
arate the impedance values generated by slight
variations on a given version of the antenna.
Trimming must be done in small increments.
Serics or parallel capacitors of a capacitive stub
will compensate for the remnant reactance.

Using a taut 4.4-foot line between elements,
with a further feedline centered at the 2.2-foot
mark yields a different situation. Each line—a
bit under 25 degrees in length—shows an
impedance of about 8.5-j300 €2 at the junction
point of the two, for a parallel combination of
4.25-j150 Q. Various models of this structure
provided values of 3.9 to 4.3 ohms resistive,
with a reactive component of 140 to 175 ohms.
Connecting a single length of 450-ohm feedline
vertically from this junction created a usable
stub-main feed junction about 1.5 feet down the
line. A very short, shorted stub (about 2 inches
long) in parallel across the junction will pro-
vide the 50-ohm match to a coaxial feeder. Due
to the very low resistive component of the junc-
tion, special care should be taken to ensure as
lossless and weatherproof a set of connections
as possible. Moreover, the very high reactance-
to-resistance ratio indicates that the match will
have a quite narrow bundwidth.

Models also suggest an untried scheme as a
variant on Figure 7B. Without putting a twist
in the line, divide the antenna structure down
the middle of the taut feedline, making sure
each half is fed in the center of its side of the
line. Cross-connect the two resulting feedpoints
in a parallel connection (essentially putting the
twist at the connection), and the feedpoint
impedance will be about 4.5-j150 €, ready for
the same connecting line as above.

Of course, one may opt not to use coax and
instead run the parallel feeders all the way to
the station antenna tuner. Several factors rec-
ommend this method in preference to a stub
match. First, system tuning is critical. Matching
sections require lengths over which both resis-
tance and reactance vary by great amounts per
unit of line length. With either the Vee or the
flat-top stub-feed systems shown here, the 2:1
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Figure 8. General construction outline of 2a ZL1LE 2-
element EDZ parasitic beam.

SWR bandwidth is just over 100 kHz wide at
10 meters.

Second, the dimensions just given apply to &
single height for the experimental antenna;
alterations of antenna height from the 35-foot
model height will require total recalculation.
Indeed, the more critical the dimensions of a
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Figure 9. Azimuth patterns for two versions of the ZL1LE parasitic EDZ beam at 35

feet above real ground.
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matching line and stub, the greater ease of
adjustment a good antenna tuner will provide.

The resulting array produces a pair of oppos-
ing narrow main lobes (28 to 32 degrees) with
sidelobes about 50 degrees off-axis and down
about 12 to 14 dB—depending upon the exact
choice of element lengths, spacing, and wire
size. At a wavelength in height (35 feet at 10
meters), the take-off angle is about 13 degrees
with a -3 dB point at 7 degrees above ground.
Models also suggest that interaction between
the antenna elements and the feeding-phasing
structure may reduce gain by up to a dB from
the theoretical optimum. The missing power
reappears in the 90 degree off-axis directions,
reducing the front-to-side ratio by a small but
determinant amount. Nonetheless, for a fixed
array where both forward and reverse direc-
tions may be useful but do not usually result in
QRM, this antenna may be worth the work it
takes to prune it to a particular frequency and to
a match with the transceiver.

Parasitic EDZ beams

If one could make the 2-element EDZ unidi-
rectional, one might achieve a little more gain,
plus have the advantage of reduced QRM from
the rear. Theoretically, there are two ways of
achieving this goal: a) create a parasitical
beam, and b) phase-feed the rear element in a
manner similar to the ZL Special. Table 2
shows a comparison of the free space gains of

models of the full EDZ family, along with a
standard half-wavelength wire dipole and the 2-
element Yagi that has been used as a reference
in Parts 1 and 2.

The idea for a two-element beam based on
the double extended Zepp was first presented to
me in 1991 by Brian Egan, ZL.1LE. For his
computer studies, Egan proposed a 15-meter
model having element spacing of 100 inches,
with one element fed and the other a loaded
reflector. My concern for keeping the wires
properly spaced led me to consider closer spac-
ing, something in the neighborhood of 1/8
wavelength spacing, as used in the ZL Special.
The result was the development of two differ-
ent, but related antenna concepts. One is a dou-
ble extended Zepp version of the ZL Special,
with phased feed. The other, following
ZL1LE’s lead. uses two elements of the same
length, with one fed and the other loaded as a
reflector. The computer says both should work
quite similarly. The ZL Special version
(referred to as the 5/4ZLS hereafter) offers the
potential for eliminating loading coils. The
symmetrical antenna (referred to as the ZL1LE
hereafter) offers the potential for reversibility,
allowing me to orient it toward Europe and
toward down under just by moving an accessi-
ble feedline.

The original ZL1LE antenna used wide
spaced elements. The modified version shown in
Figure 8, uses 1/8 wavelength spacing (4.39
feet) between two equal length elements. The
forward element is fed, while the rear element is
parasitic. However, to achieve any forward gain
and significant front-to-back ratios, the rear ele-
ment must be loaded inductively. With a care-
fully selected load, and a load inductor with
minimal losses, the antenna is capable of poten-
tially superior performance. The gain at most
heights averages across the design bandpass bet-
ter than 14.5 dBi, or about 6.5 dB greater than a
dipole of equal height and orientation. The
front-to-back ratio for various models runs from
just under 20 dB to more than 30 dB.

Figure 9 shows the azimuth patterns for two
model beams at a 35 foot height. The pattern
with smaller sidelobes and a smaller front-to-
back ratio (about 23 dB) uses no. 12 copper
elements 41.67 feet long, spaced 4.39 feet
apart, and requires a reflector load of 1035
ohms. The version with larger sidelobes and a
higher front-to-back ratio uses 44 foot elements
at the same spacing, with the same wire and a
685-ohm reflector load reactance. As with any
member of the EDZ family, the balancing of
various characteristics determines the final
choice of design. In any event, one must model
the parasitic EDZ beam over real ground, as in
Figure 9, to gain a perspective on the actual
characteristics. The free space test yields a pat-



Comparisons of Antenna Models Based on the Extended Double Zepp

Height Gain  Front-to- Front-to- S/L Beam Source Source Load
(Feet) (dBi) Back Ratio  Side Ratio Gain Width Resistance Reactance
Z=10+jX,,

(dB) (dB) (dBi) ) R (€) -X. (Q) X, ()
Single Wire EDZ (42.8’ Elements, #18 Copper)

F.S. 4.9 10 -5 32 162 840
20 11.3 10 | 36 128 860
25 10.0 10 -1 34 150 810
30 9.6 10 -1 34 193 830
35 11.0 10 1 34 159 870
40 11.0 10 1 32 137 830
45 10.0 10 0 32 173 820

2-Element EDZ, 180° Phase-Fed Array (42.8’ Elements, #18 Copper)
F.S. 7.8 15 -7 30 26.4 (x2) 820
20 12.2 17 -5 32 26.3 822
25 12.8 16 -3 32 25.2 820
30 12.7 15 -3 32 26.8 819
35 12.9 15 -3 32 27.0 820
40 13.2 15 -3 32 25.9 820
45 13.2 15 -3 32 26.1 819

2-Element Parasitic EDZ Beam (42.8° Elements, #18 Copper)
F.S. 8.7 16.4 11.8 3.1 32 89.8 775 950
20 14.3 18.0 13.5 0.8 34 80.7 792 905
25 13.6 11.9 13.0 0.5 34 76.6 777 945
30 13.1 18.1 12.3 0.7 32 97.1 760 980
35 14.4 25.3 12.8 1.6 32 96.0 775 935
40 14.4 13.2 12.0 2.4 32 79.1 785 930
45 13.8 14.3 11.9 1.9 32 88.3 768 970
2-Element Parasitic EDZ Beam (41.67° Elements, #12 Copper)

E.S. 8.8 154 14.0 -5.0 34 102.0 830 1055
20 14.5 16.9 15.8 -1.3 36 94.8 852 1000
25 13.7 11.1 14.0 -0.3 36 86.2 832 1050
30 13.5 16.9 14.7 ~1.2 34 109.3 813 1095
35 14.5 234 15.1 -0.6 34 110.0 830 1035
40 14.6 12.5 14.0 0.6 34 89.2 843 1025
45 13.9 134 14.0 0.1 34 99.1 822 1080
Notes:

1. F.S. = free space
2. Sidelobe figures estimated from graph for bidirectional antennas.
3. Loading coil assumed to have an approximate Q of 100.

Table 3. Comparisons of antennas based on the Extended Double Zepp as modeled at typical amateur construction heights and opti-
mized (where necessary) for maximum front-to-back ratio.

tern whose rear lobes look like miniatures of inductor for the parasitic element to achieve
the forward lobes—a picture that doesn’t hold maximum front-to-back ratio at each height.
over real ground. Below a height of about 2 wavelengths, the par-
Table 3 compares the modeled performance asitic EDZ beam in almost any form is height
of two versions of the ZL1LE antenna to the sensitive with respect to gain, front-to-back
performance of a single-element EDZ and a 2- ratio, and the required loading inductance to
element 180-degree phase-fed array. Also achieve maximum front-to-back ratio. A height
noted are the necessary changes in loading of about 1 wavelength provides the best combi-

Communications Quarterly

61



62

Variable Inductor
10 microH maximum

— e
L2

To
Transceiver

/

3 to 4 turn link
centered over active
portion of L2

To Antenna

2—turn link

To

.

L2 (see text)

To Antenna

Figure 10. Two feed systems for the ZL1LE parasitic EDZ beam.

nation of gain and front-to-back ratio. In fact,
experimental models of the antenna appear to
lose much of their DX potential if not placed at
least 1 wavelength above ground.*

The source impedance for the antenna shows
a large capacitive reactance that requires com-
pensation. Assuming the use of a suitable
inductance to eliminate the reactance, the feed-
line impedance, now only resistive, is roughly
twice that of the normally used 50-ohm coaxial
cable. A 2:1 quarter-wave matching section of
75-ohm cable cut to design center frequency
would likely yield an acceptable match. A lin-
ear choke, such as the W2DU ferrite choke
balun, would be apt between the feedline and
the matching section.

Because this antenna requires inductors in
both elements, one to cancel the series capaci-
tive component of the source impedance and
the other to load the reflector, the system holds
potential for being used as a fixed beam whose
direction is reversible. However, if the compo-
nents are mounted at the antenna, it’s unlikely
that anyone would climb a structure to readjust
the inductor values. Fortunately, the inductors
need not be mounted at the antenna.

Low-loss parallel feedline—450-ohm is rec-
ommended for its ability to withstand power
and weather—permits both matching inductors
to be mounted closer to the ground. A wave-
length (assuming 0.95 velocity factor) at 28.5
MHz is about 32.8 feet, and a half wavelength
is 16.4 feet. For 10-meter antennas at 20 or 35

*A 2-element Yagi at 35 feet provided stronger signals on 10 meters on the
eastern United States to VK/ZL path than an initial experimental mode! of the
EDZ beam at 25 feet, despite the fact that models estimated roughly equal
radiation in the § to [0-degree elevation region. Raising the wire antenna
resolved the problem. However, the experience impressed upon me the impor-
tance of choosing antenna heights where the lowest required path angle clears
fields of obstructions, such as nearby woods with 70-foot trees and the like.
The effect can be dramatic.
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feet, feedline runs to a platform near the ground
are feasible with a length of line that permits
the impedance conditions at the element centers
to replicate. Using rotary or tapped inductors,
one can adjust the loading and the compensat-
ing inductors quite easily. A chart of settings
would ensure quick adjustment. Installing a
coaxial connector near each coil would permit
shifting the feedline from one element to the
other, thus permitting the direction of the beam
to be reversed.

The reason for employing this scheme is to
achieve a reversible fixed beam. A beam with
44-foot elements was constructed for reversible
parasitic operation. I mounted a rotatable 5-foot
plank on the end of a 4-by-4 sunk in the
ground. One end of the plank held the reflector
inductor, the other held the driven element
matching system. The antenna could be
reversed by rotating the plank and reconnecting
the feedlines. A modified version of the Beers
matching system converted the driven element
impedance to 50-ohm coax values. Figure 10
shows two systems tried with equal success.
One uses a rotary coil with a fixed 3-turn link
of no. 18 solid hook-up wire. The other uses a
fixed 2-turn link over a fixed coil of 8 turns of
1.5 inch diameter, 10 turns per inch stock, with
a 50 pF variable capacitor in series with the
link to control the degree of coupling. Either
system amounts to installing an antenna tuner
at the antenna, a multiple of a half wavelength
below it.

Tuning the inductor to maximum front-to-
back ratio requires a variable inductor and a
signal source several wavelengths behind the
antenna. Coil variability should range of 4.0 to
6.5 pH to cover a 10-meter reactance range of
770 to 1100 ohms. A 10 pH variable inductor
picked up at a hamfest provided sufficiently




sharp tuning for tests. Of course, it 1s essential
to weatherproof the tuning components for this
scheme to be successful.

Test results showed that the parasitic EDZ
beam has excellent gain and reasonably good
front-to-back ratio for the frequency to which
everything is tuned. However, without retun-
ing—especially the reflector inductor—every-
thing goes to pot very quickly as one tunes off
frequency, especially downward. SWR curves
don’t necessarily provide significant informa-
tion in this connection. After adjustment of all
the variables for 28.5 MHz, an SWR meter in
the coaxial feedline showed under 2:1 between
28.1 and 28.9 MHz. However, below the design
frequency, the beam had lost its unidirectional
characteristic.

Table 4 models the effects of off-frequency
use of the parasitic EDZ. If the value of Xj is
low by 10 percent, the reflector becomes a
director, and the beam reverses its direction.
Using values of X; optimal for a frequency 0.5
MHz higher in the 10-meter band results in per-
formance similar to that of the bidirectional
array. A higher X; value, optimal for a Jower
frequency, results in a gradual drop in gain and
a more rapid drop in front-to-back ratio. If one
must choose a single inductor value for the
reflector coil, the best choice is the optimum
value for the lowest operating frequency in the
band. However, the large variation in optimum
inductance required across a wide band like 10
meters suggests that the parasitic EDZ beam is
best used as a fixed-direction, fixed-frequency
or narrow-band antenna. For that use, however,
it is inexpensive compared to a Yagi with simi-
lar gain and front-to-back ratio.

The 2-meter potential for the ZLL1LE, where

materials and dimensions make the antenna
self-supporting, remains untested. Using 0.75-
inch diameter aluminum tubing, one can con-
struct a beam with a driven element 8.2 feet
long and a reflector 8.6 feet long, spaced just
over 10 inches apart. Models indicate a reflec-
tor load between 250 and 305 ohms at 144.5
MH?z. The source impedance is about 50-j290
Q, which simplifies the process of matching the
antenna to coaxial cable to the elimination of
the reactance alone. Due to the increase in ele-
ment diameter to element length ratio, band-
width increases over HF wire models and may
cover a tull megahertz of the band without
undue loss of gain or front-to-back ratio, if the
antenna is optimized near the low end of the
desired trequency range.

Such antennas alrost exist. MFJ advertising
includes a double 5/8-wavelength vertical; that
is, two such antennas end to end. The same ads
indicate that some directionality will result if
the antenna is mounted on the side of a tower,
which apparently forms an untuned reflector.
Perhaps, some day, a manufacturer who can
control the reflector loading reactance within
tight specifications may produce a true 2-meter
ZLILE antenna.

The horizontal advantages of the 2-meter
antenna for low-end CW and SSB operations,
despite bandwidth restrictions, are the same as
for HF models. However, Figure 11 shows an
azimuth pattern of the antenna mounted verti-
cally, with the center 35 feet above ground. The
bandwidth to half-power points is about 135
degrees and the gain is over 13 dBi. The utility
of such an antenna at a ham station for both
repeater and packet work seems obvious. and
three of these antennas arrayed around a tower

Performance of a 2-Element Parasitic EDZ with Nonoptimum Reflector Loading
Measurement Optimum Frequency Optimum Load Reactance Gain Front-to
Frequency for X Used Reactance (X[ ) Used (Xy) (dBi) Ratio (dB)
28.0 MHz 28.0 MHz 1030 Q 1030 Q 14.6 223
28.5 905 1030 13.7 8.0
290 795 1030 13.0 52
28.0 MHz 28.5 MHz 1030 Q 905 Q -12.4 -09
28.5 905 905 14.6 223
29.0 795 905 13.6 8.0
28.0 MHz 29.0 MHz 1030 Q 795 Q -12.9 -3.4
28.5 905 795 -12.5 -0.9
29.0 795 795 14.6 220
Note:

Modeled antenna used 2 42.8” elements, #18 copper wire space 4.39° apart at a height of 20" over medium earth.
Similar results were obtained with other “equal-element” parasitic models at various heights above ground.

Table 4. Performance of a representative 2-element parasitic EDZ with nonoptimum reflector loading.
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Figure 11. Azimuth pattern for a 2-meter version of the parasitic EDZ beam mount-
ed vertically with the center 35 feet above real ground.
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Figure 12. Azimuth pattern of a phase-fed EDZ beam (54ZLS) 35 feet above ground.

might well increase the range of any repeater.
My lack of suitable VHF test equipment causes
me to leave the development of a working
model of the 2-meter ZL1LE to others.

Phasefed EDZ beams

The phase-fed version of the two-element

Fall 1995

EDZ beam consists of two unequal length ele-
ments spaced 4.31 feet apart for 28.5 MHz. The
directly fed forward element is 42.3 feet long,
while the phase-fed rear element is 44.7 feet
long. Configured as a wire beam, this assembly
is unidirectional. Computer models show a
peak gain of 14.7 dBi across the 1 MHz design
bandwidth, with an average front-to-back ratio
of about 20 to 23 dB. peaking at about 30 dB.
The beamwidth is a narrow 34 degrees. All of
these figures apply to a 35-foot height for the
antenna. Figure 12 shows the pattern of the
antenna as optimized for 28.5 MHz.

Experience with ZL-Special would suggest
that with 1/8th-wavelength spacing, the rear
element should be fed 135 degrees out-of-phase
with the forward element. Modeling suggests
otherwise. The model whose pattern appears in
Figure 12 is current phase fed at 143 degrees to
achieve maximum front-to-back ratio. Since the
proposed method of feed is a twisted parallel
feedline section, the modeling technique was
altered. The rear element 1s modeled in the
opposite direction from the forward element,
and the phasing directly applied as =37 degrees
to the rear element source point. This technique
yields identical pattern figures. but provides
correct information on current and voltage
amplitudes and phases for use in calculating
phasing lines.

The chief difficulty in implementing the
5/4ZLS version of the 2-element EDZ is feed-
ing two elements with highly reactive compo-
nents in such a way as to ensure that equal
power flows to both elements and that the rear
element is about 143 degrees out of phase with
respect to the forward element. The source
impedances for the model under discussion are
100-j830 Q and 5-j660 €2 for the forward and
rear elements, respectively. I have been unable
to discover any cable of any length that will
provide the proper phasing in the manner of the
traditional ZL Special. Moreover, the demands
of this antenna may exceed even the flexibility
of a phasing network. The high reactances at
the feedpoint place any network in a region that
is experiencing very rapid changes in current
phase and in impedance per unit length.
Regretfully, the 54ZLS has had to be consigned
to the realm of antennas with theoretical poten-
tial but no present feasibility,

Nevertheless, models do suggest that the
dimensions of this antenna, when fed as a Yagi,
will produce excellent unidirectional gain and a
good front-to-back ratio with a reflector load of
675 ohms. In essence, the ability to adjust the
reflector loading substitutes for a phasing line in
bringing the reflector current to the correct mag-
nitude and phase to achieve a deep rear null.
However, no unidirectional EDZ array will do
much better than about 20 dB front-to-rear ratio



when including all parts of the rear lobes.

It's worth noting, however, that what we call
“phasing” lines in antennas like the ZL Special
are actually impedance transformers, with or
without the half twist. Explorations of models
using approximately 1/8th wavelength half-
twist parallel transmission lines between two
identical elements produced an alternative
means of matching an EDZ to 50-ohm coaxial
cable. A two-element version of the 10-meter
EDZ with such a connecting section made up
from 600-ohm (0.95 VF) parallel line shows an
almost perfect impedance for coaxial-cable
feed. The gain of the antenna is about the same
as a single element EDZ (about 11 dBi at 35
feet over medium earth), with a slight (less than
0.9 dB) difference between the two main lobes.
The SWR is less than 2.5:1 over the first MHz
of 10 meters. For the cost of an additional ele-
ment and some separators, the builder can pro-
duce a coax-fed adjustment-free EDZ.

Summary

Understanding the possibilities for EDZ
arrays and beams depends on understanding the
basic properties of the single element EDZ
antenna. Two-element arrays, either bidirec-
tional or unidirectional, are possible and feasi-

stances of a particular station. As wire beams,
they are fixed and thus fit for point-to-point
communications. Their narrow bandwidths and
beamwidths reinforce this type of use.

However, they are not forgiving of casual
building and tune-up practices.

If these factors aren’t deterrents to building
one of the EDZ family of beams, but part of the
needs of a station, then the operator can expect
considerable gain over many other types of
wire antennas. Moreover, the cost of these
antennas, including wire elements and feed-
lines, is well below the cost of Yagis with equal
gain (and equal front-to-back ratio for the
ZLILE). EDZ beams may have a small, but not
insignificant, niche in the spectrum of amateur
antennas. | don’t recommend them. since rec-
ommendation would require a detailed knowl-
edge of too many variables. However, I do rec-
ommend further experimentation, modeling,
calculation, and ingenuity in pursuit of getting
the most out of this interesting family of anten-
nas. EDZs and other nonresonant arrays may
have gone unjustly neglected in our dipole-and-
coax age.*

*All patterns shown in this discussion were plotted on ELNEC 3.02, but fig-
ures cited have been cross-checked on various programs and by vanous means
of calculation.

REFERENCES

1. Frank C. Jones, Jones Radio Handbook, 3rd edition, San Francisco, Pacific
Radio Publishing Co., 1936, pages 73-74

2. Yardley Beers, “The 5/4-Wavelength Dipole: A Revival,”
Quiarterly, November 1990, pages 40-41

3 Jerry Hall, Editor, The ARRL Antenna Book, Newington, ARRL, 1991, page

Commmurnications

B-34

4, LB, Cebik, WARNL, “The Effects of Height on Other Antenna Properties,”
Communications Quarterly, Fall 1992, pages 57-79.

5. Terman, Radio Engineer’s Handbook, New York, McGraw-Hill, 1943, pages
185186

Eendlx
Stub matching—a review

s long as hams wish to use or experi-

ment with antennas like the Extended

Double Zepp and others that present
complex feedpoint impedances, stub matching
will remain one alternative method of matching
the antenna to a 50-ohm feedline. However,
most discussions of stub matching appear
almost wholly in qualitative terms. In this
Appendix I will attempt to convert stub match-
ing techniques into quantitative terms. We'll
review the basic concept of stub matching, pre-
sent the basic equations for calculating the ele-
ments of a stub-matching network, and use a

simple BASIC implementation of those equa-
tions to solve a couple of exemplary problems.

The stub-matching system

Most antenna manuals provide simple equa-
tions for calculating the reactance of both
shorted and open transmission line stubs.
However, these treatments regularly omit simi-
lar equations for calculating the length of the
line between the antenna and the stub-feedline
junction. With this in mind, let’s begin again.
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(if needed)
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1. Basic elements of a stub-matching network.

Figure 1 shows the basic structure of a typi-
cal stub-matching system. It consists of the
antenna with its complex feedpoint impedance,
a length of matching-feedline (the Line) lead-
ing to the critical junction, a reactive Stub, and
the main feedline (the Feed) leading to the
power source, which is ordinarily a transmitter
or transceiver. The functions of the antenna
and the main feedline are well-known, but the
functions of the other two elements require
brief comment.

The matching-feedline operates as an imped-
ance transformer. When there is a complex
antenna feedpoint impedance or a mismatch
between the antenna impedance and the match-
ing-feedline impedance, the overall impedance,
as well as the resistive and reactive compo-
nents of that impedance, will vary along the
line. These values are normally given as series
values. If the line type (that is, its characteristic
impedance) is properly chosen, at some point
along the line, the resistive component of the
impedance will be of such a value that its cor-
responding parallel value will equal the charac-
teristic impedance of the main feedline. This
point defines the correct length of matching
feedline to use.

Ordinarily, at the junction of the matching-
feedline and the main feedline, there will also
be a reactive component to the overall imped-
ance. Although usually given as a series value,
it too has a corresponding parallel value. A
reactance of the opposite type but the same
magnitude will compensate for the junction
reactance. In this exercise, the compensating
reactance will be composed of a feedline stub,
even though lumped components (capacitors or
inductors) are also usable with somewhat

greater losses in some instances. Compensating
for the parallel reactance will leave a parallel
resistance equal to the main feedline. With the
reactance compensated, the resulting series
resistance value will be the same, thus effect-
ing a match to the main feedline.

Caleulating the
matchingfeedline and
stub lengths

Although often left to graphical analysis
along with some miscellaneous calculations,
the calculation of match-line and stub systems
can be direct. With the advent of home com-
puters and BASIC, the reputed tediousness of
the calculations is no longer a hindrance.
Indeed, a simple computer program is faster
than most graphical methods (some of which
have been computerized).

The process begins by understanding that
along a match-line, we are seeking the point at
which the parallel-equivalent value of the
series resistance is equal to the characteristic
impedance of the main feedline. Associated
with these values is a value of series reactance
and its parallel equivalent. If we call the series
resistance and reactance the target values, then
we define Ry and Xop. Let Zj: be the character-
istic impedance of the main feedline. Then,
using the series-to-parallel resistance conver-
sion equation:

7 Ry + X42
R TR (M



Solving for X2, we get:

XT2 = ZFRT - RTz (2)

Before using Equation 2, we must calculate
the reflection coefficient, p, (actually its
square) of the antenna-to-match-line system.
Let the match-line characteristic impedance be
Zyy. Then, using the antenna feedpoint imped-
ance, R+ jX| , we can calculate:

(Ry = Zpp? + X 2
(RL + ZM)Z + XL2

(=]

3)

Using this figure for p, we can then deter-
mine the value of series resistance at the point
in the line defined by Equation 2, using that
equation to remove reactance values from the
calculation of Ry:

ZMEU e pZ)
ZE(p? = 1)+ 2Zpy(p> + 1)

Rip s )

The target value of reactance is, of course,
the square root of Equation 2.

The equation, in various forms, for calculat-
ing the impedance, Z;,,, anywhere along a
transmission line back from a load, Z; , is well
known.!2 That equation can be rewritten as
separate equations for Ry, and X;,, which will
be more useful for present purposes. We shall
use equations for lossless lines for three rea-
sons. First, the lengths of line involved—all
well under a wavelength—have losses far less
significant than other potential error factors
that enter the use of matching stubs. Second,
for most types of transmission line, the most
imprecise figure is the velocity factor of the
line to be used, and most hams don’t have
access to laboratory-grade measuring equip-
ment to bring experimental determination of
that figure under 5 percent. Third, physically
replicating a calculated antenna, especially one
with a significant reactive component at the
feedpoint, usually results in departures from
calculated values. Nevertheless, a calculation
of the anticipated matching line and stub
lengths will do much better than put one in the
ballpark: it will allow one to make a close play
at the plate.

Since we wish the matching line to yield a
resistive impedance component that correlates
with the characteristic impedance of the main
feedline, we'll begin with the formula that has
appeared in The ARRL Handbook in the "80s
and early '90s.34

R (1 + tan%,)
2 C
(I-%(am)'+% tane, ) )

where R, is the resistive component of the
antenna impedance, X; is the reactive compo-
nent of the antenna impedance, Z, is the char-
acteristic impedance of the matching section
transmission line, and R;;, is the resistive com-
ponent of the impedance at a distance ¢, from
the antenna along the line. In this exercise, R;,
is precisely our target value of resistance, Ry.
For our purposes, let’s assume that ¢, is in radi-
ans; although, in general, it might also be in
degrees relative to a wavelength at the frequen-
cy of interest for the antenna.

The matching line length calculation simply
requires us to solve Equation 1 for ¢ and to
convert that length in radians into degrees and
feet. A rewrite of Equation 1 yields a quadratic:

R;, =

Xit - Bl Ry XL Ry
—tang 2 =L 41- =L =0
iR i K kg el
Solving for ¢, we obtain:
ﬂi\/xtz A e e T U, oo (ARG,
2 2 : ;
( Xi* R Ry
Z0? Zo? Ry )

Note that there are two solutions, because
for every 180 degrees of line length (under
mismatch conditions), there will be two points
at which the resistive component of the imped-
ance has the same value.

The limiting case occurs where the value
under the radical in Equation 7 drops to less
than zero. This condition indicates that, with
the combination of line values chosen for the
antenna impedance values measured or derived
from a modeling program, the resistive compo-
nent never reaches the chosen main feed line
characteristic impedance. The solution to this
problem is usually to select a different trans-
mission line for the matching line section.

Equation 7 returns two lengths in terms of
radians along a wavelength. We can convert
these lengths to a more familiar measurement

in degrees by the equation:
180 ¢,
ly= ———
n (8)

where ¢, is the length in radians and ¢, is the
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STUB

10 “file STUB.BAS

20 CLS:COLOR 11,1,3:CLS

30 PRINT* General Solutions for Stub Matching,”:PRINT* given Antenna R & X
plus Line, Stub, & Feed Zo™:PRINT" L.B. Cebik, W4RNL":PRINT

40 PRINT*For any antenna load R and X. this program finds the Line and Stub length needed to
match any feedline Zo, if a match is possible with the proposed Line, Stub, and Feed Zo val-
ues.":PRINT

50 INPUT “Enter Antenna Load Resistance in Ohms ",RL

60 INPUT “Enter Antenna Load Reactance in Ohms ", XL

70 INPUT “Enter Frequency (in MHz) “FQ

80 INPUT “Enter Zo of line (from antenna to stub) " ZL

90 INPUT “Enter Velocity Factor of Line (as decimal) ".VFL
100 INPUT “Enter Zo of Feed (from stub junction to rig) "ZE
110 INPUT “Enter Velocity Factor of Feed ".VFF

120 INPUT “Enter Zo of Stub (from line-feed junction) " ZS

130 INPUT “Enter Velocity Factor of Stub ", VFS

140 RLS=(RL*RL): XLS=(XL*XL):ZLS=(ZL*ZL):RIS=(RI*RI)

150 RHOS=(((RL-ZL)*(RL-ZL))+XLS)/(((RL+ZL)*(RL+ZL))+XLS)

160 RT=((ZL*ZL)*(1-RHOS))/((ZF*(RHOS-1))+((2*ZL)*(RHOS+1))):RI=RT

170 'IF (ZF*RT)~(RT*RT)<0 THEN 350 ELSE XT=SQR((ZF*RT)~(RT*RT))

180 A=(XLS/ZLS)+(RLS/ZLS)~(RL/RI):B=2*(XL/ZL):C=1-(RL/RI)

190 IF A=0 THEN A=1E-08

200 NUM=((B*B)—(4*(A*C))):1IF NUM<0 THEN 350

210 TLP=(B+SQR((B*B)—~(4*(A*C)))/I(2*A)

220 TLM=(B-SQR((B*B)-(4*(A*C))))/(2*A)

230 LP=ATN(TLP):LM=ATN(TLM)

240 P1=3.141592654#

250 LPD=(LP*180)/P1: LMD=LM*180/PI

260 IF LPD<0 THEN LPD=180+LPD

270 IF LPD<0 THEN LMD=180+LMD

280 LPF=(LPD*VFL)/(.3660131*FQ):LMF=(LMD*VFL)/(.3660131*FQ)

290 PRINT*Possible line lengths are A.";LPF:"feet and B.":LMF;"feet.”

300 LR=LP:GOTO 360

310 RIA=RI:XIA=XI:PRINT"For Line length A., RS= ";RI;“Ohms and Xs= " XI:"Ohms.”
320 LR=LM:GOTO 360

330 RIB=RI:XIB=XI:PRINT*For Line length B., Rs= ":RI:*Ohms and Xs= ":XI:"Ohms.”
340 GOTO 440

350 IF NUM<0 THEN PRINT"There are no possible solutions with this combination of antenna

2. Program listing for STUB.BAS.

length in degrees. Transformation of these

: A T Ri2+ X2
lengths into feet involves the equation: Xy (1—tan2e) + (Zo— L L Jitanzs
¢ VE X £
= d = 2
1 T03660wm, ©® a- Xo el (Riunge
Zgy
where L; is the required length in feet, fyr,
is the frequency of interest in MHz for the where all of the variables have the same
antenna, and VF is the velocity factor of the meaning as in Equation 7. Applying Equation
matching section transmission line. 10 to the two lengths resulting from Equation
Using the value of ¢, we may calculate the 7 will yield opposing values of reactance. We
remnant reactance by using the Handbook for-  may choose to match either with a stub.
mula for X;: Alternatively, we may calculate the reactance



impedance and line impedance.”:GOTO 710

360 IF RL=0 THEN RL=1E-08

370 RA=RL/ZL:XA=XL/ZL:T=TAN(LR):TS=T*T

380 DA=(1-(XA*T))*(1-XA*T)):DB=(RA*T)*(RA*T):DN=DA+DB

390 RS=RA*RA:XS=XA*XA

400 RN=RA*(14+TS): XK=XA*(1-TS)

410 XM=((1-RS)-XS)*T:XN-XK+XM:RZ=RN/DN:XZ=XN/DN:RI=ZL*RZ:X1=ZL*XZ
420 IF LR=LP THEN GOTO 310

430 IF LR=LM THEN GOTO 330

440 PRINT"For a record of these calculations, press <Print Screen>."”

450 PRINT:PRINT"Press <C> to continue.”

460 I$=INKEYS$:IF 1$="¢” OR [$="C" THEN GOTO 470 ELSE 460

470 CLS:PRINT:PRINT*Stub Calculations:":PRINT

480 PRINT*Option A: Rs=":RIA:"and Xs=":XIA;" Ohms

490 XPA=((RIA*RIA)+(XTIA*XIA))/XIA: XCOMPA=(-1*XPA)

500 PRINT*The required parallel stub reactance to compensate is"; XCOMPA:*Ohms.”
510 LRL=ATN(XCOMPA/ZS):LDL=(ABS(LRL)*180)/PI

520 IF XCOMPA<(O THEN LDL=180-LDL

530 LFL=(LDL*VFS)/(.3660131*FQ)

540 LRC=ATN(ZS/XCOMPA ):LDC=(ABS(LRC)*180)/PI

550 IF XCOMPA>0 THEN LDC=180-LDC

560 LFC=(LDC*VFS)/(.3660131*FQ)

570 PRINT:PRINT*The required SHORTED STUB length is ";LDL;"degrees or";LFL:"feet.
580 PRINT*The required OPEN STUB length is";LDC; degrees or":LFC; feet.

590 PRINT:PRINT:PRINT*Option B: Rs=":RIB:" and Xs=":XIB:"Ohms

600 XPB=((RIB*RIB)+(XIB*XIB))/XIB:XCOMPB=(-1*XPB)

610 PRINT*The required parallel stub reactance to compensate is ":XCOMPB:*Ohms.”
620 LRL=ATN(XCOMPB/ZS):LDL=(ABS(LRL)*180)/PI

630 IF XCOMPB<0 THEN LDL=180-LDL

640 LFL=(LDL*VFS)/(.3660131*FQ)

650 LRC=ATN(ZS/XCOMPB):LDC=(ABS(LRC)*180)/P1

660 IF XCOMPB=>0 THEN LDC=180-LDC

670 LFC=(LDC*VFES)/(.3660131*FQ)

680 PRINT:PRINT“The required SHORTED STUB length is";:LDL:"degrees or";LFL;"feet.
690 PRINT*The required OPEN STUB length is™:LDC:"degrees or™:LFC; feet.

700 PRINT:PRINT"Press <Print Screen> to complete the record of calculations.”

710 PRINT:PRINT"For another run, press <A>; to quit, press <Q>."

720 [$=INKEY$:IF I$="a" OR [$="A" THEN 10 ELSE IF 1$="Q" OR I$="q" THEN 730 ELSE
720

730 RUN “C:\basic\menu.bas™

values directly from the square root of reactance, and X, is the equivalent parallel
Equation 2, assigning the signs this way: the reactance the stug is 10 compensate.

reactance associated with the shorter line A reversal of the signs of the reactances pro-
length will have the sign of the reactance at the  vides the values that must be returned by
antenna feedpoint, appropriate compensating stubs. The length of

For the stub calculations, we shall first con- a shorted stub, when the desired reactance is
vert the reactance into a parallel value to facili-  known, is given by:
tate mechanical connections for the stub.

R+ Xg2 ¢, = arctan —z(z-é-)“-—-
Xp= ——>— 12
K Xg (11) (0
where R, is the main feedline characteristic and the length of a corresponding open stub

impedance, Xs is the calculated input remnant ~ is given by:
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== Xin
¢o = arccot ——— (13)

where X;, is the desired reactance, Z, is the
characteristic impedance of the transmission line
used for the stub, and ¢ and ¢, are the lengths of
shorted and open stubs, respectively. Because
the values of ¢ and ¢ are in radians, they can
be converted into feet by the same means used
to convert the length of the matching line.

The final step is to select the best combina-
tion of matching line and stub for the proposed
antenna. Ordinarily—for least loss and
mechanical simplicity—the combination with
the shortest matching line and stub is most
desirable.

A simple utility BASIC program
for stub matching

The calculations for a stub-matching system
lend themselves to a simple utility program in

BASIC or almost any other language. Figure 2
is the listing for my own program, replete with
my personal programming quirks. Lines 10-
130 set up the input values for the calculation.
Lines 140 through 170 calculate the target
resistance value along the match-line. Lines
180-440 calculate the length of the matching-
line section and the series resistance and reac-
tance values at that point. The equation is bro-
ken down into components to precalculate
repetitive parts. Line 200 catches the case
where the value under the radical is less than
zero. Lines 360—410 calculate the reactance for
each of the solutions to Equation 7, once more
with the relevant equation broken down into
segments or normalized. (These lines also
recalculate the input resistance of the matching
line; I put this in while setting up the program
as a check and never took it out, since it
involves only a few extra lines. The technique
1s useful for error catching during the program
writing process. However, using Ry and X
and bypassing these steps would shorten the
program somewhat.)

General Solutions for Stub Matching
given Antenna R & X plus Line, Stub, and Feed Zo
L.B. Cebik, W4RNL

Enter Antenna Load Resistance in Ohms 141.36
Enter Antenna Load Reactance in Ohms -693.56
Enter Frequency (in MHz) 28.5

Enter Zo of Line (from antenna to stub) 450
Enter Velocity Factor of Line (as decimal) .95
Enter Zo of Feed (from stub junction to rig) 50

Enter Velocity Factor of Feed .66
Enter Zo of Stub (from line-feed junction) 450
Enter Velocity Factor of Stub 95

Possible lines lengths are A. 5.038553 feet and B. 5.485493 feet.
For line length A, Rs=41.10245 Ohms and Xs=-19.12316 Ohms.
For line length B, RS=41.10246 Ohms and Xs= 19.12327 Ohms.
For a record of these calculations, press <Print Screen>.

Press <c> to continue.

Stub Calculations

Option A: Rs= 41.10245 Ohms and Xs= -19.12316 Ohms.
The required parallel stub reactance to compensate is 107.4669 Ohms.

The required SHORTED STUB length is 166.5685 degrees or 15.16963 feet.
The required OPEN STUB length is 76.56851 degrees or 6.973203 feet.

Press <Print Screen> to complete the record of calculations.

For another run, press <A>; to quit, press <Q>.

For any antenna load R and X, this program finds the Line and Stub length needed to match
any feedline Zo, if a match is possible with the proposed Line, Stub, and Feed Zo values.

Figure 3. Typical output sheet from STUB.BAS.



The results of the calculations so far can be
recorded on paper by a program pause and a
<Print Screen> command. As two screens of
material will fit on one piece of paper. do not
<Form Feed> at this time. Lines 450-710 cal-
culate the required parallel reactive compo-
nents and the stub values that will compensate
for them, two values for each line length. A
second <Print Screen> will combine this infor-
mation with the input values for a complete
record. A sample double screen printout
appears in Figure 3. The antenna is a 10-meter
(28.5 MHz) Extended Double Zepp with a
450-ohm stub match system for a 50-ohm
feedline where the EDZ models a feedpoint
impedance of 141-j694 Q. Option A is 5.0 feet
with a shorted stub of 1.2 feet or an open stub
of 9.4 feet, and option B is 5.5 feet with a
shorted stub of 15.2 feet or an open stub of 7.0
feet. Option A and a shorted stub provide the
mechanically simplest system to implement.
You can truncate the decimals in the results
almost anywhere, because in most cases,
results to the nearest ohm and tenth of a foot
will be close enough to allow for antenna sys-
tem adjustment.

One caution, however, is necessary with the
use of calculating programs. Unlike graphical
solutions, calculating programs give no feel
for the sharpness or broadness of the results:
that is, how small physical variations from the
calculations will affect the adjustments. In
general, the higher the ratio of reactance to
resistance at the antenna feedpoint, the sharper
the curve. In these cases, small physical varia-

tions may require extensive adjustment of the
calculated lengths.

Recent ARRL Handbooks have presented an
interesting 12-meter EDZ cut to a length that
provides a feedpoint impedance of 142-j555
Q.5 With 450-ohm transmission line
(VF=0.95), both options yield 5 feet 5 inches of
matching line with negligible reactance, obviat-
ing the need for a stub. The impedance present-
ed by the matching line to the coax is 55 ohms.
In fact, using the program with a feedline
impedance of 50 ohms produces a “no possible
solution message.” The lesson is that before
giving up on a combination, try raising or low-
ering the feedline impedance by 10 percent to
see if a solution emerges. The resulting SWR
on the coax will be well within limits.
However, K7KGP's antenna is quite unusual,
and exact reproduction or scaling for other
bands may require extensive on-site adjustment.

These examples only scratch the surface of
the usefulness of a utility BASIC program in
making matching-section calculations. The
limits of stub matching are far wider than these
examples. Of course, modeling the results on
NEC with transmission-line capabilities per-
mits all calculations to be verified.

REFERENCES
1 Terman, Radio Engineer’s Handbook, page 186.
2. Kuecken, Expl el T ion Lines by Personal

Computer, pages 180-181

3. The ARRL Hawdbook, 1987 edition, page 16-2, (normalized version of
equation)

4. The ARRL Handbook, 1992 edition, page 16--3, (non-normalized version)
5. The ARRL Handbook, 1992 edition page 33-11

PRODUCT INFORMATION

Philips ECG Introduces New
Semiconductor Master Replacement Guide

Philips ECG has introduced their 16th
Edition ECG® Semiconductor Master
Replacement Guide. The Master Guide fea-
tures over 14,000 additional cross references
and nearly 200 new devices, including new
product families. With more than 276,000
crosses to Industrial and Entertainment part
numbers, the 16th Edition Master Guide is a
comprehensive source of replacement informa-
tion for electronic equipment servicers.
Expanded selector guides are also provided to
simplify choosing the best ECG replacement
type for numbers that are not crossed.

The Guide includes a total of approximately

4,100 components. Among the new devices
added are 124 modules and ICs used in VCRs,
TV, audio, PCs and industrial equipment
applications. Functions include voltage regu-
lators, motor drivers, signal processors,
decoders, AFPOs, small signal subsystems
and deflection circuits. Also added are a num-
ber of transistors, rectifiers, diodes, gas filled
surge arrestors, optoelectronic devices and
accessories,

All ECG products and literature are available
through authorized Philips ECG distributors.
To locate the nearest distributor, consult
“Electronic Equipment & Supplies™ in the tele-
phone directory yellow pages, or call toll-free,
1-800-526-9354.
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Putting a PC's serial port to work

s microprocessors rapidly infiltrate
Aevery item imaginable, odds are excel-

lent that the next amateur radio equip-
ment you buy will include a means of commu-
nicating—probably an RS-232-C serial port—
with a host personal computer. In this column,
we’ll examine what RS-232-C is all about, and
review a pair of interesting products that attach
to a PC’s serial port.

Roots of RS-232-C

Promulgated in 1969 by a committee of the
Electronic Industries Association, the RS-232-
C standard (or RS-232-C for short) solved a
thorny problem—how to specify the intercon-
nection of remote terminals via telephone lines
to centralized mainframe computers. A typical
link consists of a modem or data set (both
referred to as DCE or data-communications
equipment) and a teleprinter, CRT terminal, or
computer (all referred to as DTE or data-termi-
nal equipment).

RS-232-C defines electrical signals, the
mechanical interface, circuit functions, and cer-

tain application-specific subsets of the standard.

Surprisingly, nowhere does the standard define
a specific connector; however, an appendix
informs us that “. . . commercial products. . .
will perform satisfactorily, such as connectors
meeting MIL-C-24308 (MS-18275) or equiva-
lent standards.”

Developed sometime after World War 1I for
rack-and-panel mounted avionics equipment,
an MIL-C-24308 connector consists of a
squashed keystone- or D-shaped metal shell
surrounding an insulator containing pins in two

offset rows. Commonly referred to as D-sub-
miniatures, these popular connectors are avail-
able in sizes from nine to 50 pins.

Weird variants exist—for example, Apple’s
notoriously hard-to-find 19-pin external floppy-
disk drive connector as used on the first-gener-
ation Macintosh, and exotic military versions
containing coaxial and high-voltage contacts.
For our purposes, we’ll examine only the nine-
pin (DB-9) and 25-pin (DB-25) models.

Mapping the pinout

RS-232-C defines a female connector for the
DCE side of the interface, and a male connector
for the DTE side. Table 1 lists functions of all
25 pins, the subset chosen by the IBM PC’s
designers, and a further subset of nine pins used
in PC/AT computers. Depending on its age and
configuration. your PC may include both 9- and
25-pin serial port connectors. A PC’s parallel
printer port uses a 25-pin female D connector;
don’t attempt to attach an RS-232-C device via
an adapter!

In the PC’s early days, manufacturers and
hobbyists sometimes played fast and loose with
RS-232-C connectors, occasionally wiring PCs
as DCE devices or as DTE devices fitted with
the wrong connectors. Nowadays, serial ports
enjoy greater standardization, however, some
manufacturers use uncommitted pins for apply-
ing power to specialized peripherals such as
optical scanners.

Table 1 reveals that most of RS-232-C’s sig-
nals go unused, at least in the IBM PC-compat-
ible universe. A PC operates as a DTE device,
while modems, mouses, and other serial periph-



Signal Function

Protective Ground
Transmitted Data
Received Data
Request to Send
Clear to Send

Data Set Ready

Signal Ground

Received Line Signal
Detector (Carrier Detect)
Reserved

Reserved

Unassigned

Secondary Received
Line Signal Detector
Secondary Clear to Send
Secondary Transmitted
Data

Transmission Element
Signal Timing

Secondary Received Data
Receiver Element Signal
Timing

Unassigned

Secondary Request to
Send

Data Terminal Ready

Signal Quality

Indicator

Ring Indicator

Data Signal Rate
Selector

Transmit Signal Element
Timing

Unassigned

Notes:

RS-232-C Pin
Pin Number

L N S S

~ >

12
13

14

17
18

19
20

23

24
25

1. n/a refers to signals that are not available.
2. Input and output directions describe signal flow to and from the PC (DTE).

IBM PC-XT
DB-25M Pin
Number

1

2 (output)
3 (input)
4 (output)
5 (input)

6 (input)
7

8 (input)
n/a
n/a

n/a

n/a
n/a

n/a

20 (output)
n/a

22 (input)
n/a

n/a
n/a

IBM PC-AT
DB-9M Pin
Number

n/a

3 (output)
2 (input)
7 (output)
8§ (input)

6 (input)
5

I (input)
n/a
n/a

n/a

n/a
n/a

n/a
n/a
n/a

n/a
n/a

n/a

4 (output)
n/a

9 (input)
n/a

n/a
n/a

Table 1. This table contains the classic definitions of RS-232-C signals and their implementation on the original IBM

PC’s 25-pin DB-25M (male) connector and the more recent nine-pin DB-9M (male) connector as used on most

PC/AT compatibles and clones.

erals are contigured as DCE devices. Signal
names are usually abbreviated (e.g., Data

Terminal Ready to DTR).

A straightforward modem-to-PC connection
uses a nine-wire cable terminated in a DB-25M
(DCE connector) on one end and a DB-25F on

the other (which plugs into the DTE PC). The
cable is wired straight-through; that is, the DB-
25M’s pin 2 connects to the DB-25F’s 2, pin 3
connects to 3, and so forth. Most RS-232-C
cables are shielded, and the shield connects to
pin 1 in both connectors. Note that the original
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Data Set Ready

Function DB-25M or DB-25F DB-25M or DB-25F Function
Pin Pin

Protective Ground { I Protective Ground
Transmitted Data 2 (output) 3 (input) Received Data
Received Data 3 (input) 2 (output) Transmitted Data
Request to Send 4 (output) 5 (input) Clear To Send
Clear to Send 5 (input) 4 (output) Request To Send
Data Terminal Ready 20 (output) 8 (input) Carrier Detect

6 (input) Data Set Ready
Signal Ground 7 7 Signal Ground
Carrier Detect 8 (input) 20 (output) Data Terminal Ready

6 (input)

RS-232-C standard defines separate signal and
protective grounds, while most PCs tie both to
chassis ground.

Although RS-232-C specifically defines only
DTE to DCE connections, you can connect two
DTE or two DCE devices together via a cross-
over or null-modem cable or adapter that’s
equipped with two male or female connectors
and wired as shown in Table 2. You can easily
design a similar null-modem cable for nine-
pin ports.

A fully implemented PC-to-modem interface
uses all of the signals listed in Table 2, but you
can build a functional RS-232-C interface using
only lines 2 (Transmit Data), 3 (Receive Data)
and 7 (signal ground). Instead of using hard-
ware handshake signals (e.g.. Data Terminal
Ready and Request To Send) to notify the host
that it’s okay to send additional data, you
design your software to recognize status char-
acters inserted in the data stream.

Referred to as Device Codes 1 and 3, or X-
On and X-Off, these nonprintable status charac-
ters occupy low addresses in the ASCII charac-
ter chart. Upon receipt of an X-Off character,
the host suspends data transmission until the
receiving peripheral sends an X-On character,
signifying that it’s ready to continue.

Physical issues

You can purchase DB-25 connectors with
solderable, individually crimped or mass-termi-
nated pins. No one technique works best. Of
course, manufacturers can afford specialized
crimping tools. but the rest of us must use
what’s readily available—solderable connec-
tors that work best with high-temperature wire
whose insulation won’t turn to mush when

Table 2. Wiring for a null-modem RS-232-C cable that’s used for connecting two DTE or two DCE devices together. Note
that pins 6 and 8 are connected together at each connector and to pin 20 of the opposing connector.

heated. Slide small pieces of heat-shrinkable
tubing over individuval conductors to insulate
the soldered connections.

Not all connectors withstand soldering heat
well—translucent nylon melts easily, allowing
pins to wander unless you use a mating connec-
tor as a fixture. Look for connectors made with
blue, heat-resistant diallyl phthalate insulators
or other hard, thermosetting plastics.

Individually crimped connectors don’t dam-
age wire insulation, but applying too-vigorous
pressure with a hand crimping tool can bend
the pins. Also, removal of an erroneously
inserted pin from a connector body requires a
special tool and a measure of skill. Extracted
pins may break when reinserted.

Mass-terminated RS-232-C connectors work
well with ribbon cable for wiring inside an
enclosure. While shielded ribbon cable is avail-
able, it’s not commonly found as surplus, and
unshielded ribbon cable cheerfully radiates
interference to nearby receivers.

A variety of commercially-assembled 9-to-25
pin adapters can help you match cables and
devices to your PC’s serial ports. Custom-wired
adapters sometimes appear as surplus. Perform
a continuity check on any unlabeled adapter
before putting it to work.

Flectrical issues

An RS-232-C signal assumes one of two
states—a logic 1 (a mark, in teleprinter par-
lance) consisting of a voltage between -3 and
-25 volts, or a logic O (space) consisting of a
voltage between +3 and +25 volts. A 50-volt
one-zero swing no doubt strikes today’s circuit
designers, accustomed to noise margins of a
volt or two, as an extravagance. However, RS-
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Figure 1. Received from station NAM in Cutler, Maine, this annotated infrared scan shows Hurricane Marilyn as of

September 18, 1995,

232-C’s ancestral teleprinters included noisy
motors and spike-generating solenoids.

On the receiving side, an RS-232-C input cir-
cuit presents a resistance of from 3,000 to
7.000 ohms and an effective shunt capacitance
of 2,500 pF or less. The latter value sets an
upper limit on input plus shunt cable capaci-
tances. While the standard recommends cables
of 50 feet or 15 meters. you can extend the dis-
tance by slowing the data rate, using lower-
capacitance cable, or using driver and receiver
circuits that handle £25-volt power supplies.

In addition, RS-232-C imposes rate-of-
change limits—a | ms maximum transition
time for a one-to-zero or zero-to-one transition,
and a 30 volt-per-ps maximum rate of change.
The standard applies for data-signalling rates
from zero to a maximum 20.000 bits per second
(or 20 kBPS—19.6 kBPS is the closest com-
monly used rate).

In practice, RS-232-C’s 25-volt limit is rarely
used—most serial ports obtain +12 and —12
volts from a PC’s internal power supply. Using
low-capacitance coaxial cable and data rates of
4800 BPS or under can extend the range to
hundreds of feet.

Nowhere does the RS-232-C standard spell
out data formats. You can use synchronous
(clocked) or asynchronous (start-stop) modes,

and the latter can assume any combination of
start, data, parity, and stop bits.

In asynchronous mode, a character or burst
of data can arrive at any time. Thus, each char-
acter begins with a low-going start pulse, fol-
lowed by a number of data pulses that can
assume either a low or high state. A parity bit
(if used) follows, taking on a high or low state
depending upon the value of the previous data.
Finally, one or more logic-high stop bits termi-
nate the character.

After World War I1, radio amateurs adapted
surplus Baudot-coded teleprinters that present-
ed a current-loop electrical interface. Limited to
five data bits or 32 binary words, the Baudot
code covered the 26-letter alphabet, ten digits,
and assorted punctuation characters by adding
shift and unshift characters to reposition a
teleprinter’s type bars.

Baudot's 32-character base and time-con-
suming shift/unshift operations were inade-
quate for high-speed serial printers, and design-
ers turned to other coding schemes, including
EBCDIC (IBM’s binary-coded decimal system)
and USASCII (USA Standard Code for
Information Interchange), or ASCII for short,

Most PCs and modern amateur radio systems
use ASCII codes consisting of one start bit,
eight data bits, no parity bit. and one stop bit.
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This is often referred to as 8-N-1 format. Data
rates run from 300 to 57,600 bits per second. A
7-N-2 format—one stop bit, seven data bits, no
parity and two stop bits—is also used.

Putting the port to work

Beyond RS-232-C’s obvious applications, a
host of interesting and somewhat offbeat prod-
ucts take advantage of its strengths: low cost,
uncomplicated data protocols, and good noise
immunity.

Its electronics packaged in a slightly oversize
RS-232-C connector shell, the $129 PC HF Fax
Plus system from Software Systems
Consultants of San Clemente, California pro-
vides radio amateurs and SWLs interested in
copying weather-facsimile (WEFAX) images,
radioteletype (RTTY) traffic, and Morse code
with a compact and inexpensive hardware/soft-
ware combination demodulator.

While you can receive satellite images direct-
ly via VHF and microwave frequencies, the
U.S. Navy, Coast Guard, and agencies of other
governments rebroadcast satellite video and
infrared scans on selected frequencies in the HF
bands. To receive these, you’ll need an HF
receiver that’s equipped with either a beat fre-
quency oscillator (BFO) or upper and lower
sideband modes. Garden-variety AM-only
shortwave receivers won’t work.

For best results, use a balanced dipole anten-
na fed with coaxial cable or balanced line dri-
ving a balun to match your receiver’s input
impedance. Route the antenna feedline as far
away from your PC and other noise sources as
possible.

To begin, you plug the PC HF Fax demodula-
tor into a spare RS-232-C serial port on your PC
and install the software, which runs under MS-
DOS 2.7 or higher versions and requires 640 KB
of memory. You can also run the software under
Windows 3.x in standard mode, or under
Windows’ enhanced mode if your PC includes a
486DX-2/66 MHz or higher processor.

The fax software can display gray-scale
images. provided a VGA or higher graphics
adapter is present in your PC. The
Telex/RTTY/CW software runs only under
DOS or standard-mode Windows.

If you’re unfamiliar with the sound of HF fax
and RTTY signals, you’ll appreciate the tape
cassette that’s included as part of the package.
One side provides an HF fax tutorial, while the
other covers various RTTY, Telex, and CW
modes which you can use to test your demodu-
lator. An inch-thick manual provides detailed
instructions for both the fax and Telex soft-
ware. As a bonus, lists of frequencies and fax
schedules provide a head start on finding inter-
esting signals to copy.

Other accessories include a quick-reference
card, a 9-to-25 pin serial-port adapter cable and
three floppy disks containing the software and
VESA video drivers for a generous assortment
of VGA display hardware.

I used a Drake R8 communications receiver
and a 200-foot ladder-line-fed dipole to tune the
U.S. Navy’s fax transmissions from Cutler,
Maine. I received my first weather map within a
half hour of opening the package-—an interval
prolonged by a search for an adapter to match
the demodulator’s 1/8-inch phone plug to the
Drake’s RCA-style audio line-output jack.

Figure 1 shows a view of Hurricane Marilyn
as captured on September 18, 1995. A combi-
nation of local QRM and late-summer thunder-
storm QRN added streaks and dashes to the
image. The HF fax software includes several
useful tools that alter image brightness and con-
trast, and translate a gray-scale image into false
color, black/white, or blue/gray charts.

Other handy tools magnify a selected portion
of the image, and display a histogram showing
the distribution of image pixels versus bright-
ness. You can examine the intensity of single
pixels and straighten distorted images or align
an image’s display margin. A print mode pro-
duces gray-scale or line drawings on your PC’s
printer (a wide range of printers are directly
supported or emulated).

There’s more: you can control an RS-232-
equipped receiver from a second serial port to
schedule reception of faxes from several sta-
tions. Both fax and Telex software feature
handy tuning-oscilloscope displays of signal
thresholds and logic levels.

In Telex/CW mode, the software achieved
near-perfect copy on WIAW’s 10 dB-over-S9
35-wpm code transmissions, while it encoun-
tered some difficulties with weaker signals or
those under moderate QRM. Teletype reception
also required a solid signal for best results.

The demodulator draws DC power from the
RS-232-C connector, an unorthodox use of a
PC’s serial port. My curiosity aroused by the
absence of a schematic or hardware description.
I probed the demodulator’s pins, discovering
that the software sets pin 4 (Request to Send)
high and pin 20 (Data Terminal Ready) low to
provide a few mA at £12 volts.

Recovered FSK image or RTTY data
emerges from the demodulator via pin 6 (Data
Set Ready), and a 22-ms square-wave clock
appears at pin 5 (Clear To Send). Clearly, wiz-
ard-class software does most of the work, as
not much hardware can fit into an RS-232-C
connector housing. My guess is that the demod-
ulator contains a micropower phase-locked
loop circuit.

Note that the fax and Telex software require
separate setup procedures from within each
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Figure 2. Radio Shack’s Model 22-168 Windows software displays a 1-k NTC thermistor’s resistance versus time—a
match held nearby produced the sharp resistance decreases. An earlier capacitance reading appears in the main menu

window.

program, a detail which I interpreted as a bug. |
left a message for tech support on Software
Systems Consulting’s BBS and received a
prompt reply to my question.

In general, you must read the manual care-
fully to appreciate all of the software’s fea-
tures—a task made difficult by the manual’s
too-tight plastic comb-style loose-leaf binding.
While crowded and noisy HF bands may even-
tually whet your appetite for clearer images
downloaded via VHF or UHF satellite ser-
vices, the PC HF Fax Plus package will help
you explore alternative communications modes
at a modest cost.

low-cost data acquisition

The advent of PCs has sparked an explosion
of new applications and low-cost hardware/
software products for data acquisition. One
example of this is Radio Shack’s Model 22-168
LCD Digital Multimeter priced at $129.99.

The handheld Model 22-168 contains a serial
interface that works with an IBM-compatible
PC’s serial port. Software running under DOS
or Windows displays and captures data to files
on your PC’s hard disk drive.

Running at a fixed 1200-BPS rate, the data

link sends characters consisting of seven data
bits, no parity, and two stop bits. A data frame
consists of 14 alphanumeric characters termi-
nated by a carriage return (CR) character.

The meter’s liquid-crystal display measures a
generous 2-5/8 by 1-1/2 inches and includes an
analog bargraph and a slew of annunciators:
digits measure 5/8 inches high by 5/16 inches
wide and offer acceptable off-angle visibility.
A built-in stand lets you position the meter at
an optimal viewing angle,

A total of 38 measurement ranges include
DC and AC voltage and current, resistance (to
2 gigaohms), capacitance (to 200 pF), frequen-
cy (to 20 MHz), diode checking, high/low logic
levels, audible continuity and bipolar transistor
hFE (current gain). A dual-mode capability
simultaneously displays AC voltage and fre-
quency, a useful feature for checking power
supply ripple.

Controls consist of six push buttons for
power and functions, and a rotary range selec-
tor switch. The function pushbutton provides a
one-way toggle through ten menu choices.
Connectors include four recessed banana jacks
for test leads, two side-wiping sockets for
capacitor leads, and an 8-pin socket for transis-
tor leads.

The Model 22-168 sports interesting features:
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auto-hold traps a four-second-old reading to an
inset display, and data-hold traps an operator-
selected reading to the display. You can view
maximum and minimum readings, and enter a
reference value to compare against a reading.
You can store and recall up to ten measured
values in memory.

A 44-page instruction booklet that lacks a
schematic diagram covers the instrument’s
ranges, accuracy and functions. DC voltage
ranges provide the best (1.5 per cent) overall
accuracy—a realistic value for a 3 1/2-digit
instrument. Other ranges offer less accuracy.
For example, the frequency range specifies
only +4.5 per cent overall accuracy—not ade-
quate for precision RF work but still useful.

Safety features include two internal fuses,
and test probes with textured grips and finger-
stop rings. Measurement limits are 1000 volts
DC, 750 volts AC, and 20 amperes (AC or
DC). Of more importance, optocoupler inte-
grated circuits isolate the RS-232-C data link
from the measurement circuitry. The manual
doesn’t specify meter-to-computer breakdown
voltage. but the instrument carries an
“Underwriter’s Laboratory Listed Tester 1T10™
label—an assurance that it's safe to use within
the measurement limits.

Internally, the Model 22-168 uses a mixture
of through-hole and surface-mounted compo-
nents. The range switch contacts consist of
gold-plated PC-board traces, a common design
choice in low-cost instruments. The heads of
two PC-board retaining screws come perilously
close to PC board traces and pads, but addition
of a pair of plastic washers would preclude
potential trace cut-through and short circuits.

In operation, the Model 22-168 draws
approximately 70 mW from a standard 9-volt
alkaline battery. A two-second delay between
making contact and hearing the buzzer sound
mars the audible continuity-test mode—that’s
too long for efficient testing,

The Model 22-168"s software deserves a col-
umn in itself—versions for DOS and Windows
are included. Both provide sampling rates best
suited to slowly-changing phenomena such as
power-supply drift or troubleshooting intermit-
tents where outages last at least ten seconds.
Figure 2 shows a thermistor’s changing resis-
tance as a heat source is applied twice—the text
at the right side lists maximum and minimum
readings and their times of occurrence,

Both packages acquire data in ASCII for-
mat, simplifying export to other programs
(although you may have to edit header and
label text to meet their requirements). Of the
two versions, | preferred the more-polished
Windows software although both deserve doc-
umentation beyond their on-line help files.
Also, to simplify component characterization,
the meter could use a single-point data-acqui-
sition mode in which pressing a PC key traps
a measurement.

Radio Shack’s Model 22-168 multimeter and
software offer radio amateurs an inexpensive
and self-contained data-acquisition system that
opens paths to interesting applications (e.g..
logging SWR while tweaking an antenna).
Between the Model 22-168 and Software
Systems Consulting’s PC HF Fax Plus package,
you just may find that your PC is running out
of available serial ports—but that’s a topic for
another column!

Purchasing information

To purchase PC HF Fax Plus, contact
Software System Consulting, 615 S.El Camino
Real. San Clemente, California 92672, (714)
498-5784 (voice) or (714) 498-0568 (fax).

You can buy the Model 22-168 LCD Digital
Multimeter from local Radio Shack stores. or
contact Radio Shack, Tandy Corp.. 700 One
Tandy Plaza, Fort Worth, TX 76102. =

Kantronics’ KPC-3 Now GPS Compatible

Kantronics' KPC-3 TNC now has GPS capa-
bilities. To receive and re-transmit GPS (global
positioning system) data, the KPC-3 connects
to GPS receivers with NMEA-0183 interfaces.
Standard features in the KPC-3 version 6.0
include: Multiple string parsing. Users select as
many as four of the GPS unit’s NMEA data
strings. Storage of outgoing data in tracking
buffers. GPS data can be stored for later
retrieval and is accessible via the KPC-3’s
mailbox. Time-slotted location broadcasting

PRODUCT INFORMATION

based on the GPS clock. Users specify beacon
start time and amount of time between bea-
cons, so multiple stations report without colli-
sion. Remote access. System operator can
reconfigure the GPS unit from a remote loca-
tion; and the KPC-3 version 6.0 is also APRS
compatible.

For versions prior to 6.0, Kantronics offers
an EPROM upgrade. Contact your local autho-
rized Kantronics dealer or Kantronics for more
information. Kantronics, 1202 E. 23rd Street,
Lawrence, KS 66046; phone 913-842-7745;
fax 913-842-2021; BBS 913-842-4678




R.P. Haviland, W4MB
1035 Green Acres Circle North
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SWR and other precision measurements

or too many hams, the only antenna mea-
Fsuremem they make is that of standing

wave ratio (SWR). Many tales of poor
antenna performance have been traced to a con-
centration on SWR and neglect of other mea-
surements. Use the SWR measurement for what
it should be: the measurement of conditions
between a properly working antenna and a
properly working transmitter or receiver. In this
connection, don't forget that the SWR of an
ideal dummy load is 1:1—but it doesn’t radiate
very well. Once again for emphasis, the job of
an antenna is to radiate, not to have low SWR.
The matching unit is the SWR control, whether
at the antenna or at the shack.

Of course, SWR is of some importance. Coax
attenuation does increase as SWR goes up;
however, this is usually important only on VHF
and above. More important is the possibility of
puncture at high power, or of a short due to
heating and softening of the dielectric at a high
current point. Pay attention to line ratings when
setting SWR goals. Problems like an unhappy
solid state transmitter, RF on the mike cable,
and narrow operating range disappear if an
antenna tuner is used. It’s easier to use this

antenna tuner if a SWR meter is permanently in
the line.

Early SVWR indicators

Just after World War II, a simple SWR indi-
cator appeared, as shown in Figure 1A. It
works because there is simultaneous magnetic
and electric coupling to the transmission line.
These combine to separate the forward and
reflected waves. When the two lamps are of
equal brilliance, the SWR is infinite: when one
is out, it is unity. Figure 1B shows an unbal-
anced line version. One of these makes a useful
indicator of antenna change if it’s left perma-
nently in the line. Such an indicator can be use-
ful in the emergency or field-day kit.

Modern meters

Modern SWR meters use variations of the
principles used above. The meter in Figure 2A
employs the same parallel line structure as in
Figure 1B, but with separate lines for forward
and reflected components. In Figure 2B, a RF
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Figure 1. Balanced Line SWR indicator. (A) This post WWII open wire line
indicator shows low SWR when the bulb towards the transmitter is bright
as compared to the one towards the load. Dimension shown and bulb types
suitable for a transmitter of 50-100 watts output. Sensitivity is adjusted by
the spacing from the main line. (B) Coax version of (A).
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Figure 2. SWR measuring instruments. (A) Transmission line directional
coupler, an extension of Figure I. Sensitivity is much higher, due to use of
the diode detector. A typical unit made for the CB band is usable for the low
power range from about 0.1 to 10 watts. (B) Coupler/ indicator which sepa-
rates the magnetic and electric field coupling to the line. Careful construc-
tion is needed to eliminate the effects of stray coupling, see the ARRL or
other handbooks for design details.

transformer is used for the current component,
and a capacitor for the voltage. Designs are
available for the power range from about 1 watt
to many kW, and for frequencies through UHF.
Separate units or measuring heads for HF and
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VHEF are best, but most types will correctly
indicate 1:1 SWR over a wider frequency range
than shown on specification sheets. Check
using a matched dummy load. For example, a
typical line type intended for CB use provides
good results on 144 MHz, and is usable on 220.

Virtually all of the units on the market use a
single meter, switched from forward to reflect-
ed. The two-meter type is much easier to use.
However, they are more expensive, so you
might want to add the second meter in a bolt-on
box. You can replace the original calibration
pot with a dual unit, or add the pot externally.
The second meter doesn’t need to be large. You
can use the built-in meter when measuring the
important quantity. Usually, this is reflected
power during antenna adjustment, and forward
power during station operation. One of these
modified units between the match-box and the
transmitter, plus calibrated dials on the match-
box makes for fast tune-up/operation on multi-
ple bands, over the entire extent of the band.

These SWR meters work on the basis of
resistance comparison. If the resistor at the end
of the pick-off line in Figure 2A is replaced by
a capacitor, the comparison is of reactance
components. Automatic antenna tuners use a
form of this device to control the reactance can-
cellation components of the tuner, plus a nor-
mal SWR type to control the feed resistance-
setting components. You could build a combi-
nation R-X indicator, but there are better tech-
niques available.

Here’s a trick to help tune up a Yagi antenna
before raising it to the top of the tower. Point
the antenna straight up, with the reflector a lit-
tle above ground. Adjust the matching section
so it’s as close to 1:1 SWR as you can get. Now
when the antenna is installed atop the tower,
only touch-up adjustments will be necessary. If
you're lucky, the SWR will be acceptable with
no further tuning. This method is much easier
than attempting to do all of the tune-up atop
the tower.

Precision measurements to
replace SVWR

While it’s possible to design an exact match-
ing system from SWR information by using the
“cut and try”” method, the process is easier if
you can measure the impedance. Also, the ter-
minal impedance of the antenna tells a ot about
what’s going on. Any serious antenna work
requires impedance measurement.

SWR alone does provide a measure of the
magnitude of the impedance. However, a sec-
ond measurement is necessary to find the angle
of the impedance. This can be the position of
voltage minimum (see later), but you may find



it inconvenient to obtain. For an easy measure-
ment, add series resistance to the line, Figure
3A, and measure the new SWR. The intersec-
tion of the two SWR circles on a rectangular or
curved (Smith) impedance chart provides two
resistance and reactance magnitudes; but, a
third measurement is needed to select the cor-
rect value of the two possible solutions. This
can be either the series capacitor or inductor as
shown in Figure 3B or 3C. The third circle on
the chart now identifies the correct point. It’s
easy to calculate a computer solution of this
resistance plot geometry. The equivalent shunt
elements are also usable.

These series and shunt elements are useful in
extending the calibration range of the measure-
ment bridges discussed later. Use the series ele-
ment for very low impedances, and the shunt
for very high ones. Calculate the unknown
from series and parallel impedance relations.

For greater accuracy and ease of use, you’ll
need an impedance bridge or similar device.
The basic principle is shown in Figure 4A, and
a typical series arm bridge in Figure 4B. Low-
cost versions are made by combining a noise
generator with a simple bridge, as “The Noise
Bridge.” They are available commercially, or
you can build them using the designs in the
ARRL., RSGB and Radio handbooks. Most
bridges are only designed for 50-ohm lines and
low reactances. Series elements as in Figure
4B, or equivalent shunts, can be used to extend
the measuring range. Note that some designs
indicate only resistance, depending on the
depth of the null to indicate when reactance has
been eliminated.

In the precision field, you may occasionally
see a General Radio RF bridge for the 0.4 to
60-MHz range at a hamfest. The price tends to
be high, because their usefulness is well
known. More common, and far more inexpen-
sive, is the HP VHF Bridge. This unit is excel-
lent for scale model work in the 55 to 500-MHz
range, and usable down to about 5 MHz (with
some problems). The HP RX meter for 0.5 to
500 MHz turns up occasionally, as does the GR
UHF Admittance Meter for 20 to 1000 MHz.
You may see newer equipment such as network
analyzers, vector impedance meters, but these
items take more than loose change to buy.

All of these units have the same basic test
set-up, as shown in Figure 4A. Source and
generator may be as discussed above, or may
be of one the many special types recommended
by the manufacturer. One often finds old HP
and GR catalogs at hamfests and used book-
stores. These are the best guide to the identifi-
cation of possible pieces of equipment, and
offer many useful hints for use, too. You may
also come across instruction and technique
books. Fair Radio can supply copies for some
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Figure 3. Series Elements for SWR to R,X measurement.
Series or parallel resistance and/or reactance can be used
to give R and X measurement from 2 or 3 SWR values.
Use a rectangular or Smith chart, or computer program,
for calculation. Typical values for 14 MHz are shown at
(A) resistor, (B) capacitor, (C) inductor. For the parallel
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Figure 4. Elements of impedance measurements. (A) Basic measuring setup, of
signal generator, bridge and detector. A wide band detector is often used with
a single-frequency generator, but a narrow band detector (receiver) must be
used if the signal source is wide band, such as a noise generator or a swept fre-
quency oscillator. (B) Basic four arm bridge, usvally designed for equality of
the upper and lower arms. The standard arms may be a center tapped trans-
former, or two resistors, or may be more complex. The series adjustable arm
type is good for dipoles below resonance, as shown for the series RC unknown
element. Parallel arms may also be used, as in the GR RF bridge and some
noise bridges. (C) Transmission line bridge. The resistive component of the
unknown is determined by adjusting the relative capacitive and inductive cou-
pling to the line ends, and the reactive component by the fractional wave-
length departure from line center at balance. This is the principle of the HP
RF bridge. Other designs are found in the literature.

Communications Quarterly



{A) [— CONDUCTOR LENGTH 2 A\/2
I //
CONNECTOR N CONNECTOR
GENERATOR // LOAD

A A
TROUGH - SCALE ON EDGE
{B)

ADJUSTABLE DEPTH DETECTOR PROBE

MOVABLE SLIDER
Z,=1381L0G)p

Swiguy LD
('0“' Lo

xd @) CONDUCTOR

TROUGH

e Tty

- d e

-2 W—>

(C)
DIAMETER =d
GENERATOR S LOAD

B ‘ >
Loy -

Zo+276 LOG o (id‘”l) LENGTHS A/2
LOAD, GENERATOR MAY. BE BALUN—»UNBALANCED LINE

Figure 5. Transmission Lines for Measurement. (A) Top view of a slotted or trough
transmission line, usually designed for a Zo of 50 ohms. A probe moves along the open
top of the line to give the voltage variation along the line, which gives the SWR. The
position of the voltage minimum gives the second measurement needed to calculate R
and X. (B) Cross section of a trough line. The probe end is usually smaller than the
conductor diameter. Such lines can be built with 1 x 3 inch extruded aluminum, or can
be sheet metal folded around a 2 x 4 for forming. The equation gives the conductor
diameter and position for the design impedance. A 6 foot length is good for 144 MHz
and above. (C) Elements of a Lecher wire system, which may be designed for 270, 300,
450 and 600 ohm impedance. If room is available, useful at HF, for measurement, or
for check of the SWR accuracy of another instrument.
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Figure 6. Germanium diode RF voltmeter for low voltage measurements. A

IN914 silicon diode will withstand higher voltages, with a small loss in sensitivity.

equipment, and it may be possible to obtain
microfiche copies from HP. Call your nearest
office for ordering information.

The ARRL Handbook, The RSGB Handbook,
and The Radio Handbook contain descriptions
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of RF bridges or equivalent measuring equip-
ment for home construction. Reference Data for
Radio Engineers and Terman’s Radio Engineers
Handbook include comprehensive discussions of
theory plus material on practical use.

These devices aren’t difficult to use. Setup
can be a little tedious. Evaluation of the mea-
suring results used to take some work, but there
are now computer programs that produce eval-
vated results when you punch a few keys. The
actual measurements are more fun than a chore.

The slotted line

For some reason, amateurs haven’t paid
much attention to the slotted line (Figures SA
and B) or to its open wire analog—Lecher
wires (Figure 5C). A 3 or 6 foot length of
either makes an excellent impedance measuring
element on UHF and VHF, and a 20 or 40 foot
temporary Lecher wire in the backyard is good
tor 6-10 and 6-20 meter work. The traveling
detectors create the greatest problem, but they
can be the simple RF voltmeter of Figure 6.
The terminals should contact the wire for very
low power; but, it’s better to have a high
enough level to allow capacitance probe cou-
pling to the conductors. The necessary mea-
surements include the ratio of the highest and
lowest voltages, and the position of the lowest.

Commercial slotted lines, both coax and
waveguide, generators and detector/indicator
elements for the VHF through SHF range aren’t
uncommon at hamfests. These precision
devices are really nice for the upper bands.

Older editions of The ARRL VHF Manual
had a lot of data on this family of devices. The
RSGB VHF-UHF Manual is very good, and
provides complete construction data for a slot-
ted line. The Radio Handbook also contains
some information.

Calibrated lines

Impedance bridges of any form will give you
the impedance at their terminals. But in antenna
work, the item of interest is the impedance at
the antenna. You must also account for the
impedance transforming effect of the transmis-
sion line. The very old procedure involved
plugging numbers into equations. The Smith
chart was invented to get the same answer via
fast graphical plotting. Today a computer pro-
gram solves the equations, and provides both
number values and Smith Chart plots.

Any of these solutions take some time, and
aren’t convenient when you're developing an
antenna by cut-and-try. It’s easier to have the
measurements provide the antenna values
directly, which is possible if you remember that



the impedance values repeat each half wave of
line. The trick is to get the right line length.
This can be done by cutting the line to the
value PK*LAM/2, where LAM is the wave-
length at the test frequency and PK is the prop-
agation constant stated by the manufacturer—
usually 0.67 for coax.

Because the propagation constant does vary
some from batch to batch, and because the end
connectors change the effective length, it's bet-
ter to simply measure the effective length. To
do this, short one end of the line. A small disk
with a center hole will work if there's no con-
nector. One of these disks can also be used to
short a cable connector receptacle. Connect a
small coil to the other end, and measure the res-
onant frequency with a grid-dip meter (see part
4). For greater accuracy, measure with coils of
1, 2 and 3 turns, and plot the frequency against
the number of turns. Project the curve to the
zero-turn axis to obtain the true resonant fre-
quency. The line length is 4 times the wave-
length; i.e., 4%299.8/f.

The transformation is exact at only one fre-
quency. Assuming that the antenna is near reso-
nance, a small change in frequency has little
effect on the resistance measurement. The reac-

tance value change is approximately the imped-
ance of the line multiplied by the fractional
wavelength change. If the frequency change is
appreciable, use the Smith Chart or computer.

Another way to use line sections of known
effective length is to move a SWR minimum
point into the range of the measuring device.
This lets you use a short slotted line below its
normal lower limit. For a I-meter line, exten-
sions of 1, 2, 3, etc. meters length are needed.

A line section can also be used as a shunt for
the antenna terminals, to bring the terminal
impedance to a value suited to the measuring
instrument. If you use a T connector, remember
to compensate for its length.

If you take time to make up any of these
lines, label them carefully, and save them for
future work. But don't store them in sunlight,
in a damp area, or with too tight a coil. Treat
them like the precision tools they are.

Next time

In the fourth and final part of this series. 1
will discuss field strength meters, grid dip
oscillators, a few mechanical devices, and the
antenna range. |

New Line of Standard Transformer Designs
From Toroeid Corp.

Toroid Corporation has introduced their new
line of standard transformer designs with UL
and CSA safety approvals for the North
American and Overseas markets.

The new line of auto-transformers offers a
low cost alternative to full isolation transform-
ers for step-up or step-down applications.
Auto-transformers can safely be used when the
user's equipment already has a properly
designed full isolation transformer installed for
the line frequency at which the equipment will
operate. Step-down or step-up auto-transform-
ers can also be installed in equipment to drive
components like certain types of motors that do
not require an isolation transformer.

The size and weight of the toroidal trans-
former construction are approximately 50%
smaller than a conventional, stacked E/I lami-
nation transformer. Using an auto-transformer
will save space and money. Toroid offers five
standard power ratings: 250VA, S00VA,
750VA and 1,000VA. All five are available for
step-down from 230V/50-60 Hz to 120V/60
Hz and vice versa. The 250VA step-up trans-
former, P/N AZ8 5615 measures 3.9" OD x
1.7" in height, while the dimensions of the
1000V A, P/N AZ8 5618 are 5.5 OD x 2.3" in

PRODUCT INFORMATION

height. Weights are 2.6 lbs. and 7.1 Ibs. respec-
tively. Prices range from $27.90 to $45.00 in
lots of 100 pieces. NEMA steel enclosure with
or without IEC style receptacles, cords and
plugs are available at extra cost.

For more information, contact Christian
Ennerfelt, Sales Manager, Toroid Corporation
of Maryland, 2020 Northwood Drive,
Salisbury, MD 21801-7805; phone 410-860-
0300: fax 410-860-0302.

Custom Filters In A Flash

For quick solutions to your low-pass filtering
problems, the Shape Shifter Model SL55 from
Gatewave provides both design software and
reconfigurable hardware. The stepped-imped-
ance tubular filter covers cut-off frequencies
from 500 to 5500 MHz with up to 11 sections.
Typical insertion loss is 0.2dB at 1 GHz and
1dB at 5 GHz. The specific parameters of the
kit’s hardware are embedded in the synthesis
routines of the software, allowing for design
and construction of custom lowpass filters for
laboratory use. The software may also be used
to analyze user-defined configurations.
Macintosh and PC platforms are supported. For
more information, contact Gatewave, 565
Science Drive, Madison, W1 5371 1: phone
800-797-9283; or fax 608-238-5120.
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QUARTERLY REVIEW

The Ten-Tec 1253 @-band SV Receiver

84  Fall 1995

en-Tec’s recent excursion into the kit
I arena promises to help fill the void left

when Heath company decided to concen-
trate on educational materials in lieu of their
traditional line of electronic kits. Dubbed “T-
Kits” by the manufacturer, Ten-Tec’s new line
is highlighted in their A-95 catalog. I felt a
review of Ten-Tec’s 1253 9-band receiver kit
might be an appropriate compliment to Charles
Kitchin’s (N1TEV) presentation on regenera-
tive receivers, which also appears in this issue.

Audience

This is a beginner’s receiver, and is aimed at
novice SWLs or hams on a limited budget. The
kit is surprisingly complex, considering its
modest price, and should provide novice
builders many hours of enjoyment, exposure to
a wide variety of different kinds of electronic
parts, and a chance to enhance their soldering
and assembly skills. The recetver is fun to use,
and I suspect the dad or Elmer involved in this
project may be caught playing with it when he
thinks no one is looking!

For clubs, training classes, and family activi-
ties, Ten-Tec also offers a 4-band regenerative
receiver for $24—the model 1054. This
includes a drilled and silk-screened front panel,
but lacks the cabinet, speaker, and knobs. If
class size permits, it’s possible to save some
money by ordering the 1054C CLASS-Pak. It
contains five 1054 kits, instructor’s notes, and a
spare parts kit. (The 1054C is $110 in the
Summer 1995 A-95 Ten-Tec kit catalog.) Note
that there are some differences between the cir-
cuitry used in the 1054 and the 1253 kits
reviewed here.

HRO styled tuning dial

Ten-Tec doesn’t supply a band-by-band cali-
brated tuning dial. This is in part due to the

confines of limited front panel space for nine
bands, and in part due to the use of fixed com-
ponent values for band coils. Tolerance varia-
tions of the varactor diodes and coils would
require extensive alignment points for proper
dial accuracy and tracking. Instead, Ten-Tec
provides a 0 to 22 logging scale over an
approximate 270-degree tuning range on the
front panel. A sample logging chart in the man-
ual provides a method of logging frequency
versus dial indication for each band. This is
similar to the system used by National in the
early HRO series of receivers during the 1930s
and 1940s. The band coverages overlap enough
so no frequency gaps should exist at band
edges due to component tolerances.

An overview of the 1253

Ten-Tec’s model 1253 receiver kit covers
from 1.76 to 1.99 MHz (160-meter band), 3.3
to 4.150 MHz (80/75 meters), 5.5 to 6.9 MHz
(49 meters), 6.8 to 8.5 MHz (40 meters) 8.5 to
11.0 MHz (31 meters), 10.1 to 13.2 MHz (25
meters), 12.5 to 16 MHz (19, 20, and 21-meter
bands) 14.7 to 18.5 MHz (16 and 17 meters),
and 18.5to 21.5 MHz (13 to 15 meters) for a
total of nine electronically bandswitched
ranges. The detector is regenerative, permitting
SSB, CW, and AM demodulation. An internal
3-inch speaker or earphones may be used.
Power is supplied by 8 internal alkaline C cells,
or optionally from an external DC source.

First impressions

I first contacted Ten-Tec as a consumer look-
ing for advice and information on inexpensive
receiver kits. The salesman went into great
detail explaining the features and virtues of
each kit. He was courteous, knowledgeable,
and seemed sincerely committed to the quality
of Ten Tec’s kit line. He left me with the feel-



ing that Ten-Tec was the kind of company I'd
like to do business with.

Rugged metal enclosure

I had expected to find the receiver housed in
a clamshell metal cabinet with plastic sides. I
wasn’t prepared for what I found when 1
unpacked the 1253 kit. Although the cabinet
top, bottom, and sides are made of a clamshell
steel design, the front and rear panels are made
from a U section of aluminum. When put
together, the receiver bottom is actually double-
wall metal construction! Five control knobs
protrude through the front panel. Rather than
having unattractive nuts and washers show,
Ten-Tec uses a rear aluminum panel to affix
these controls; thus, only the knobs show on the
front panel. While the speaker could have been
mounted to the cabinet top (which is grilled to
allow audio to pass through) with simple metal
clips, Ten-Tec uses a second aluminum plate
with a three-inch punched hole and mounting
screws for this purpose. Another custom-made
steel plate supports the battery holders inside
the case. All exposed metal is painted black;
lettering for control markings is white. The
hefty enclosure measures 5-3/4 inches wide, by
3-1/2 inches high, by 5-1/2 inches deep. Rubber
feet are also included. Ten-Tec also offers a
wide line of enclosures for homebuilders and
commercial applications.

Getting started: read the
manuall

Assembly of the T-Kit was left to my 12-
year-old son, who had no prior experience with
kits or electronics. 1 figured this would be a fair
test of the manual and the intended audience
for the kit. I limited the assembly sessions to 2
hours a day—answering questions and offering
advice as the work progressed. In the manual
Ten-Tec advises that, while the kit is intended
for beginners, the presence of an “Elmer” is
suggested to help the builder if problems arise.

One thing I noted was a lack of drawings in
the manual. Heath was a master at illustration,
and their manuals were liberally sprinkled with
drawings of mechanical and electrical details.
Despite the lack of artwork, the Ten-Tec manu-
al 1s otherwise good. It runs some 60 pages,
moving beyond the assembly and providing
other important information. The manual
describes how the radio works, what to use for
antennas, the best times of the day to listen,
what to listen for on the different bands, and
how to use the regeneration control for best
reception of different modes-——all in a style that
expertly relates to a young reader.

Here’s an abridged excerpt from the manual:

“In theory, your receiver’s regeneration con-
trol adjusts the level of feedback...In practice
this control is like a ‘joystick’ for optimizing
receiver performance. Your ability to handle
this “joystick’ saves you many dollars over
today’s cost of receivers which perform similar
functions automatically . . . Once you know
how to use it, it’s a fun control!”

Caveats

Ten-Tec warns against rushing through the
assembly to avoid mistakes. For example, both
3.3-ohm resistors and 3.3-pH molded coils are
used in the kit. Both have similar packages and
orange-orange-gold color codes. Ten-Tec men-
tions this in the manual, and also separates the
resistors and coils in different plastic zip bags
as a precaution. Some care and patience is
needed in some areas of mechanical assembly.
One such area is where the front panel plastic
push-button mates with its matching momen-
tary contact switch on the digital band selector
board. This needs to be accurately spaced to
prevent binding the switch or excessive slop.

To their credit, Ten-Tec lets the builder stop
and actually power up the receiver as certain
milestones are reached during assembly. The
first test takes place when the audio amplifier
stages are completed. At this potint, the builder
is instructed how to apply power and how to
check to see that the circuits he’s just finished
wiring actually work. This boosts the builder’s
confidence, and discourages him from rushing
through the kit to see if it’s really going to
work when finished. I like this aspect because 1
feel the first time kit is an experience that the
builder should savor, and not rush through.

The circuit

The RF section contains three J310 JFETS.
The first serves as a buffer, isolating the detec-
tor from variations in antenna loading, and also
helps reduce RF radiation from the regenerative
detector. A second JFET is used for the regen-
erative detector. The third JFET is used as a
buffer following the regenerative detector.
Bandswitching is provided by pin diode switch-
ing of nine different band coils. Molded RF
chokes are used here. A CMOS 74HC4017
decade counter is used for band selection. Band
selection is accomplished by clocking the 4017
via a front panel push-button switch. A corre-
sponding LED indicates the band selected by
the appropriate 4017 output, which also for-
ward biases the appropriate pin diode for the
desired inductor for that band.

A 7805 provides voltage regulation for the
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detector, regen control, and digital logic cir-
cuits. The power for the detector and regen
control are further isolated and filtered by an
MPS6514 pass regulator. Another MPS6514 is
used for an AF preamplifier. The final audio
amplifier is a 9-pin TDA2611A SIP packaged
audio 1C for ample audio.

PC boards

The electronics are assembled on two pc
boards. One board is used for the digital circuit-
ry involved with the electronic bandswitching:
the second pe board is used for the RF and
audio sections of the receiver. Both boards are
silk-screened with component legends. The
digital board is double sided with plate-through
holes. The RF/audio board is single sided and
while it's not plated, a protective factory coat-
ing protects the board from corrosion for ease
of soldering during assembly.

There are five variable controls on the front
panel: main tuning, fine tuning, RF gain, regen-
eration. and volume. A power switch and
power indicator LED are present, as are nine
LEDs for band indication. There’s also a front
panel push-button for band selection. An inter-
nal trimpot is used to roughly set the regenera-
tion point for the receiver, leaving the front
panel control for fine adjustments over the
regeneration point. This trimpot is the only
alignment point in the receiver. Front panel
markings are silk-screened in white lettering
and markings over the black panel finish.

Final notes

It took about six days for my son, Tom, to
finish the kit. As [ expected, some time was

needed to instruct him on proper soldering
techniques, and to keep him from rushing
through what he thought were the easier areas
of the kit assembly. Some confusion arose over
where some of the mechanical parts would be
used. For instance, the antenna connector is
made up of two cone-shaped insulators and
screw hardware that provide for a long wire
antenna termination. It took some figuring on
his part to ascertain the purpose of some of the
items. Pictures and diagrams would have been
a plus in the manual to guide Tom over these
areas. At one point, the instructions require the
builder to prepare the ends of some RG-174
coaxial cable for soldering. The length of RG-
174 supplied with the kit had no RG markings,
so | had to step in and help. Otherwise, assem-
bly went without a hitch.

The final reward

When the kit was finally deemed finished by
dad the “Elmer.” the batteries were at last
installed and the internal regeneration trimpot
was adjusted per the directions in the manual.
My long wire antenna was connected, and
within several seconds my son had the sounds
of several shortwave broadcast stations filling
the room. Beaming with pride, he scanned the
bands—quickly learning what settings were
optimum for the RF gain and regeneration con-
trols. Tom soon mastered the techniques for
tuning in CW and SSB signals, when 1 pointed
out which bands were for amateur use. I don’t
think this is an experience he will ever forget—
building his first radio and hearing it work the
first time. Hopefully, this will be something he
can share with his own son. I hope I'm there to
see it! |

Philips ECG Expands Software Program
Philips ECG introduced an expanded version
of ECG Semiconductors INSTANT CROSS™
Floppy Disk Program, now cross-referencing
over 14,000 additional industry part numbers.
The entire database from the recently pub-
lished 16th Edition ECG Semiconductor
Master Replacement Guide (212R) is now
available in Version 2.0 of their INSTANT
CROSS Software for IBM PCs and compati-
bles. A helpful feature of the enlarged program
is the complete ECG Product Index file select-
ed from the Main menu. Entering an ECG part
number will display that number and following
numbers plus device description and case style.

PRODUCT INFORMATION

The Index file may also be scrolled or paged
up and down to view other ECG types.

The ECG software operates on IBM-PCs
and compatibles that have 640K of RAM, a
hard drive and 3 1/2 or 5 1/4 inch floppy disk
drive. The program versions that are available
will support 360K/1.2M and 720K/1.44M flop-
py disk drive; also supported are monochrome,
CGA, EGA and VGA monitors.

All ECG products and literature are avail-
able through authorized Philips ECG distribu-
tors. To locate the nearest distributor, consult
“Electronic Equipment & Supplies™ in the tele-
phone directory yellow pages, or call toll-free,
1-800-526-9354.
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» Communications in the Red Zone
Adrian Knott, GOKSN
Spring 1995, page 95
* Gilbert Cell Active Mixers
F. Dale Williams, K3PUR
Spring 1993, page 99
« Gravity Wave Communications
Jim Peterson, AA6OZ
Fall 1993, page 30
» High-Frequency Bypass Capacitors
Michael E. Gruchalla, P.E.
Fall 1993, page 45
» Instruments for Antenna Development and
Maintenance
Part 1: Voltage and Current Measurements
R.P. Haviland, W4MB
Spring 1995, page 77
» Instruments for Antenna Development and
Maintenance Part 2: Signal Generators
R.P. Haviland, W4MB
Summer 1995, page 95
» Multimedia Communications
Bryan Bergeron, NUIN
Winter 1994, page 13
« Orbital Analysis by Sleight of Hand
Dr. H. Paul Shuch, N6TX
Summer 1995, page 35
« Spread Spectrum Communications
Bryan Bergeron, NUIN
Fall 1993, page 71
* Storage Cell Technology
Bryan Bergeron, NUIN
Spring 1995, page 41
« Surface Acoustic Wave Technology
Bryan Bergeron, NUIN
Spring 1994, page 83
* The Cellular Connection
Tom McMullen, W1SL
Winter 1992, page 11
* The Excalibur DAP and the Digital Data
System
Rich Erlichman, ND4G
Summer 1993, page 43
Correction: Winter 1994, page 76

* The Global Positioning System (GPS)
Elliot D. Kaplan
Summer 1994, page 13
¢ The Power Inductor
John A. Cowan, W4ZPS
Winter 1991, page 42
* The Wonderful Transformer Power
Splitter
David M. Barton, AF6S
Summer 1991, page 66
¢ Using the NASA Advanced
Communications Technology Satellite
Paul Krueger, N1JDH
Fall 1992, page 13
* Wavelength Division Multiplexing
Dr. H. Paul Shuch, N6TX
Summer [993, page 39

Modems

* A 4800-Baud Modem Daughter Board for
Packet TNC
Glen Leinweber, VE3DNL, Max Pizzolato,
VE3DNM, John Vanden Berg, VE3DVYV, and
Jack Botner, VE3LNY
Spring 1991, page 62
* HF Modems for Data Transmission
Dr. Alan Chandler, Ph.D EE, K6RFK
Spring 1991, page 74
* The ZL Packet Radio Modem
Ron Badman, ZL1 Al and Tom Powell,
ZLITIA
Summer 1993, page 99

Packet

* A 4800-Baud Modem Daughter Board for
Packet TNC
Glenn Leinweber, VE3DNL, Max Pizzolato,
VE3DNM, John Vanden Berg, VE3DVV, and
Jack Botner, VE3LNY
Spring 1991, page 62
* The ZL Packet Radio Modem
Ron Badman, ZL1AI, and Tom Powell,
ZLITIA
Summer 1993, page 99
» Who’s Responsible? Automatically
Controlled Packet Radio Suffers a Setback.
(Editorial)
J. Craig Clark, Ir, NX1G
Spring 1991, page 4

Power Supplies
+ The Power Inductor

John A. Cowan, W4ZPS
Winter 1991, page 42



Propagation and Mefeorological
Events

* A Most Unique Solar Event (Editorial)
J. Craig Clark, Jr., NX1G
Summer 1991, page 4
* Amateur Radio and Meteorology Go
Hand-in-Hand
Jim Bacon, G3YLA
Winter 1991, page 31
* Do Sunspots Ever End?
Aaron J. Fishman, KIBAF
Winter 1991, page 52
« Instruments for Weather Observation
Ron Ham
Winter 1991, page 38
* Long-Path Propagation: Part 1
Bob Brown, NM7M,
condensed by Ward Silver, NOAX
Fall 1992, page 34
* Long-Path Propagation: Part 2
Bob Brown, NM7M,
condensed by Ward Silver, NOAX
Winter 1993, page 28
* Outlining June’s Strong Solar Flare
Activity
Peter O. Taylor
Summer 1991, page 26
* Propagation Loss Between Randomly
Located Antennas at UHF
Andy Sharpe, W40AH
Winter 1992, page 94
» Propagation of Electromagnetic Waves
Axel Stark
Summer 1995, page 43
» Radio Propagation by Tropospheric
Scattering
Bob Atkins, KA1GT
Winter 1991, page 119
Correction: Spring 1991, page 6
» Recording Solar Flares Indirectly
Peter O. Taylor and Arthur J. Stokes, N§BN
Summer 1991, page 29
* The 1993 Perseids: A Meteor Storm?
Joseph L. Lynch. N6CL
Spring 1993, page 31
* The Case of the Invisible Meteor Storm
Joseph L. Lynch, N6CL
Fall 1993, page 42
* The Solar Spectrum: A Peek Into the Past
Peter O. Taylor
Spring 1995, page 81
* Whither the Weather (Editorial)
J. Craig Clark, Jr., NX1G
Winter 1991, page 4
* Working the Meteors (Editorial)
Terry Littlefield, KAISTC
Spring 1993, page 4

QRP

* Deluxe QRP Station
Jim Pepper, W6QIF
Winter 1994, page 25

Quarterly Computing

¢ Quarterly Computing: Building a PC
Toolkit

Brad Thompson, AA1IP

Summer 1995, page 91
¢ Quarterly Computing: Introducing a New
Column Exploring Computer Applications
to Amateur Radio

Brad Thompson. AA1IP

Fall 1994, page 95
¢ Quarterly Computing: Software for
Homebrewing Plus an Updated CD-ROM

Brad Thompson, AA1IP

Winter 1995, page 99
* Quarterly Computing: Take a Dip in the
Information River

Brad Thompson, AALIP

Spring 1995, page 99

Quarterly Devices

* Quarterly Devices: Build Dummy Loads
and Resistive RF Networks with these
Power-Film Resistors

Rick Littlefield, KIBQT

Summer 1995, page 73
¢ Quarterly Devices: Low-Power Audio
Amplifiers

Rick Littlefield. KIBQT

Spring 1992, page 85
* Quarterly Devices: Low-Power Audio
Amplifiers

Rick Littlefield, K1BQT

Spring 1992, page 85
* Quarterly Devices: New Devices for Loops
and Linears

Rick Littlefield, K1IBQT

Summer 1993, page 89
* Quarterly Devices: New Receiver Chips
from Analog Devices

Rick Littlefield, KIBQT

Fuall 1994, page 75
* Quarterly Devices: Pin Diodes

Rick Littlefield, K1BQT

Winter 1995, page 66
» Quarterly Devices: Radios Without Knobs

Rick Littlefield, K1BQT

Spring 1993, page 65
* Quarterly Devices: Solve RF Design
Problems with Elegant Simplicity Using
MMICs

Rick Littlefield, KIBQT

Fall 1992, page 87
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« Quarterly Devices: The Collins Mechanical
Filter—*“Back to the Future”
Rick Littlefield, KIBQT
Winter 1993, page 64
* Quarterly Devices: The Harris
Semiconductor HFA3600 Low-Noise
Amplifier/Mixer
Rick Littlefield, KIBQT
Spring 1994, page 94
¢ Quarterly Devices: The MC13135
Rick Littlefield, K1BQT
Winter 1992, page 66
* Quarterly Devices: The Motorola
MC13175/6 UHF FM/AM Transmitter
Rick Littlefield, K1BQT
Fall 1993, page 67
¢ Quarterly Devices: The NE577 Compandor
Rick Littlefield, K1BQT
Winter 1994, page 77
Technical Conversations: W6DJ, Spring
1995, page 8
* Quarterly Devices: The Secrets of “High-
Tech Scrounging”
Rick Littlefield, KIBQT
Spring 1995, page 37
* Quarterly Devices: To the Vector Go the
Coils
Rick Littlefield, KIBQT
Summer 1992, page 38

Receivers

* A Gyrator Tuned VLF Receiver

Arthur J. Stokes, Sr., NSBN

Spring 1994, page 24
* A VLF-LF Receiver

Lloyd Butler, VKSBR

Winter 1991, page 58
* G3SBI’s H-Mode Receiver

Pat Hawker, G3VA

Fall 1994, page 81

Technical Conversations: W7SX, Spring 1995
* HF Receiver Design

Jon A. Dyer, B.A., G40OBU, VEIJAD

Summer 1992, page 81

Letters: AG4R, Winter 1993, page 6
 High Dynamic Range Receiver

Jacob Makhinson. NONWP

Fall 1990, page 69

Correction: Spring 1991, page 6
 Improving Receiver Performance in
Modern Transceivers

Cornell Drentea, WB3J1ZO

Fall 1991, page 79

Technical Conversations: N7RT, Fall 1992,

pages 80-82

Technical Conversations: WB3JZO. Fall

1992, page 82
* Quarterly Devices: New Receiver Chips
from Analog Devices

Rick Littlefield, K1BQT

Fall 1994, page 75

¢ Quarterly Devices: The MC13135
Rick Littlefield, KIBQT
Winter 1992, page 66
* Radio Receivers of the Past
Joseph J. Carr, K4IPV
Spring 92, page 93
Letters: WSVEL, Summer 1992, page 8
Letters: KI1ZJH, Summer 1992, page 8
Letters: WONU, Winter 1993, page 6
Letters: VK3IMO, Spring 1993, page 6
* Receiver Performance
Jon A. Dyer, B.A., G4AOBU/VE1JAD
Summer 1993, page 73
Correction: Winter 1994, page 76
 Simple Very Low Frequency (VLF)
Receivers
Joseph J. Carr, K4IPV
Winter 1994, page 69
« Solid State 75S5-3 Receiver
Jim Larson, KF7TM
Spring 1991, page 37
* Super Regeneration
Charles Kitchin, NITEV
Fall 1994, page 27
* The Drake R-8 Receiver
Scott Prather, KB9Y
Fall 1992, page 92
¢ The Elusive Numbers Relating to Receiver
Performance
Robert E. Bloom, W6YUY
Summer 1992, page 98
« The Solar Spectrum: A Portable VLF
Receiver and Loop Antenna System
Peter O. Taylor
Summer 1995, page 67
* The Solar Spectrum: Update on the VLF
Receiver
Peter O. Taylor
Spring 1993, page 51
« The Watkins Johnson HF-1000
Scott D. Prather, KB9Y
Spring 1995, page 16

Reviews

* Observing the Sun
Reviewed by: Joseph L. Lynch, N6CL
Fall 1992, page 84
*» Quarterly Review: Quantics WIGR DSP 3
—Affordable Technology fights QRM!
Reviewed by: Peter Bertini, K1ZJH
Summer 1995, page 85
» Radio Frequency Transistors: Principles
and Practical Applications
Reviewed by: Rick Littlefield, KIBQT
Spring 1993, page 37
* The Drake R-8 Receiver
Reviewed by: Scott Prather, K9BY
Fall 1992, page 92



* The New Shortwave Propagation
Handbook
Reviewed by: Nancy Barry, Assistant Editor
Summer 1995, page 79
* The Watkins-Johnson HF-1000
Reviewed by: Scott Prather, K9BY
Summer 1995, page 16

RFI

* Diagnosing RFI Problems in Vehicles
Irv Karwick
Spring 1992, page 25

* Telephone Susceptibility to RFI
Mary Gonsior, WOFR
Fall 1990, page 95

Technical Conversations

* ‘A New Method for Measuring Cable Loss”
Letter from Jack L. Schulz, W2GGE
Fall 1994, page 6
Letter from S.F. Brown, G4LU
Fall 1994, page 6
Spring 1995, page 6
* “A Simple and Accurate Admittance Noise
Bridge”
Letter from Forrest Gehrke, K2BT
Winter 1993, page 92
* “A Single Coil Z-Match Antenna Coupler”
Letter from Darrell D, McKibbin, K6UPZ
Spring 1995, page 6
* “Build Your Own Direct Reading
Capacitance Meter”
Letter from Richard E. Franklin, W2EUF
Spring 1994, page 73
* “Building the Perfect Noise Bridge”
Letter from Albert W. Weller, WD8KBW
Summer 1993, page 70
* “Dear Coke,”
Letter from David Barton, AF6S
Winter 1995, page 51
* “Designing the Long-wire Antenna
System”
Letter F.P. Hughes, VE3DBQ
Winter 1995, page 51
* “G3SBI’'s H-Mode Receiver Design”
Robert J. Zavrel, W7SX
Spring 1995, page 8
* “Help Me!”
Letter from Michael Hatzakis Jr., WB2TBQ
Winter 1995, page 54
* “How to Design Shunt-Feed Systems for
Grounded Vertical Radiators”
Letter from John S. Belrose, VE2CV
Spring 1994, page 74
* “How Short Can You Make a Loaded
Antenna”
Letter from Charles Michaels,W7XC
Winter 1993, page 93

* “Improving Receiver Performance in
Modern Transceivers”
Letters from Hardy Landskov, N7RT
Fall 1992, page 80
* “Improving Receiver Performance in
Modern Transceivers”
Letter from Cornell Drentea, WB3JZO
Fall 1992, page 82
* “Measurement of Velocity Factor on
Coaxial Cables and Other Lines”
Letter from David M. Barton. AF6S
Spring 1994, page 79
Letter from Coke Darden, W4DHA
Fall 1994, page 108
* “Polarity Dots”
Letter from Jerry Sevick, W2FMI
Fall 1993, page 6
Letter: KH6GI, Winter 1994, page 104
¢ “Quarterly Devices: Low Power Audio
Amplifiers”
Letter from George Dobbs, G3RIJV
Fall 1992, page 82
* “Quarterly Devices: The NE577
Compander”
Letter from Russell E. Souter, W6DJ
Spring 1995, pages 7 and 8
* “Small Loop Antennas: Part 17
Letter from Paul Jagnow, KORLT
Summer 1993, page 70
* “Small Loop Antennas: Part 2”
Letter from Brad Thompson, N1J1J
Winter 1994, page 6
* “The Hairpin Match: A Review”
Letter from L.B. Cebik, W4RNL
Winter 1995, page 51
* “The K1CCL Propagation Velocity
Method”
Letter from David Barton, AF6S
Spring 1994, page 79
Letter from David Barton, AF6S
Fall 1994, page 108
* “The Solar Spectrum: Update on the VLF
Receiver”
Letter from Peter Bertini, KI1ZJH
Summer 1993, page 71
* “The Wonderful World of Power Splitters”
Letter from Roy Lewallen, W7EL
Spring 1992, page 92
Letter from David Barton, AF6S
Spring 1992, pages 92 and 104
* “Transmitting Short Loop Antennas for
the HF Bands: Part 17
Letter from L.B. Cebik, W4RNL
Winter 1994, page 7
* “Upgrading the FT-ONE”
Letter from John Jan Jellema Ph.D, W8SWN
Spring 1992, page 104
Letter from Cornell Drentea, WB3JZO
Spring 1992, page 106
* “Using Transformers in Noise Bridges”
Letter from Mason Logan, K4MT
Fall 1993, page 6
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Tech Notes

* A 230-Volt Generator from Scrap
Ron Mathers, ZL2AX
Spring 1994, page 6
* A Featherweight 6-Meter Beam
Rick Littlefield, KIBQT
Summer 1995, page 5
* A Single Coil Z-Match Antenna Coupler
T.J. Seed, ZL3QQ
Winter 1994, page 99
Technical Conversations: KOUPZ, Spring
1995, page 6
* An Accessible Inductance Standard
F.P. Hughes, VE3DQB
Fall 1992, page 100
* An “Ultralight” Center-Fed Vertical
Antenna for 20 Meters
Rick Littlefield, KIBQT
Winter 1994, page 89
* Another Look at Logic Gates
Peter Bertini, K1ZJH
Fall 1992, page 102
* Beware of Dissimilar Metals
Richard Cortis, VK2XRC
Spring 1994, page 7
¢ Build Your Own Direct Reading
Capacitance Meter
Trevor King, ZL2AKW
Summer 1993, page 103
¢ Coaxial Cable Traps—In Search of the
Perfect Antenna
Paul Duff, VK2GUT
Winter 1995, page 83
» Communications in the Red Zone
Adrian Knott, G6KSN
Spring 1995, page 95
* Decoupling Capacitors—Why Use Two
When One Will Do?
From Pat Hawker’s Technical Topics
Fall 1993, page 93
* Design and Construction of Wire Yagi
Antennas
Floyd A. Koontz, WA2WVL
Winter 1994, page 96
* Determining True North Accurately
Without Instruments
D.R.W. Hutchinson
Winter 1995, page 87
* G3SBI’s H-Mode Receiver Design
Pat Hawker, G3VA
Fall 1994, page 81
Technical Conversations: W7SX, Spring
1995, page 6
« Get On the Air With a “Cheap” Collins
Rig
Jay Craswell, WBOVNE/AAVSTH
Summer 1995, page 100

¢ Measurement of Velocity Factor on
Coaxial Cables and Other Lines
Chet Smith, K1CCL, George Downs, WICT,
and George Wilson, W1OLP
Spring 1993, page 83
Correction: Summer 1993, page 106
* Measurements on Balanced Lines Using
the Noise Bridge and SWR Meter
Lloyd Butler, VKSBR
Winter 1993, page 97
* Pliers-Type RF Current Probe
From Pat Hawker’s Technical Topics
Fall 1993, page 91
* Practical Estimation of Electrically Small
Antenna Resistance
Bob Vernall, ZL2CA
Spring 1993, page 81
Correction: Summer 1993, page 106
» Simple APT Weather Satellites Interface
Robin Ramsey, ZL3TCM
Fall 1993, page 87
* The ZL Packet Radio Modem
Ron Badman, ZL1AI, and Tom Powell,
ZLITIA
Spring 1993, page 99
Triband Dipole
Gil Sones, VK3AUI
Winter 1995, page 83
* VHF/UHF Combiner for Mobile Use
Ian Keenan, VK3AYK
Winter 1995, page 86
* Yagi Gain versus Boom Length
David M. Barton, AF6S
Winter 1994, page 95

Test Equipment

* A Remote Reading RF Ammeter
John Osborne, GGHMO
Winter 1993, page 69
* A Simple and Accurate Admittance Bridge
Wilfred N. Caron
Summer 1992, page 44
* Build Your Own Direct Reading
Capacitance Meter
Trevor King, ZL2AKW
Summer 1993, page 103
¢ Building the Perfect Noise Bridge
A.E. Popodi, AA3K/OE2APM
Spring 1993, page 55
+ Instruments for Antenna Development and
Maintenance
Part 1: Voltage and Current Measurements
R.P. Haviland, W4MB
Spring 1995, page 77
« Instruments for Antenna Development and
Maintenance Part 2: Signal Generators
R.P. Haviland, W4MB
Summer 1995, page 95



* Interface Your Computer to the “Poor
Man’s Spectrum Analyzer”
Allen R. Wooten, WD4EUI
Fall 1990, page 55
* Loran-C Frequency Calibrator
Randy Evans, KJ6PO, and David Evans,
N6UEZ
Fall 1991, page 20
Correction: Spring 92, page 103
* The LC Tester
Bill Carver, K60LG
Winter 1993, page 19
Letters: WAINIL, Spring 1993, page 106
Letters: WAINIL, Winter 1994, page 106

Test Procedures and
Measurement Techniques

* An Accessible Inductance Standard

F.P. Hughes., VE3DQB

Fall 1992, page 100
* Measurement of Velocity Factor on
Coaxial Cables and Other Lines

Chet Smith, KICCL, George Downs, WICT,

and George Wilson, W1OLP

Spring 1993, page 83

Correction: Summer 1993, page 106
¢ Measurements on Balanced Lines Using
the Noise Bridge and SWR Meter

Llioyd Butler, VK5BR

Winter 1993, page 97
* Orbital Analysis by Sleight of Hand

Dr. H. Paul Shuch, N6TX

Summer 1995, page 35
* Transmitter IMD Measurements on
Utility-Grade Spectrum Analyzers

Peter J. Bertini, K1ZJH

Fall 1990, page 65
* TX IMD Performance and Measurement
Techniques

Marv Gonsior. W6FR

Summer 1991, page 61

The Final Transmission

« A New Place for an Old Art
Anne Prather, KASEHV
Spring 1993, page 105
* Bringing Amateur Radio into the
Computer Age
Howie Cahn, WB2CPU
Winter 1993, page 94
* FCC to Institute Rule Changes for Tower
Owners
Joe Fedele
Spring 1995, page 101
» Software—An American Industry at Risk?
Michael E. Gruchalla, P.E.
Winter 1992, page 99

The Solar Spectrum

* The Solar Spectrum

Peter O. Taylor

Fall 1991, page 86
 The Solar Spectrum

Peter O. Taylor

Winter 1992, page 46
« The Solar Spectrum: A Portable VLF
Receiver and Loop Antenna System

Peter O.Taylor

Spring 1995, page 67
¢ The Solar Spectrum: An Update

Peter O. Taylor

Winter 1995, page 102
* The Solar Spectrum: Another Index of
Solar Activity

Peter O.Taylor

Spring 1994, page 44
» The Solar Spectrum: Extended Periods of
Quiet Sun

Peter O. Taylor

Spring 1992, page 72
* The Solar Spectrum: Gamma Rays and
Solar Flares

Peter O. Taylor

Fall 1992, page 54
¢ The Solar Spectrum: New Organization
Helps Amateurs Obtain Eclipse Data

Peter O. Taylor

Fall 1994, page 53
« The Solar Spectrum: Sunspot Distribution

Peter O. Taylor

Winter 1993, page 80
* The Solar Spectrum: The Hayden System
for Recording Ionospheric Anomalies;
Predictions for Sunspot Cycle 22

Peter O. Taylor

Winter 1994, page 83
» The Solar Spectrum: The Realm of the Sun

Peter O. Taylor

Fall 1993, page 84
* The Solar Spectrum: Understanding the
Solar Wind

Peter O. Taylor

Summer 1992, page 101
+ The Solar Spectrum: Understanding the
Total Solar Irradiance

Peter O. Taylor

Summer 1993, page 49
 The Solar Spectrum: Update on the VLF
Receiver

Peter O. Taylor

Spring 1993, page 51

Transceivers
* A Low-Power 20-Meter Transceiver

Clint Bowman, WOGLW
Winter 1995, page 69
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» Improving Receiver Performance in
Modern Transceivers
Cornell Drentea, WB3JZO
Fall 1991, page 79
Letter: G3RZP, Winter 1992, page 6
» Improving the Drake TR-7
Scott Prather, K9BY
Summer 1992, page 19
« Upgrading the FT-ONE Transceiver
Cornell Drentea, WB3JZO
Summer 1991, page 48
Letter: WASMCQ, Winter 1992, page 6

Transmitters

* A 1.8 to 30-MHz 100-Watt SSB
Transmitter

Wayne Ryder, Wo6URH

Fall 1994, page 57

VHF /UHF

« 432-MHz EME, 1990s Style: Part 1
Steve Powlishen, K1FO
Fall 1990, page 29
* 432.MHz EME, 1990s Style: Part 2
Steve Powlishen, K1FO
Fall 1991, page 33
* Propagation Losses Between Randomly
Located Antennas at UHF
Andy Sharpe, W40AH
Winter 1992, page 94
» Radio Propagation by Tropospheric
Scattering
Bob Atkins, KAIGT
Winter 1991, page 119
Correction: Spring 1991, page 6
» Seamless Communications (Editorial)
Peter Bertini, KI1ZJH
Fall 1993, page 4
« UHF Voltage Variable Phase Shifter
Mark McWhorter
Winter 1992, page 50
* VHF/UHF Combiner for Mobile Use
Ian Keenan, VK3SYK
Winter 1995, page 86

Virtual Equipment

« A Virtual Leap Into the Future (Editorial)
Terry Littlefield, KA1STC
Winter 1994, page 4

+ Bringing Amateur Radio Into the
Computer Age
Howie Cahn, WB2CPU
Winter 1995, page 94
* Connecting Computers to Radios:
A PC Interface for the Ramsey 2-Meter
Transceiver
Howie Cahn, WB2CPU
Fall 1993, page 13
« Connecting Computers to Radios: Adding
DDS Frequency Control
Howie Cahn, WB2CPU
Winter 1995, page 9
* Microcomputer-Based Instrumentation
Systems
Bryan Bergeron, NUIN
Winter 1992, page 36
* Quarterly Devices: Radios Without Knobs
Rick Littlefield, K1BQT
Spring 1993, page 65

VLF Operation

¢ A VLF-LF Receiver
Lloyd Butler, VK5BR
Winter 1991, page 58
* Recording Solar Flares Indirectly
Peter O. Taylor, and
Arthur J. Stokes, N§BN
Summer 1991, page 29
« Simple Very Low Frequency (VLF)
Receivers
Joseph J. Carr, K4IPV
Winter 1994, page 69
« Super Narrowband Techniques Equalize
Power Inequity on 1750 Meters
Max Carter
Fall 1990, page 99
Editor’s Note: Winter 1991, page 127
* The Solar Spectrum: A Portable VLF
Receiver and Loop Antenna System
Peter O. Taylor
Spring 1995, page 67
+ The Solar Spectrum: Update on the VLF
Receiver
Peter O. Taylor
Spring 1993, page 51
* VLF-LF and the Loop Aerial
Lloyd Butler, VK5BR
Spring 1991, page 54



ASTRON

9 Autry
Irvine, CA 92718

CORPORATION (714) 458-7277 = FAX (714) 458-0826

ASTRON POWER SUPPLIES

© HEAVY DUTY  HIGH QUALITY » RUGGED « RELIABLE

PERFORMANCE SPECIFICATIONS

= INPUT VOLTAGE: 105-125 VAC
» QUTPUT VOLTAGE: 13.8 VDC * 0.05 volts

(Internally Adjustable: 11-15 VDC)
* RIPPLE Less than Smv peak to peak (full load &

SPECIAL FEATURES

* SOLID STATE ELECTRONICALLY REGULATED

* FOLD-BACK CURRENT LIMITING Protects Power Supply
from excessive current & continuous shorted output

* CROWBAR OVER VOLTAGE PROTECTION on all Models

excepl AS-3A. AS-4A. RS-5A. AS-4L. RS-5L

MAINTAIN REGULATION & LOW RIPPLE at low line input

Voltage

HEAVY DUTY HEAT SINK = CHASSIS MOUNT FUSE

THREE CONDUCTOR POWER CORD except for RS-3A

ONE YEAR WARRANTY = MADE IN US.A.

low line)

= All units available in 220 VAC input voltage
{except for SL-11A)

LOW PROFILE POWER SUPPLY

SL SERIE '
S Colors Continuous ICS* Size [IIIJ Shuﬂain
MODEL Gray Black Duty [Amps) [Amps) HxWx Wi [lbs.
SL-11A . . 7 1 2% = 7% = 9% 12
SL-11R . . 7 1 Bhx7 x9% 12
SL-118 . . 7 1 2% = 7% = 9% 12
SL-11R-RA . 7 1 =7 =% 13
RS-L SERIES * POWER SUPPLIES WITH BUILT IN CIGARETTE LIGHTER RECEPTACLE
Continuous IC8* Size IINI| Ship, lnq
MODEL Duly (Amps)  (Amps W W bs
RS-4L 3 4 3% x 6% = T 6
RS-5L 4 5 3% = 6% = 7% 7
* 19" RACK MOUNT POWER SUPPLIES
RM SERIES Continuous Ics* Size (IN) Shippin
_ MODEL Ouly (Amps)  (Amps) Hx WD Wi los ]
ry RM-12A 9 12 5% x 19 x 8% 16
RM-35A 25 35 5% x 19 x 12% 38
RM-50A 37 50 5% x 19 x 12'% 50
RM-60A 50 55 7x19x 12% 60
* Separate Volt and Amp Meters
RM-12M 9 12 5% x 19 x 8% 16
RM-35M 25 35 5% x 19 x 12'% 38
RM-50M 37 50 5% x 19 x 12 50
MODEL RM-35M RM-60M 50 55 7 x 19 x 12% 60
Colors Continuons 105" Size [IN] Shipping
RS-A SERIES MODEL Gray  Black Daty (Amps) (Amps] HxWxD W (1bs.)
RS-3A . 25 3 I X 4% X 5% 4
RS-4A . . 3 4 3% x 6% %9 5
RS-5A . 4 5 3% x 6% X T% 7
RS-7A B . 5 7 3% x6%x9 9
RS-7B . . 5 i 4% 7% x 10% 10
RS-10A . . 75 10 4% 7% x 10% 1
RS-12A . . 9 12 4% xBx9 13
RS-12B . 9 12 4 7% x 10% 13
RS-20A . . 16 20 5x9x10% 18
RS-35A . . 25 35 S5x11x1 27
- . 3
wooeLRs7a | B . 7 R Sxmy, 8
Continuous ICS* Size [IN) Shipping
RS-M SERIES MODEL Duty (Amps) (Amps) HxWxD Wt (18]
r— * Switchable volt and Amp meter
1 RS-12M 9 12 4% xBx9 13
= Separate volt and Amp meters
RS-20M 16 20 5x9x10% 18
RS-35M 25 35 Sx11x1 27
RS-50M 37 50 6% 13% x 11
MODEL RS-35M RS-70M 57 70 6 x 13% x 12% :g
i L « Separate Volt and Amp Meters » Output Voltage adjustable from 2-15 voits » Current limit adjustable from 1.5 amps
VS-M AND VRM-M SERIES g e
p2T Conlinuous Ics* Size (IN) Shipping
MODEL Duty (Amps) [Amps) HxWxD Wi, [Ibs.)
@13.8VDC @10VDC @5VDC @13.8V
VS-12M 9 5 2 12 4% xBx9 13
VS-20M 16 9 4 20 5x9x 10% 20
VS-35M 25 15 7 35 5x11x11 29
VS-50M k1) 22 10 50 6x13% x 11 46
# Variable rack mount power supplies
VAM-35M 25 15 7 35 5% x 19 x 12% 38
MODEL VS-35M VRM-50M w 22 10 50 5% x 19 x 12% 50
L
HS'S SEHIES Built in speaker Colors Continuous IC8* Size (IN) Shipping
MODEL Gray Black Duty (Amps) Amps HxWxD WL, (lbs.)
RS-7S . . 5 7 4% 7% x 10% 10
RS-10S . . 15 10 4% T x 10% 12
RS-12S . . g 12 4% xBx9 13
RS-205 * . 16 20 5x9x10% 18
MODEL RS-12S SL-11S . . 7 1 2% x T% x 9% 12

*ICS—Inmermittent Communication Service (50% Duty Cycle 5min. on 5 min, off)




102

Fall 1995

_TECHNICAL CONVERSATIONS____

(from page 5)

point I nearly gave up. However, after making
some make impedance measurements on the
basic double-toroid model I was able to con-
struct an appropriate matching network that
overcame the matching problem. Once this was
done, the antenna performed quite well for such
a small device.

I continued work on this antenna (the Mk2
and 3) after the validation work was done and
the results were published the following
August; [ have included a copy for your infor-
mation. However, Reference 5 in the article
published in Communications Quarterly gives
the impression that the method of validation
was unsound because it was performed in a

Go Figure . . .

Figures and photos presented a bit of a prob-
lem in our last issue. Please note the following
changes:

In Chip Cohen’s (N1IR) article “Fractal
Antennas: Part 17 in our summer 1995 issue,
readers should note that Figure 12 is Photo A.
and Figure 13 is Photo B. Thus, for Figure 4
in the text, see Figure 12, and so on for all later
figures. All captions are correct save for Figure
5, which should read: A von Koch fractal for
tterations 0, 1, and 2. Readers should also note
that aspects of this research are patent pending.

Photo A on page 99 of Rick Littlefield’s
(K1BQT) “Tech Notes™ piece “A
Featherweight 6-meter Beam” (Summer 1995)
showed a single featherweight Yagi rather than
a stacked array. Somehow the wrong photo got
into the works. Sorry Rick!

Brad Thompson’s (AA1IP) “Quarterly
Computing: Building a PC Toolkit” was also a

CORRECTIONS

short timescale. It also says that “the imped-
ance of the antenna system was very much bet-
ter than implied.” I didn’t imply anything; 1
measured it and stated it as you can see.

I also enclose a copy of a book that gives
details of the test equipment used (page 3.9) to
measure the antenna impedance. The measure-
ment was made via a half-wave length of coax
with a ferrite choke to reduce antenna currents
on the feeder.

A copy of the James Curum European patent
on the toroid antenna in the RSGB library
shows that it was filed on the 9th of July, 1981.

Peter Dodd, G3LDO
Technical Editor, Radcom

victim of the artwork imp. The captions for
Figures 1 and 2 of his summer 1995 article were
switched. To view everything in the correct per-
spective, simply read the caption for Figure 2
when looking at Figure 1, and vice versa.

Call Me!

Dave Hershberger, WOGR, “A Few Words
About DSP,” Summer 1995, send along his
new e-mail address and phone/fax number.
Dave writes:

I just got my summer CommQuart, and just
as it hit the mailboxes, my internet e-mail
address changed! What was published with my
article was “dlh@gvgdsd.gvg.tek.com.” People
sending e-mail to that address will have their
mail bounced back to them. Here is my NEW
e-mail address:

w9gr@psyber.com

I also have a new phone line and fax
machine. My new daytime phone/fax is 916-
265-6438. |



Antenna Software
by W7EL

EZNEC ("Easy-NEC") captures the power ol the
NEC-2 calculating engine while offering the same
friendly, easy-lo-use operation that made ELNEC
tamous. EZNEC lets you analyze nearly any kind of
antenna - including quads, long Yagis, and anten-
nas within inches of the ground - in its actual operat-
ing environment. Press a key and see its pattern
Another, its gain, beamwidth, and front/back ratio
See the SWR, feedpoint impedance, a 3-D view of the
antenna, and much, much more. With 500 segment
capability, you can model extramely complex anten-
nas and their surroundings. Includes true current
source and transmission line models. Requires
80386 or higher with coprocessor, 486DX, or
Pentium; 2Mb available extended RAM; and
EGANGA/SVGA graphics.

ELNEC is a MININEC-based program with nearly all
the teatures of EZNEC excep! transmission line
models, and a limitation of about 127 segments (6-8
total wavelengths of wire). Not recommended for
quads, long Yagis, or antennas with horizontal wires
lower than 0.2 wavelength; excellent results with
other types. Runs on any PC-compatible with 640k
AAM, CGA/EGA/VGA/Hercules graphics. Specity
COPrOCasSor Of NON-COPIOCessor lype

Both programs support Epson-compatible dot-matrix,
and HP-compatible laser and ink jet pnnters

Prices - U.S. & Canada-EZNEC $89, ELNEC $49,
postpaid

Other countries, add $3. VISA AND MASTERCARD
ACCEPTED

Roy Lewallen, W7EL
P.O. Box 6658, Beaverton, OR 97007

" plote pants Ust for HF ampiifiors descnbed in
a Application Notes and Enginsering

= AF Power Transistors

* Broadband HF Transformers
= Chip Capa - Kemat/ATC

+ Metalcind Mica Caps - Unalco/Samen
* ARCO/MSPRAGUE Tnmmer Ca
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K1 od and Te 1§148 95
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ANTTYH (20W)
ut 2 Meter Amplifiers (144-148 MHz)

ANTTO (20W) Pl ATV Down Converters

AN 762 néwh (Kit or Wired and Tested) (Kt or Wired and Tesied)

pheis (140W) A5W - Model 335A, $79.95/5100.95 S e
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Spocity A, 150, 200, 400, BOM or 160M
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For detailed information and prices, call or write for a our free catalog!
ADDITIONAL ITEMS

Add $4 .50 o and handling
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oncepts Inc.
' 508 Millstone Drive * Beavercreek, Ohio  45434-5840
Phone:{513) 426-8600 = FAX (513) 429-1K11

ELENCO « HITACHI « B&K PRODUCTS
GUARANTEED LOWEST PRICES

AFFORDABLE - HIGH QUALITY
2 YEAR WARRANTY

STANDARD SERIES
5-1325 25MHz §325
5-1340 40MHz 5495

S-1385 A0MHz 5849
Features

ELENCO OSCILLOSCOPES

P A —

DELUXE SERIES
5-1330 25MHz $449
5-1345 40MHz $575
5-1360 40MHz $775
Features:

V-212 - 20MHz Dual Trace _

V-525 - SOMMz, Gursors __ ;

V.523 - S0MHz. Delayed Swoesp
V522 - SOMH2, DC Offset

V422 - 40MHz, DC Offsat _
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@ High Luminance §° CAT

W TV Sync

W Dolayed Swoep

2180 - BOMHz Dual Trace, Delayed Sweep,

B Dual ime base

Whether you order 1 part or
all 55,278... MOUSER stocks
and...ships same day!!

CALL...(800) 992-9943

for your
FREE
CATALOG

958 North Main St.
Mansfield, TX 76063

MOUSER

ELECTRONICS

Sales & Stocking Locations Nationwide
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Digital Multimeter Kit
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M.2681 (Assembled) $55.00

Frequency Counter
F1228
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FLUKE MULTIMETERS
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Mocsl TOH B89 05
Mool TTH  §148.00
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New Analog Devices ADG608 And ADG609
Multiplexers

Analog Devices, Inc. has introduced the
ADG608 and ADG609, the first 8-channel and
differential 4-channel multiplexers specified
for +3 V, +5 V, and +5 V power supplies.
These multiplexers offer a combination of less
than 30€2 resistance and less than 0.5 nA leak-
age current. Both multiplexers also offer:
power consumption ranges from as low as 0.1
pW with a single +3 V power supply to 1.5 pW
with dual supplies: state-of-the-art 16-lead
TSSOP packaging that meets the limitations of
the PCMCIA Release 1 standard specifica-
tions; and an ESD classification of greater than
5 kV and latchup-free operation to at least 100
mA. The multiplexers are available in 16-pin
DIP and TSSOP packages specified over the
—40° to +125°C range. Both devices cost $3.25
in 1,000 piece quantities.

For information about the ADG608 and
ADG609, contact Analog Devices, Inc., 181
Ballardvale Street, Wilmington, MA 01887; or
call 617-937-1428; or fax: 617-821-4273.

PRODUCT INFORMATION

2nd Edition of HPs The Electronic
Instrument Handbook In Second Printing

Hewlett-Packard Company announced that the
second edition of The Electronic Instru-ment
Handbook, which sold out after six months on
bookstore shelves, now is in its second printing.
This handbook was first published by McGraw
Hill in 1973, and has been updated to include the
latest technological advancements.

The 900-page book, edited by Clyde F.
Coombs, Jr., a retired HP manufacturing man-
ager, and written by HP engineers and scien-
tists and by engineering professors is a refer-
ence used by engineers, students and high-tech
writers. It covers everything from the basics of
electronic instruments to measurements to the
role of software in “virtual™ instruments.

The handbook is endorsed by the Electronics
Book Club and Electronic Engineers Book
Club. It is available at college and technical
bookstores and at some larger superstores for
$79.50. The Electronic Instrument Handbook
can also be ordered direct from McGraw Hill
by calling them at 1-800-722-4726,

To omemmsrs ues

OMMUNICATIONS ffﬂ\’;,ﬂ’{ }; Imr NS ||

UARTERLY

Send $8.00 Per Issue

When ordering back issues include the following |
information:Name, address, city, state & zip. I
Please make a list of the issues you're requesting.
When paying by credit card send the number along with the explrallon date.
Check, Money Order, Mastercard, VISA, Discover and AMEX accepted.

Complete your collection today.

1-800-853-9797
or Fax 1-516-681-2926

Communications Quarterly
76 North Broadway, Hicksville, NY 11801

ANTENNA
OPTIMIZERS

AO 6.5 aut ically i antenna d

for best gain, r.umem mpedmce SWR, .un:l
resorulﬂca AO optimizes any arrangement of wire
tubing. AO wuses an enhanced, comected
MININEC for improved accuracy and assembly
language for high speed. AD features 3-D radiation
ems, 3-D netry and wire-current displays,
D polar and rectangular plots with overays,
automatic wire segmentation, automatic frequency
sweep, skin-effect modeling, symbolic dimensions,
symbolic expressions, current sources, polarization

analysis, near-field analysis, and pop-up menus

NEC/Wires 2.0 accurately models true earth
losses, surface waves, and huge ammays with the
Numerical Electromagnetics Code. Model elevated
radials, Bew wire beams, giant quads, delta
loops, LPDAs, mnl noise, or entire antenna farms.

YO 6.5 automatically optimizes monoband Yagi
designs for muxlmum forward gain, best pattem
minimum SWR, and adequate impedance.
models stacked Yagis, dual driven nlements
tapered elements, mounting brackets, matchir m:g
networks, skin effect, ground reflection,
construction tolerances. YO optimizes Yagis with
up to 50 elements from HF to microwave. YO
uses assembly language and runs hundreds of
times faster than NEC or MININEC. YO is calibrat-
ed to NEC for high accuracy and has been exten-
sively validated against real antennas.

NEC/Yagis 2.5 provides reference-accuracy
Yagi analysis and easy modeling of amays of
Yagis. Use NEC/Yagis to model large EME arrays.

TA 1.0 plots elevation pattems for HF antennas
over irregular terrain. TA accounts for hills, valleys,
slopes, diffraction, shadowing, focussing, com-
pound ground reflection, and finite ground con-
stants. Use TA o mlfimére antenna height and
siting for your partici -

E m. $60; three, $120; five, $200.
386 + 387 and VGA required. Visa, MasterCard,
Discover, check, cash, or MO. Add $5 overseas.

Brian Beezley, K6STI - 3532 Linda Vista
San Marcos, CA 92069 - (619) 599-4962




REPEATER AND LINKING CONTROLLER
THAT RECORDS AND SPEAKS YOUR LANGUAGE

i - g

RLC-5 Repeater and
Linking Controller

FEATURES:
» 2 Full Duplex radio ports
= Optional Autopatch available
« 35 Real Speech Recording Slots for |ID’'s and Announcements
* 100 user command macros
* 300-9600 baud RS-232 serial port
* 4 Layer high quality board construction

BENEFITS:

Add true personalily 1o your repeater system with the buill-in digital
voice recorder. Allows 75 seconds worth of messages, ID's, and club
announcements on your repealer. Supports 2 full duplex repeater/link ports
Make emergency autopatch calls with the autopatch option. Only the
RLC-5 can make these features available al such a low price

ONLY $414.95

Link Communications Inc.

115 2nd Ave. N.E., Sidney, MT 59270

Call for Information on our complete line of controllers
E-Mail: linkcomm @ ins.inlonet.net

{406) 482-7515 (Voice) (B00) 610-4085 (Orders)
(406) 482-7547 (Fax)

AMATEUR TELEVISION

GET THE ATV BUG "2~
New 10 Watt
Transceiver

Only $499

Made in USA
Value + Quality
from over 25years
in ATV.. WEORG
Snow free line of sight DX is 90 miles - assuming
14 dBd antennas at both ends. 10 Watts in this one
box may be all you need for local simplex or repeater
ATV. Use any home TV camera or camcorder by
plugging the composite video and audio into the front
phono jacks. Add 70cm antenna, coax, 13.8 Vdc @
3 Amps, TV set and you're on the air - it's that easy!

TC70-10 has adjustable >10 Watt p.e.p. with one xtal on
439.25, 434.0 or 426.25 MHz & properly matches RF
Concepts 4-110 or Mirage D1010N-ATV for 100 Watts.
Hot GaAsfet downconverter varicap tunes whole 420-450
MHz band to your TV ch3. 7.5x7.5x2.7" aluminum box,

Transmitters sold only to licensed amateurs, for legal purposes,
verified in the latest Callbook or send copy of new license.
Call or write now for our complete ATV catalog
including downconverters, transmitters, linear amps,
and antennas for the 400, 900 & 1200 MHz bands.

S 000

oo\ W .52

(818) 447-4565 m-t Bam-5:30pm pst. Visa, MC, COD
P.C. ELECTRONICS Tom (W6ORG)
2522 Paxson Lane Arcadia CA 91007  Maryann (WBEYSS)

310 Garfield St Suite 4

I OITOT1 Ry
Elecironics €ugene, Oregon 97402

- A b L 4 (V<

TxID-1

Transmitter FINGERPRINTING SysTEm

Our excusive TxID™ Software and the
patented technology of the TxID-1 IBMW
Compatible circuit board can help you
identify the abusers on your repeaterl

NEC-W]]] Basic for Windows™
$75.00!

CTCSS, DCS and DTMF decoding, as
well as Deviation measurements ond
Spectrum Occupancy features further
enhance the system.

Now Shipping
Version 2.0 Sofrware .

with automaric maich and compare! ’

TxID" TxPorter" )

Extennal Adapier for Mobile Operarion.
Connecrs the TxID 1o your Lapiop Compurer!

TxID-1 Fintg ilPrinting Sysiim 699.00 rius

TxPorter™ mobi Adaprin 249.00 sH

Call or write for more information. Ur contact
us via the Internet for a complete catalog.

motron.info@emerald.com
Info: (503) 687-2118 Fax: (503) 687-2492

First Integrated Antenna Design & Analysis Program
for Windows Under $100 Supporting NEC2

Features Include:

Intuitive Graphical User Interface
Powerful Azimuth and Elevation Plotting
Three-Dimensional Radiation Patterns
Automated VSWR, Beamwidth, I/B Ratio,
Input Impedance and Current Calculations

Paragon Technology, Inc.

200 Innovation Blvd. Suite 240 - State College, PA 16803

E-mail: NecWin@aol.com
(814) 234-3335 Fax: (814) 234-0228
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‘:&. VARI-NOTCH® DUPLEXERS
FOR 2 METERS

The TX RX Systems Inc. patented Vari-Notch filter
circuit, a pseudo-bandpass design, provides low
loss, high TX to RX, and between-channel isolation,
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High Performance, Precision Instrument
measures in relative and absolute units

y { N

excellent for amateur band applications. TX RX o _‘g
z : t S ) * Relative measurements from 10 kHz to the GHz
Systems Ir_m. has been manufacturmg r_nult:couplmg 7 . range and absolute measurements from 1 MHz to

systems since 1976. Other models available for S% 100 MHz. (Broad band with no tuning adjustment)
220 and 440 MHz, UHF ATV and 1.2 GHz. LRy » Adjustable length dipole antenna sels required
7] sensilivity (At high gain settings, ambient R.F
MODEL 28'37'02A g?_‘, fields from local sources will indicate on the display)
144-174 MHz N * Dipole antenna eliminates need for a counterpoise
92 dB ISOLATION AT 0.6 MHz SEPARATION ) (A single antenna type field strength meter utilizes
400 WATT POWER RATING g?‘-. the person holding the unit as the counterpoise)

19" RACK MOUNT ey « Consistent and repeatable readings can be obtained
Tx nx SYSTEMB INc o with the Nye Engineering unit since it is not neces-
N CEN sary for the observer to hold or be In close proximity

8625 INDUSTRIAL PARKWAY, ANGOLA, NY 14006 O

TELEPHONE 716-549-4700 FAX 716-549-4772 (24 HRS) N to the meler

« |deal for optimizing antennas and for checking the
radiated output from handheld transceivers

« The FS73C version of the product is an "S" meter
configured to be connected directly to a radio
receiver

EE p§$5 00 shipping

ke ELECTRON TUBES
OVER 300

i NYE ENGINEERING CO. INC.
ANT’QUE Also capacitors, transformers 4020 Galt Ocean Drive Suite #606
ELECTRON,C and parts fOl’ tUbe type Phone: :;-;::;;g;le%::: :33:3]359:37-3534
equipment.
SUPPLY Write or call for our
40 page catalog.

CALL

6221 S. Maple Ave, Tempe, AZ 85283
602-820-5411 FAX (602) 820-4643 or (800) 706-6789

1996 Equipment Buyer’s Guide

Dealers « Manufacturers » Product Specs

« Feature Articles » Equipment Prices * Connectors
e Adapters

Completely revised, the CQ 1996 Equipment Buyer's Guide is the definitive reference guide °

for Ham Radio. Since 1989, our guides have been the single source for information on what Cable Assemblies

equipment is available, features and functions, and, of course, where to buy it! And, this year's e Coaxial Cable

edition is no exception

You'll want to keep your Buyer's Guide handy for day-to-day reference Manufacturer Of Custom

The CQ 1996 Equipment Buyer's Guide—order your copy today! Electronic Wire And Cable.
7 T D e Low Minimums * Quick Delivery
YES *Sendme__ coples of CQ's 1996 Equipment Guide to Amateur Radio at $5.95 each

Name _ = = Calisign __ CALLUS AT

Address 1-800-522-2253

- - = OR FAX YOUR REQUIREMENTS TO

City = - State Zip 1-305-895-8178

Send only $5.95 each (plus $2.50 shipping & handling; $3.50 foreign)

Check (] MO Visa [] Mastercard (] AMEX Discover Call for your copy of our new 44-page

Cable & Connector Selection Guide
Card # — More than 2,500 commercial and QPL
Exp — cable and connector products in stock
Signature_____ . . I _ ~
Mall your order to: CQ Communications, Inc., 76 North Broadway, Hicksville, NY 11801, NEMAL ELECTRONK:S, INC.

FAX 516-681-2926 Also available through your local dealer! 12240 N.E. 14th AVE.. N. Ml‘”'. FL 33161

1-800-853-9797 (305) 899-0900




We carry more than 90 technical
books, software packages, and
instructional videos — all hand-
picked for engineers® needs in com-
muncations, circuit design, anten-
nas and transmission lines, digital
signal processing and EMC.

Call for our free catalog!

CRESTONE

ENGINEERING
e e T

Crestone Engineering
5910 S. University Blvd.
Bidg. C-18, #360
Littleton, Colorado 80121
Tel: 303-770-4709
Fax: 303-721-1021

VISA » Master Card » American Express

Keep up to date with our newest books!

RF Design Guide

by Peter Vizmuller

This brand-new “cook
book™ covers system
concepts, examples of
all major RF circuits,
measurement methods
and useful formulas.
Includes drawings, text
and equations on disk.
AH-8 $99.00

Introduction to Radio
Frequency Design

Iy Wes Havward

The ARRL has reprint
ed W7Z01's 1082 text
book, a practical guide
to the design of RF cir-
cuits. Includes disk with
programs for Liliers,
PLLs and amplifiers,

AR-7 $30.00

Introduction to
Telecommunications
Electronics

by A. Michael Noll
Need a book for non
engineers? This 1s 1t
starting with signals and
wiaves and conlinuing
on o components, mixl-
ulation and systems
AH-Y $3L00

fprices o mof 1

INTRODUCTION
10

L Telecommunication
Electronics

lonospheric Radio

by Kenneth Davies

I'his book covers HF
propagation effectively,
presenting both theory
and practical informa-
tion in a very under-
standable manner. Prize-
winning text by a top
researcher (3rd edition),

1E-4 $85.00 | e

lowospherte Radlo
Kownech Daves

Oscillator Design and
Computer Simulation
by Randall Rhea

I'he 2nd edition of the
#1 guide to oscillator
design, presented in a
comprehensive, unified
approach using differemt
resonator types and cir-
cuit configuritions.

NP-1 $64.00

OSCILLATOR DESIGN

AN
COMPUTER SIMULATION

HF Filter Design and
Computer Simulation
by Randall Rhea

For engineers who real-
ly build filters. using
LC, coaxial, helical,
dielectric resonators;
stripline and microstrip
Probably the best micro
strip filter book around Lk b
NP-2 $59.00 R

fiwde shipping )J

rlam Radio’s Bast
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z1llenears Are rlersl

We've developed our best calendar series
yet with CQ's new 1996 editions. You'll
refer to your CQ calendar time after time

as you search for the schedules of
upcoming ham events and conventions.

Public holidays anc able astronomical
information will be right by your side, too!

You'll actually receive 15 months of use
(January ‘96 through March '97). And with
each month you'll be treated to some of the

best photography in all of amateur radio.

Orcdar Toll Fras
300285829797

S o

Mail your order to:
CQ Communications, Inc.
76 North Broadway
Hicksville, NY 11801
phone (516) 681-2922
fax (516) 681-2926

76-77 ,

If you enjoy nostalgia, you'll love CQ's
1996 Radio Classics Calendar.
Each month you'll reminisce about
radio history with ¢ photogra-
phy of antique and old-time radios,
rare morse keys, crystals, and more.

Imagine professional color photographs
of some of the biggest stations in the
world. You'll see ¢ thing from views
down the boom 0 meter beam to
a station with over 12 towers! No ham
should be without CQ's 1996 Amateur
Radio Calendar.
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McCoy on Antennas The Quad
Antenna

Hams love antenna
books. Written by noted
author Bob Haviland,
W4MB., The Quad
Antenna is the authon-
tative technical book on
the design, construction,
characteristics and appli-
Building and Using Baluns and Ununs L I cations of quad antennas. Discover how to
Written by world-renowned expert Jerry Sevick, W2FMI, this [CRIEEREIRII easily build a quad antenna for your station
volume is the definitive source for his latest practical informa- NN ‘Si't:;': hj‘?vgoo“n:'"dﬁ::_n'gg';%?u:“;:féze
tion and designs on transmission line transformer theory. you Ordyer No. QUAD..... 315_9'5
W2FMI has unraveled the technological mysteries with designs

that are simple and work. Discover new applications for dipoles,
yagis, log periodics, beverages, antenna tuners, and countless :
other examples. Order No. BALUN.....$19.95 38

Lew McCoy ) ) 2
REWTINLCl CQ magazine author and acclaimed authority on antenna the-

ory and design, Lew McCoy, W1ICP, has written a truly unique
antenna book that's a must for every amateur. Unlike many
technical publications, Lew presents his invaluable information
in a casual, non-intimidating way. Lew McCoy on Antennas—
It's not just an antenna handbook, but a wealth of practical
antenna advice for the ham! Order No. MCCOY.....$15.95

The Packet Radio
Operator’s
Manual

| This book is written
by CQ columnist and

The NEW Shortwave Propagation Handbook

The NEW The most comprehensive source of information on HF Amateur Radio Packet
il gl propagation is available from CQ! We've built an award-win- authority Buck Rogers,
Handbook ning team, gathering information from individuals and organi- K4ABT. An excellent
zations around the world. Collectively, co-authors George ik onomiin ':‘!"gd:‘h‘:e""’;?f’;%?‘;‘ﬁ‘e:g
Jacobs, W3ASK, Ted Cohen, N4XX, ar_'ud Robert Rose, §ource. m.l?hether }',Du.,e an a%vanced Uger
K6GKU, have devoted much of their professional and amateur orjust starting out. Learn about packet radio
careers to advancing ionospheric science. Propagation princi- without all the technical jargon. This book
ples, sunspots, ionospheric predictions, photography, charts is the definitive resource for the active pack-

and tables galore—it's all in this unique reference volume! el user.
Order No. SWP....§19.95 Order No. PROM..... $15.95

CQ Buyer’s Guides

Dealers * Manufacturers * Product Specs ¢ Feature Articles * Equipment Prices

1995 Beginner’s Guide ] WU 1995 Equipment
to Amateur Radio el e Buyer's Guide
Whether you're a Novice, Technician or just Learn from the experts about the latest
il beginning to think about getting your license, features in HF/VHF gear, choosing the best
§ CQ's Beginner's Guide is the perfect addition antennas and reaching the top of amateur
licensing. Our 1996 Equipment Buyer's
on HF, DXing, building your first station, Guide s a package of solid information
QSLing, and more, you'll also find our famous - including the latest in amateur dealers and
dealer and manufacturer’s listings! s manufacturers. Discover why this year's

Order No. 95BBG....$5.95 edition is the best yet! Order No. 96EBG....55.95

CQ's Buyer's Guides are the single source for information on what equipment is available, features and functions, and where to buy it!

Now Available Direct From CQ

Title Order No. Price Title Order No. Price
ARRL Antenna BooK ...................ARRLAB ._..._.$30 ON4UN Antennas and Techniques
ARRL Handbook (1996 Ed. w/software) ... ARRLHB .......538 for Low Band DXing.................c.cooooror.. . LOWDX ........520
ARRL Operating Manual (New Edition).. ARRLOM ........522 1996 NA Callbook ............c..coocvrivvivierrsnrenenn . NACB ........$35
ARRL Repeater Directory ('95-'96)......... ARRLRD .........§7 1996 Int'l Callbook ... INTCB $35
ARRL Antenna Compendium Vol. 1...._ARRANT1 .....$10 1996 Callbook Pair ... NAICB ........ $65
ARRL Antenna Compendium Vol. 2.... . ARRANT2 ......$12 1996 Callbook on CD-ROM (New) .....................CBCD.........549
ARRL Antenna Compendium Vol. 3.... .ARRANT3 ... 514 Gordon West No-Code Technician
ARRL Antenna Compendium Vol. 4..... ARRANT4 ... ..$20 Plus LicenseManual.......................c.......... GWTM ........510
ARRL Weather Satellite Handbook............ ARSAT ... $20 Gordon West General
ARRL FCC Rule Book.....................c.c.........ARFCC ..........89 License Manual.......... senassnssmesississserain B VEAM B 10
ARRL World Map ............c.ccccoociicvviiccnne.. . ARMAP ... 812 Gordon West Extra License Manual.............GWEM .......510




VIDEO LIB

Keys, Keys, Keys
Enjoy nostalgia with this visual
celebration of amateur radio’s
favorite accessory written by
CQ's Dave Ingram, K4TWJ.

Order No. KEYS.....89.95

The VHF
“How-To” Book
This book is the perfect operat-
ing guide for the new and expe-
rienced VHF enthusiast as only
Joe Lynch, N6CL, can describe.
Order No. BVHF.....§15.95

Ham Radio Horizons:
The Book

This is an excellent book for the

beginner or for use in your club’s

licensing classes. HRH, by Peter

O'Dell, WB2D, is full of informa-

tion about all phases of ham

radio and how to get started.
Order No. BHOR.....§12.95

The Vertical
Antenna Handbook
Take advantage of the 20 years
of research and practical expe-
rience of naval communica-
tions engineer Capt. Paul H.
Lee, USN(ret), N6PL. Learn
basic theory, design, and prac-
tice of the vertical antenna.
Discover easy construction
projects such as a four-band
DX vertical or a broadband
array for B0 meters. Paul Lee

can get you started today!
Order No. VAH..... $9.95

Order Toll-Free 1-800-853-9797

Getting Started in Ham Radio
This is a fast-paced video introduction to the fascinating world of ham radio. CQ's experts show how to select
equipment and antennas; which bands to use; how to use repeater stations for improved VHF coverage; the
importance of grounding and the basics of soldering. Get the most out of your station, whether it's home-
based, mobile or hand-held. Order No. VHR .....§19.95

Getting Started in Packet Radio
This video will help de-mystify the exciting but sometimes confusing world of packet radio. Learn how to get
started using your computer on the radio. Included are step-by-step instructions on making packet contacts
and using packet bulletin boards, networks and satellites. Order No. VPAC.. $19.95

Getting Started in Contesting
For the newcomer to contesting or an experienced veteran, this video is for you! You'll get advice and operat-
ing tips from some of contesting's most successful competitors, including Ken Wolff, K1EA, Dick Newell, AK1A,
and CQ's own contest columnist, John Dorr, K1AR, Here's just a sample of what you'll see: what contesting's
all about, explaining contest jargon, tips for beginners, how to compete from a small station, operating secrets
from the “pros”, live QSOs from world-class stations, and VHF/UHF contesting. Order No. VCON .....$19.95

Getting Started in Amateur Satellites
Learn with this video how veteran operators set up their satellite stations. Find out how to locate and track ham
satellites with ease. Watch as operators access current satellites and contact far ranging countries around the

world. This video is filled with easy to understand advice and tips that can’t be found anywhere else.
Order No. VSAT..... $19.95

Getting Started in DXing
Top DXers share their experience with equipment, antennas, operating skills, and QSLing. You'll see hams
work rare DX around the world, If you're new to DXing, this video is for you! All this valuable information may

well give you the competitive edge you need to master the world of DXing.
Order No. VDX..... $19.95

Getting Started in VHF
This is the ideal introduction to VHF. See demonstrations of the latest radios. Also, learn about repeater
usage as well as the more exotic VHF operating modes. Whether you are interested in packet radio, satel-
lite operation, or simply using your local repeater, this is your video! Order No. VVHF....$19.95

Ham Radio Horizons: The Video
This introduction to Amateur Radio is an excellent complement to the Ham Radio Horizons book. Enjoy see-
ing all aspects of ham radio ranging from what it takes (and costs) to get started to how you can get your ham
license. HRH is ideal for public events, presentations to community groups and as an opening to your club’s
licensing courses! Order No. VHOR.....$19.95

! YES' | want to learn from the experts. Rush me my book(s), video(s), buyer's guide(s) right away!
. Please add $4 shipping & handling. FREE shipping & handling for orders $50 and over,
Please make your check or money order payable to: CQ Communications, Inc
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ORGANIZE AND PROTECT

YOUR COPIES OF

OMMUNICATIONS
UARTERLY

Now there's an easy way to organize and keep copies of your favorite
magazine readily available for future reference.

Designed exclusively for Communications Quarterly by Jesse Jones
Industries, these custom-made titled cases and binders provide the luxury
look that makes them attractive additions to your bookshelf, desk or any
location in your home or office.

Whether you choose cases or binders, you'll have a storage system
that's durable and well organized to help protect your valuable copies from
damage.

» Cases and binders designed * Title hot-stamped in gold.
to hold a year's issues « Free personalization foil for
(may vary with issue sizes). indexing year.

» Constructed of rei’ntorced » Binders have special spring
board, covered with durable mechanism to hold individual
green leather-like material. rods which easily snap in.

* Cases V-notched for easy This allows magazines to be
access. fully opened for easy readability.

- - O . O

Communications Quarterly Quantity Cases  Binders

Jesse Jones Industries, Dept. 95 MCJ One $ 895  $11.25

499 East Erie Avenue, Three $24.95  $31.85

Philadelphia, PA 19134 Six $45.95 $60.75

" Add $1.50 per case/binder for

Please send cases; binders postage and handling. Outside

USA $3.50 per case/binder. (U.S.

Enclosed is $ funds only)

[J Charge my: (Minimum $15)

[] American Express [] Visa

[1 MasterCard [1 Diners Club
Card #_ - Exp. Date
Signature — -
Print Name -
Address _ _

No P.O. Box Numbers Please

City/State/
Zip R =

PA Residents add 7% sales tax

Call TOLL FREE 7 days, 24 hours

1-800-825-6690

Introducing the Standard
in DC System Control,
Monitoring, and Safety

B

ANANDA POWER TECHNOLOGIES, INC
is the recognized Solar industry leader in the de
velopment of high quality, reliable DC control
monitoring, and overcurrent protection products

For your repeater site, residential or commercial
solar electric or generator system, RV, or for any
DC system need, we offer Class T fuse blocks
safety swilches, and fusible pullout disconnects
rated up 1o 400 amps at 125Vdc; battery state-ol
charge LED and digital monitors, and tully in-
tegrated balance of system control, monitoring
and overcurrent protection packages

For high voltage DC system applications we also
offer custom design and manulacturing services
For more information on our products and servic

es, please contact us for a free catalog,

20T
N
ANANDA POWER TECHNOLOGIES, INC

14618 Tyker Foote Road Nevada City, CA 95959
916292384 FAX 91629213330
E-mail; jetireypiiiapt | com NBUYS

* QUALITY » SERVICE

* PRICE
WE'VE GOT IT ALL!

Our Bandpass-Reject ¥ 1 v
Duplexers with our 4 :
patented B B,
Circuit” Filters
provide superior
performance. ..
especially at

close frequency
separation.

PHONE 817-848-4435
FAX 817-848-4209

PRODUCTS, INC

P.O. BOX 21145 » WACO, TX 76702




'MININEC Professional W2FMI BALUNS AND UNUNS

for Windows AMIDON. ne. TRANSFORMERS

HIGH POWER (2Kw - 10Kw) BALUN TO MATCH 50:2 COAXIAL TO:
PART NO. PRICE

by J. Rockway and J. Logan

An exrr:aordmary COﬂ?ﬂUlBr .pmgram for 1250 Balanced Direct Connect Yagl Beam 4:1-HBSO $49.95
the des"g” and ana!ysrs of wire antennas! S04 Balanced 1724 Dipole or Yagi Baam 1 1 HEBHS0 $49.95
- Fﬂ.SlBI" 7541  Balonced 1/24 Dipole at 0.22% above Ground 1.5:1-HB75 $69.95
; 10043 Balanced 1/24 Dipole at 0,224, 0.334 & Quad Loop  2;1-HB100 $69.95
* More Accurate 2000 Balanced Folded Dipole. Log Pariodic Beam 41 Hgngg :;g gg
] 2004} Balanced & Unbalanced Off Center Fed Antennas & 1-HB/U2 A
y Larger Pmblems' 2004 Balanced 10Kw Antenna Tuners & G5RV 4:1-HBHT200 $69.95
» Easier to use! Log Periodic Baam
30044 Balanced 30041 Ribbon Folded Dipole 6:1-HB300 $69.95
A QUANTUM LEAP f'Ol' MININECI 20041  Balanced & Unbalanced Off Canter Fad Antennas 6:1-HB/U300 $89.95
*Design Long Wires, Yagi's & Quads! 45011 Balanced Twin Load/Ladder Line 9:1-HBA50 5989 %
. : T 4 c & V-Beam Antenna 12:1-HBG00 199.95
*Visualize geometry & results in 3-D! O -l -
*Solve up to 1000 wires & 2000 currents r:#:;m . ".:,;E";;"N";J::; " ﬂm:ﬁ::" *dt Put MORE power into your
in minutes! (Depending on PC memory & speed.) 2:1-HDUSO 0220 $49.95 ANTENNA and get better and
F 2 Ra 50:25( . .
Features include: {connecting 500 conxis o junction of two 500 paraiiel coavi)  NIGh@r signal strength. Use
- Context sensitive help. 21 HOUI00 nzssa 9% W2FMI Baluns & Ununs by
SUHEQRTWHES, i, SIS, K ITMES: I a0 sess JERRY SEVICK.
*Translate, rotatg. & duplicate wires PRy i . ® 98% (Avg) Efficient -
*3-D geometry with rotate & zoom. 9:1.HUS0 50:5.5602 $49.95 (<0.2dB Loss)
=3-D current & pattern display. LASEHOU shama $49.95 ® 1Mhz to 50Mhz
: ) 5
*Charge distribution & near fields. 1.56:1-HDUKD 50:320 246,95 " Up to 10Kw

* Documentation & validation (2 Ratias) 50:18¢2 _ 8 Currsat & Voltage Type
-AND MUCH MORE| 1.78: 1 HMMUSD MULTIMATCH UNUN £69.95
BEV-US0 Beverage Ant. Unun £69 95 ALso AVNMB‘.E.'

ORDER TODAY from: 5001 :800(1, 61241, 4500

& EM Scientific, wc. el 1107, Powder and Ferrite Products
2533 N. Carsoun Stl’eet‘ Suite 2107 ConE'rinml with other matching transformers are invited Low Cost Experimental Kits
Carson City, NV 89706 TE o Uy Tanseoess avuas prease o E:all fur. our FREE tech. f."’?,'_‘_
TEL: (702) 888-9449 o enianks AMID = .
G p———
FAX: (702) 883-2384 - AMIDON, inc. 77" 89

E-MAIL: 76111.3171@compuserve.com «fr-u:roncomsmucrwammaear 3122 Alpine Ave, Santa Ana, California 92704
B TEL: (7114) 8504860 - FAX. (114) 850.1163
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PC Electronics........... 105 QRM; freedom from overload and precise filters. An all band, truly
PacComm.................. : ~112 portable (5.5"Wx4"Hx6"D) compact, rugged transceiver whose low
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You’ve been hearing about it for several years.... Now it is
available. PACTOR-IL.

The PTC-I1 is a new multi-mode controller and "communi-
cations platform" which contains very powerful and flexible
hardware and firmware.

It is being built in the United States by PacComm under
license from S.C.S., the group that developed both the
original PACTOR and PACTOR-IL.

The PTC-II offers the most robust HF digital protocol avail-
able to radio amateurs, but it should not be overlooked that
the PTC-II is configurable as a triple-port multimode con-
troller supporting packet data rates of 1200 and 9600 bps
and numerous other modes.

What is PACTOR-I1?

Like PACTOR-I, PACTOR-II is a communication system.
There s a unique protocol, carefully designed and optimized
for excellent HF performance, new and powerful modems
realized via Digital Signal Processing, and a hardware plat-
form to allow the firmware to realize its full operating
potential.

PACTOR-II is the name of the new protocol including
modulation specifications. PTC-II is the name of this spe-
cific hardware realization of the PACTOR-II architecture.

PACTOR-II offers all the following advantages:
¢ A step-synchronous ARQ protocol.

« Full support of memory ARQ.
= Independent of sideband; no mark/space convention.

« Center frequency adjustable between 400 and 2600 Hz
to exactly match your radio’s filters.

* Long-path capability for worldwide connectivity.

» Full compatibility with PACTOR-I (the original
PACTOR system), AMTOR, and RTTY.

» All-mode mailbox with up to 32 megabytes of storage.

m.m
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* Automatic switching between Level-1 (PACTOR-I)
and Level-2 (PACTOR-II) at contact initiation.

» (ccupies a bandwidth of under 500 Hz - use your 500
Hz CW filters.

* Constant bandwidth irrespective of actual transmission
speed.

« Differential Phase Shift Keying with two continuously
transmitted carriers. 100 symbols per second.

¢ DBPSK modulation yields 200 bps (uncompressed).
DQPSK modulation yields 400 bps (uncompressed).
8-DPSK modulation yields 600 bps (uncompressed).
16-DPSK modulation yields 800 bps (uncompressed).

* Powerful Forward Error Correction (FEC):

» High performance convolutional coding.
Constraint length of 9.

» Viterbi decoding using soft decision point.
Coding rate varies between 1/2 and 7/8.

* Intelligent data compression monitors compression
ratio and self-bypasses if not being effective.

» Huffmann compression for English or German text.
» Markov (2 level Huffmann) compression.
» Run-Length encoding for repeated sequences.

* 10 character MODE display, numerous multi-colored
LED tuning and status displays.

+ Waichdog timer on HF PTT port.

» Specialized communication program provided

« Firmware contained in Flash memory. Easy upgrade.
« Limited availability initially. $995.

* Packet modem add-in boards will be announced later.
Packet modems are optional at extra cost.

PacComm Packet Radio Systems, Inc.
4413 N. Hesperides Street, Tampa, FL 33614-7618 USA

Telephone: +813-874-2980

Facsimile: +813-872-8696

Internet: ptc@paccomm.com BBS: +813-874-3078 (V.34)
Orders/Catalog Requests: 800-486-7388 (24 hr. voice mail)



Compact HF Transceiver FT-QOOAT
A full-featured HF base station,

compact enough to go mobﬂe

Specifications

e Front Panel [
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Vox Dual Metering Display Built-in CW Keyer 10-Key Direct
> Exclusive! For | Exclusive! Exclusive! Frequency Entry
YH-77ST | Isimple hands-free  Shows power output, Use in semi-break-in or Exclusive!
transmit/receive ALC, SWR, signal full-break-in modes. For quick band/
control. strength. frequency accuracy.
Built with commercial-grade engineer- with a duct-flow cooling system that lets you
ing, and a heavy-duty die-cast aluminum key down longer. As a bonus, to round out

heat sink, like all Yaesu base stations — this
radio leads the competition in state-of-the-
art compact HF technology.

No other radio this small offers 10-key
direct frequency entry. Built-in antenna
tuney; dual metering in the display, built-in
CW keyer, VOX - and a heavy-duty heat sink

.‘.

Exclusive! Duct-Flow Cooling System
Int rth

“What a great HF!
Heavy-duty heat sink!
FT-1000 technology.
A serious performer.”

the feature-rich FT-900AT, Yaesu's exclusive
Omni-Glow™ display provides the best
viewing possible under any light condition.
Try to find all this on any real HF compact
enough to be a mobile. You can't!

Mobile HF has never been better,
because the FT-900AT is the first transceiver
with true HF technology developed as a base
performer and for simple mobile
use. Just snap off the FT-900AT front panel
control head and install it just about
anyplace in your car, truck or RV, Secure the
RF deck under a seat or in the trunk, out of
sight and away from critical automotive
electronics.

This isn't a cheaply-made, plastic toy!
This marvel of Yaesu engineering was built
to last. Forged to exacting standards with the

ormance, sensitivity, and selectivity that

made Yaesu famous for over 40 vears,

“Compact for mobile,
too. Snap-off front
panel mounts any-
where.

Built-in antenna tuner.
No extra tuner box to

the FT-900AT will provide you with trouble-

free performance whereever you travel!

See the new FT-900AT dual-purpose
radio at your dealer today. Find out why
Yaesu HF is the choice oftheworids
top DX'ers.

Choice of the World's top DX 'ers

© 1995 Yaesu USA, 17210 Edwards Road, Cerritos, CA 90703 (310) 404-2700
Specifications subject to change withoul notice. Specifications guaranteed only within amateur bands. Check with your local Yaesu dealer for specific details.



HF TREASURE

State-Of-The-Art IF-Stage DSP

Once again Kenwood defines the standard with
next generation DSP. Utilizing dual digital signal
processing chips, the TS-870S captures wave
forms at the IF stage (including AGC circuit) in
realtime to provide unmatched clarity, noise
reduction and control over inbound or outbound
signals. The DSP chips deliver a dynamic range of
144dB, enabling you to detect previously unheard
signals and customize the filtering system
through the menu
interface. No other
transceiver on the
market gives you this
much power and
flexibility.

Digital Filters

Applying complex algorithms at the IF stage allows
you to attain filtering that is unattainable with
conventional analog circuits. For instance, you can
shape the filter sharp enough to obtain over 100dB
out of pass band attenuation with virtually no
signal loss. Through the menu-driven interface on
the front panel, you can apply standard

KENWOOD

POWER
% ATT
ANY DOWN us

FULL/BEMI  ip

Other Features

# Beat cancel B Variable AGC 8 Selectable voice equalizer
(SSB & AM) Bl Speech processor i Selectable transmit
equalizer 8 100 watts output on SSB, CW, FSK; 25 watts
on AM 8100 kHz - 30 MHz general coverage receiver

1 Built-in automatic antenna tuner (TX & RX) 8 Dual VFO
with 100 channel memories plus 5 channel quick
memory B Full band scan, programmable band scan,

KENWOOD

filters or customize and store them for rapid and
convenient access.
And because it's all
digital, there is no
additional cost of
optional filters!

Two Noise Reduction Methods

Choose from 2 methods of noise reduction: Line
Enhancer Method (LEM) or Speech Processing/
Auto Correlation (SPAC). LEM allows you to
custom-shape a filter curve around a target signal,
essentially ‘carving’ it out of the background noise
— a powerful tool in SSB operation. For tough CW
conditions use the SPAC function, which employs
a statistical correlation algorithm to pull weak
signals out of the background.

57.6 Kbps Computer Control

High speed computer control is available through
a built-in RS-232C port and supplied Windows®-
compatable software called RCP (Radio Control
Program). This enables access to most functions
of the TS-870S including on/off, frequencies,
bands, modes and more. It's also possible to
“create” a customized screen radio, based on an
original design or the included templates.

IF Digital Auto-Notch

Another benefit of IF-stage DSP is the ability to
detect and eliminate broadcast carrier and
continuous beat signals far more effectively than
analog systems. It automatically tracks beat signal
changes so you can 'set it and forget it’

CURN - IS

o2 @wsvio

group scan, memory scan with memory channel lock-out

# Built-in tone encoder | High-quality 60-second digital
recording unit option (DRU-3) B Voice Synthesizer unit
opton (VS-2) 8 Modifiable for MARS/CAP*

vty moguired Bor MARS and CAP e Specificafions guisranksed or Amatos tinds only

L i advanement in desstoprent
For Ihis reason, specifications r| wy be changed without nobica

95ARD-1303

Built-In K1 LogiKey Keyer

Sophisticated CW operation is possible with the
built-in K1 LogiKey electronic keyer with full or
semi break-in, DSP-adjustable rise/fall times, and
side tone monitor. A second keyer may also be
connected to the TS-870S

Easy-Access Menu System

Control all of the rig's
functions through the menu-
driven user interface on the
front panel. It also incorpo-
rates a Quick Menu feature
for rapid access to your most
commonly used functions

Dual Antenna and
RX Out

Switch between 2 separate

_ antenna systems from the
front panel, plus attach
an external receiver to the
TS-870S for maximum
antenna utilization.

TS-870S

HF TRANSCEIVER

sl R

ISO m Meets 1SO Mnnul.munm,
Quality Standards

KENWOOD COMMUNICATIONS CORPORATION

AMATEUR RADIO PRODUCTS GROUP

P.O. Box 22745, 2201 E. Dominguez St., Long Beach, California 50801-5745

Customer suppori/Brochures (310) 639-5300

Repair Locations/Parts (800) KENWOOD Bulletin Board Service (BBS) (310) 761-8284

INTERNET hitp://www. kenwood.net

KENWOOD ELECTRONICS CANADA INC.
BOT0 Kastrel Road, Mississauga, Ontario, Canada L5T 158
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