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In 2 time when transceivers
are a dime a dozen,

ours costs an arm and a leg.

The signal/one CX7A will set you
back $2,195 — but set you way ahead
in amateur radio operation.

That's because the CX7A has just
about every feature you can think of.
Including the most sensitive receiver
made, the most “talk-powered”

300 watts of power you ever heard, and
much more. Like an extra receiver,

an RF clipper, a built-in power supply
and an electronic keyer.

Suddenly, $2,195 sounds more like
a bargain than a bundle. Because
you're getting, in effect. a room full
of gear in one compact desk-top unit.
A unit that features the industry’s
highest quality control standards, the

finest components obtainable, the
most features, the best performance . . .
we could go on.

Better yet, you go on over to your
signal/one dealer and see the rig
for yourself. Or write us for a detailed
brochure. Once you see the CX7A,
you'll be willing to give up an arm and
a leg for it. Or at least $2,195.

D S5/ ore

a subsichary of

COMPUTER MEASUREMENTS, INC.
1645 West 135th Street

Gardena, Ca. 90249 (213) 532-9752
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6 & 2 METER MOBILE

$

HF-62 HF-2

Heavy duty, precision fit, four
section telescopic antenna tunable
separately for combined six and
two meter operation. Extends to
44", Collapses to 22"

Model HF-2: Antenna supplied
with 33~-24 base to fit any stand-
ard antenna mount, $9.50 {

Model HF-62: Supplied with
automotive eight ball base for
tender or cowl mounting. Includes
60" RG-58-U and connectors
§11.95

Tops in

Rooftops
| 140-500 MHz
UHF/VHF Antenna
Low profile, roof top
ﬁ with factory attached
cable—installs from
outside without dis-
turbing car header
17-7 PH stainless
radiating element
field trimmed for
frequencies between
140 and 500 MHz
Complete with 15
RG-58-U coaxial cable
Model UHT-1
$7.75

Trunk Lip
Mount

140-500 MHz UHF/VHF
Easy to install on side or
rear of trunk lip. No holes
to drill or coax to trim
17-7 PH stainless steel
radiating element, Chart
included for 140-500 MHz
coverage. Complete with
17* RG-58-U and PL-259

Model THF
$12.95

NEW!

2 METER
POWER GAIN

143-149 MHz
3.4 db gain—% wavelength
Powerrating: 200 watts FM

Get the experience of solid communica-
tions, extended range and full quieting
with the Hustler BBL models. Optimized
gain performance with lowest SWR and
the superior mechanical construction will
give you the extra advantage. Both
models supplied operational, ready for
easy installation,

Model BBL-144: Mounts on any flat surface in
%" hole—easy installation on roof, (without
pulling cars’ header), deck or fender —complete
with adjustable, taper ground stainless steel
radiator, stainless steel spring. Overall height
approximately 47%, 17" RG-58-U coax with
PL-259 connector. $27.70

Model BBLT-144: Same as BBL-144 with
Hustler trunk lip mount for no holes to drill
installation on side or rear of trunk lip. Heavy
duty mount assures “stay-put' operation, posi
live RF ground for lowest SWR and completely

hidden cable. $34.70
‘H\'\
,-//

Exclusive Hustler
“break cable”
assembly for
simplest
installation

of all!

World leader in Antenna Mounts —send for Catalog today!

NEW-TRONICS CORP.

15800 COMMERCE PARK DRIVE

BROOK PARK, OHIO 44142

More Details? CHECK—OFF Page 94

Available From
All Distributors whof
Recognize the T
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World Wide Export, Roburn Agencies, Inc., 349 W. 14th St.. New York, N.Y. 10014, Cable Address: Roburnage - New York



for the most advanced antennas under the sun!

HY-GAIN 2045/
NDE

t.i.g.er “:
on
20 meters

The best antenna of its type on the market. Four wide spaced elements
(the longest 36'6”) on a 26' boom along with Hy-Gain's exclusive Beta
Match produce a high performance DX beam for phone or CW across the
entire 20 meter band.

M 10 db forward gain B Maximum power input 1 kw AM;

M 28 db F/B ratio 4kw PEP

B Less than 1.05:1 SWR W Wind load 99.8 Ibs. at 80 MPH
at resonance M Surface area 3.9 sq. ft.

M Feeds with 52 ohm coax

The 204BA Monobander is ruggedly built to insure mechanical as well as
electrical reliability, yet light enough to mount on a lightweight tower.
(Recommended rotator: Hy-Gain's new Roto-Brake 400.) Construction
features include taper swaged slotted tubing with full circumference
clamps; tiltable cast aluminum boom-to-mast clamp; heavy gauge ma-
chine formed element-to-boom brackets; boom 2" OD; mast diameters
from 1%2" to 2'2"; wind survival up to 100 MPH. Shipping weight 51 pounds.

See the best distributor under the sun...the one who handles the Hy-Gain
204BA Monobander.

Model 204BA (4-element, 20 meters).............ccceveee.....$149.95
Model 203BA (3-element, 20 meters).............coeeevee.....$139.95
Model 153BA (3-element, 15 meters)

Model 103BA (3-element, 10 meters)...........ccoeevvivninnnn.

FERRITE BALUN MODEL BN-86

Improves transfer of energy to the antenna;
eliminates stray RF; improves pattern and F/B
ratio. $14.95

W
HY-GAIN ELECTRONICS CORPORATION

P.0. Box 5407 WA Lincoln, Nebraska 68505

2 january 1972 More Details? CHECK—OFF Page 94
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A whole new field of electronics may
eventually evolve from current research
into semiconductor vacuum tubes. Sound
like an April-fool joke? Well, interest in
this area has been high since RCA suc-
cessfully operated a silicon-cold-cathode
tube several months ago. In this device
the cathode is a silicon p-n junction
which emits electrons directly into a vac-
cuum when the diode is forward biased.

The latest solid-state cold-cathode vac-
uum tubes use gallium phosphide as the
cathode material. The surface of the gal-
lium phcsphide is coated with a layer of
cesium or cesium oxide which allows the
electrons to escape into the vacuum. Al-
though the maximum current densities
are presently quite small, and must be
increased significantly before the solid-
state vacuum tubes are practical for com-
mercial use, technology moves very ra-
pidly, and we should see practical devices
of this type on the market within the
next five years.

Because of another recent advance in
electronic technology noisy cooling fans
and blowers may shortly be giving way to
a completely new cooling concept which
uses, of all things, an electrostatic dis-
charge. The heat is removed by the
corona discharge from the negative ends
of high-voltage probes — there is no
arcing. According to the inventor, Oscar
Blomgren, a red-hot heat sink at 1675°
Fahrenheit can be cooled to a dark 975°
{a drop of 700 degrees) in one or two sec-
onds with a 30-kV, 200-uA electrostatic
discharge.

Blomgren accidentally discovered the
cooling phenomenon of high-voltage dis-
charges while attempting to keep an
acetylene flame from touching the inside
of a pipe by using an electric field; he
was trying to solve a burner-nozzle dete-
rioration problem.

There is still much to be iearned about

q january 1972

a second look

. |m
fisk

the way the discharge cooling system
works, but apparently the corona dis-
charge or electric wind creates vortex
columns in the air next to the heated sur-
face. Normally, a thin layer of air clings
to the surface; this acts as an insulating
barrier which inhibits the rate at which
adjacent cooling air can carry away the
heat. With the high-voltage electric field,
the cooling rate is increased by the swirl-
ing action of the vortex columns which
pull in cooler air from outside the normal
boundary area.

To compare electrostatic cooling with
forced-air cooling, engineers set up an
aluminum block and heated it to 250° F.
With constant heat input, the temperature
decreased at the rate of 8° per minute
when the high-voltage was turned on.
When a blower was used, the temperature
dropped 11° per minute, but 14 watts
were required for the blower as opposed
to 3 watts for the electrostatic system.

In another experiment engineers heat-
ed two high-power transistor heat sinks
to 500° F with blow torches. With the
burners adjusted to stabilize the temper-
atures of both heat sinks to 500°, a
28-kV electric field applied to one heat
sink reduced its temperature by 185 de-
grees; the other heat sink remained at
500°.

Amateurs who would like to exper-
iment with electrostatic cooling need an
adjustable high-voltage power supply, 20
to 30 kV. The unit to be cooled is
connected to ground with the negative
lead of the supply; the positive lead is
connected to a pointed probe. No notice-
able cooling takes place until the dis-
charge current is greater than about 10
uA; this is controlled by the supply
voltage and the spacing between the
probe and the unit being cooled.

Jim Fisk, W1DTY
editor
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Swan introduces a complete 2-element beam antenna package di-
rect from our factory, at tremendous savings! Now, ONLY SWAN
HAS IT ALL! Pack includes:

Swan TB-2 Beam Antenna . ... ............ $79.00 1ist.
40’ Rohn-Spaulding EP-5 Tower. .. ......... $89.00 iist.
AR-22 Rotor .. ..... ... ... .. ... ... ... $59.95 iist.
100’ RotorCable . . ..................... $ 6.00 iist.
100RG-8/UCable ......... .. .......... $16.00 ist.

Total list cost $256-60—

SWAN'S GIANT
KILLER PRICE FOR ALL

Use Swan’s new Revolving Credit Service.

==
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While the price is a bargain, the two-element beam antenna package is the finest you could own
at any price! The Swan TB-2 antenna traps are wound on pre-grooved Lexon coil forms, and pre-
cision tuned at the factory for consistent superior performance. These are the same traps that
we use on all Swan triband antennas. And only Swan offers precision cast aluminum boom to mast
and other element fittings. The driven elements are supported by lightweight precision machined
aluminum casting, so that they won't work loose under heaviest storm conditions. All fittings
are of the same heavy-duty construction as our multi-element beam antennas. The Rohn-Spaulding

A\

=

SEEPE
]

[ ==

More

)\/“.\/\. EP-5 40’ tower is made of the same highest quality materials that have made Rohn-Spaulding
‘ 4 towers the largest in the nation. The tower can be ground mounted with base plate and adjustable
\ \' house bracket as furnished. )
‘A % Now you have the convenience of having a complete antenna and tower assembly from one source,
“ at a 30% savings, and you can charge it all to your Swan credit account.
mwireee [R"o/m/m—= - |
% D\/ ["Gentlemen: i
MONEY BACK GUARANTEE i i
‘ since this Jow price Is possible on? by di- | Please send me your Giant Killer Pack. |
,\, W rect factory purchase, you can order your | Name |
/ Swan Giant Killer Pack by mailing in the
‘ coupon at right. If you are not completely | Address |
N isfied, return the to Swan and we |
% witll refunyl the full purchase price to you by City State Zip |
return mail.
‘ ! | OShip CO.D. [ Check enclosed. |
’\, | 7 Charge my BankAmericard # |
/‘ I [] Charge my Master Charge # |
. SWA y . 4 | Master Charge Interbank # |
Vi Delivery will be made by fastest surface shipment.
A E LECT R O NICS | Shipping charges C.0.D, ]
A Subsidiary of Cubic Corparation 1 e o e e e i e e e e e e e i s e e o] I
y SWAN FACTORY /305 Airport Road, Oceanside, CA 92054, (714) 757-7525
vl EASTERN OFFICE/P.O. Box 2288, Ocean, N.J. 07712, (201) 531-4114
L/

Details? CHECK—OFF Page 94 january 1972 5



the most powerful antennas under the sun!

The Best Vertical There IS!
80 through 10 meters

gqain 1SBAVT/WB

New, from the inventors of wideband verticals.
Pack some punch! All the omnidirectional performance of Hy-Gain's
famous 14AVQ/WB...plus 80 meter capability! Unrivaled performance,
rugged extra heavy duty construction, and the price you want...all in
one powerful package!

W Automatic switching on all five bands through the use of three
beeted-up Hy-Q traps...featuring extra large diameter coils for ex-
ceptional L/C ratio and extremely high Q.

W Recessed coax connector furnished.

B Top loading coil and four element static hat.

W Constructed of extra heavy wall high tensile aluminum.

B Hot performance all the way across the band with just one setting
(10 through 40).

B Hy-Q traps effectively isolate antenna sections for full 1/4 wave
resonance on all bands.

B No dissimilar metals to cause noise.

B SWR 2:1 or less at band edges.

M Maximum legal power with low frequency drift.

W Exceedingly low radiation angle makes DX and long haul contacts
a cinch...whether roof or ground mounted.

B Very low RF absorption from insulating materials.

The 18AVT/WB is constructed of extra heavy duty,
taper swaged, seamless aircraft aluminum with full
circumference, corrosion resistant compression
clamps at all tubing joints. This antenna is so rigid,
so rugged...that its full 25' height may be mounted
using only a 12" double grip mast bracket...no guy
wires, no extra support...the 1BAVT/WB just stands
up and dishes it out!

Order No. 386 $59.95

Order direct from Hy-Gain. For your convenience you may use your
BankAmericard or Master Charge. Please include account number.

HY-GAIN ELECTRONICS CORPORATION

Box 5407-WA Lincoln, Nebraska 68505

6 [l january 1972 More Details? CHECK—OFF Page 94



The most powerful signals under the sun!

& SPECIAL

HY-GAIN FACTORY AUTHORIZED GLEARANCE

FM-210 2 METER
TRANSCEIVER
Regular Price $229.50

PA-210 2 METER 35 WATT
MOBILE AMPLIFIER
Regular Price $149.95

FM_ 2 METER TRANSCEIVER: Top performance as fixed or mobile unit,
direct or through repeater. The first American made 2 meter transceiver
specifically designed for amateur use. True FM and discriminator detec-
tion. Plug-in devices for easy service. Rugged chassis construction and
advanced electronic circuitry. Separate transmit and receive frequency
controls for 9 channel combination capability.

SPECIFICATIONS: Frequency Range: 143-149 MHz « Antenna Imped-
ance: 50 Ohms » Nominal Power Req'mts: 12-14 VDC (or optional power
booster) « Transmitter: Power Input: 5 watts (10 W. with pow. booster)
* Freq. Control: 3 Chan." crystal controlled * Microphone: High Imped-
ance req'd.

*Furnished with 146.94 crystal for transmit and receive

PA-210 2 METER 35 WATT MOBILE AMPLIFIER. Rugged solid state
amplifier with 35 watts output to boost your range. A must for areas where
there is no repeater available. Specifically designed for use with the FM-
210. Unique circuit protects the output transistor from voltage spikes and
surges. All changes over relay functions are internal and controlled by
FM-210 circuitry through connecting cable.

SPECIFICATIONS: Input Voltage: 12v DC, negative ground only = Power
Input: 60 watts+ Power Output: 35 watts* Frequency Range: 143-149 MHz.

ORDER DIRECT!
Send check, money order, or use your BankAmericard
or Master Charge (please include account number).

HY-GAIN ELECTRONICS CORPORATION

Box 5407-WA Lincoln, Nebraska 68505

More Details? CHECK—OFF Page 94 january 1972 7



phase-locked
loop

RTTY terminal unit

New design for a
solid-state

afsk demodulator

and

selector-magnet driver
with the features
most wanted

by RTTY operators

8 january 1972

Ed Webb, WAFQM, Post Office Box 17, Schaumburg, lilinois 60172

Upon acquiring a new teletype machine, |
was faced with the problem of coming up
with a terminal unit, or TU — the black
box between the transceiver and the
teleprinter. | didn’t want to be bothered
with unwinding toroids and selecting odd-
ball capacitor values to adapt some of the
TUs that were holdovers from the past
decade. | wanted a TU that was totally
new in its detection method. This TU was
to be ’state of the art” and thus different
in design from current units.

I'd had some experience with the
phase-focked loop (PLL or PL2?) in the
telemetry field and knew it to be an
excellent fm demodulator. However, the
discrete circuitry was rather complex.
While deliberating, | received a notice
from Signetics announcing their new PL2
in an IC. This announcement, together
with subsequent attendance at their tech-
nical seminar, pointed the way for my
new TU design —a phase-locked loop
detector.™ With the help of Art Fury,
WAGJLJ, and his staff at Signetics, my
project has progressed from a dream to
reality — all in one year.

*The circuit is now patent pending, and the PC
boards (available from WCI, Box 17, Schaum-
burg, 11l. 60172) are copyrighted.



the phase-locked loop

The PL? as an afsk detector is an
entirely new approach to RTTY demodu-
lation. No toroids or LC-tuned circuits
are used. The entire TU occupies two
4-inch-square PC boards. The PL2? de-
tector will work with 6-dB or lower
signal-plus-noise-to-noise ratios. No scope
tuning provisions are needed; a pair of
light-emitting diodes provide all tuning
indications. Features of the PL2? afsk
demodulator are:

1. Automatic shift selection, allowing
automatic copy of any shift from 150
to 1000 Hz without manuatl switching.

2. Afc, which provides automatic
lock-in; signats drifting as much as
+500 Hz can be followed.

3. Automatic threshold corrector.
4. Antispace control.

5. Autostart, with solid-state printer
motor control.

6. A 170-voit loop supply, coupled
with extremely sharp selector-magnet

.
. OC AMPLIFIER (INTERNAL)  ~ Lao\CFPL
‘ COMPARITOR camc-
FM/AFSK N ! 36n TOR
o— —

ERROR VOLTAGE

pulses, and a constant-current selector
magnet driver.

7. Operation with ssb audio passbands
(low tones) or regular RTTY tones at
the flip of a switch.

8. Squelch circuit,
printing on noise.

which prevents

characteristics

The phase-locked loop has an ex-
tremely linear voltage-controlled oscil-
lator (vco) whose center frequency is set
to the midrange of frequencies being
detected. A simplified functional diagram
of the Signetics NE565K |C phase-locked
loop is shown in fig. 1. An RC network
sets the resting or center frequency, F_,
of the vco. When a signal is applied to the
phase-comparator input, its frequency
and thus its phase is compared with F ..
If the vco frequency is different from
F.o. an error voltage is generated at the
phase-comparator output. This error volt-
age is then amplified, filtered, and fed to
the frequency-control input of the vco.
The error voltage causes the vco fre-
quency to shift to that of the applied

DEMODULATED
QUTPUT

Cp * MAIN Fry FREQUENCY
SET CAPCITOR

103

ouUTPUT VOLTAGE )

AT AN 7

" Fco ADJUST POT

S . .

05% Fo I5Fo

fig. 1. Oversimplified diagram of Signetics NES65K phase-locked loop. Loop 6-dB roll-off point is

where Xc of CFO equals 3.6 k ohms,

january 1972 9



800- 2200 He

+12vDC

veo
Fy SET
1500 He

-4
02z o

INPUT

1k ion i

REFERENCE VOLTAGE LEVEL (PIN6)

INPUT FREQUENCY LOW

s
REF -~ ~ — = - - -
QUTPUT VOLTAGE AT OUTPUT OF FILTER

™ Ic2

INPUT FREQUENCY HIGH

fig. 2. Trail circuit for the PL? afsk detector, A-waveforms at 8 and C represent asymmetrical
tracking-comparator output due to drifting input signals.

input signal. This action nulls the error-
voltage output from the phase compara-
tor, and the loop is phase locked.

If the input frequency varies within
the vco frequency range, the error voltage
applied to the vco is the duplicate of the
frequency modulation applied to the
PL2, and is thus the demodulated output.
The vco output may also be used as it has
an approximately 40-dB s+n/n ratio over
the input signal, and the vco tracking-
response rate may be controlled by an
external low-pass filter capacitor. Thus
the PL? may be used as an fm detector/
discriminator and as a tracking filter.”

development

The recommended circuit for the Sig-
neticc NEBG65K phase-locked loop re-
quired a dual-voltage power supply. This
was contrary to my basic premise for an
afsk detector; namely, to keep it simple.

10 january 1972

More reading and experimentation
showed that the PL? would work with a
single-polarity 12-Vdc supply. The recom-
mended S5710 voltage comparator
wouldn’t operate with a single-polarity
supply, but | found that the S5741T
would. So | used a NES65K-S5741T
combination for my first detector (fig.
2A).

The S5741T is internally compensated
and develops more than 100-dB voltage
gain. The NEBB5K provides approxi-
mately 100-mV change at pin 7 for 200-
Hz frequency change at the input. This

*The phase-locked loop isn‘t new. In the 1950s
a modified version of the PL2 described here
was used to provide phase-coherent reference
signals in a tracking station at the Kennedy
Space Center. This early circuit, using tubes,
occupied half of a 6-foot relay rack. Two
technicians were assigned full time during range
operations merely to check for balanced sets of
tubes! editor.



+12vDC

AFSK

+i2VDC

10k

INPUT 4-SECTION
O———1 NES65K LOW PASS ¢ - oUTPUT
FILTER O SMP
RI NS74iT
00
+
clr o+

33
20v

fig. 3. Integrator circuit for obtaining stable reference voitage at input to tracking comparator.

detector followed RTTY signals from 170-
Hz narrow shift to 8560-Hz wide shift, and
even followed commercial 425-Hz-shift
stations — all without switching or adjust-
ments!

A three-section RC filter eliminated
the vco carrier frequency on which the
demodulated information appeared at pin
7. The one drawback to this circuit was
that receiver tuning had to be just right to
keep the PL2 output swinging sym-
metrically on either side of the reference
voltage at pin 6. If the receiver or
received signal drifted, then the output
from the comparator became asym-
metrical, and the printer either ran open
or refused to print (figs. 2B and 2C).

tracking problems

The problem was clear but baffling.
The reference voltage must shift in pro-
portion to the amount of tuning error so
that the comparator output remained
symmetrical. |If the demodulated output
voltage swing could be averaged, then this
voltage could be used as a reference
voltage, which would move with the
demodulated output-voltage swing. But
this had to be done without disturbing
the PL? output.

My approach was to integrate the total
swing, thus obtaining an average, or mid-
point, of the demodulated-voltage swing
that could be used as a reference (fig. 3).
This reference voltage would then shift
with the voitage swing of the PL? output
if the applied frequencies were (a) offset
from the vco center frequency, or (b}
different because of frequency drift in
the receiving equipment.

Since the shortest RTTY pulse at 60

wpm is 22 ms, | chose integrator time-
constant values that provided 15 times
the shortest pulse, or 0.33 second, so that
the integrator followed the average swing
of about 3 RTTY characters at 60 wpm.
Resistor R; (fig. 3) unbalances the input
to the N5741T tracking comparator so its
output remains in mark with no signal
applied to the PL2; thus the machine
does not run open. The output voltage
from pin 7 of the pbhase-locked loop was
about 10.6 volts with no input.

FREQUENCY DRIFTING LOW

FREQUENCY DRIFTING HIGH

VOLTAGE INPUT TO PINZ OF iC2

-~ — — VOLTAGE INPUT TO PIN 3 OF iC2
fig. 4. Dashed line represents reference point of
input to tracking comparator as a result of the
low-pass filter. Note that reference point is
always at the midpoint of the demodulated
voltage swing regardiess of signal amplitude,
which is proportional to frequency shift.

january 1972 1



detector performance

The circuit of fig. 3 worked as well as |
had expected. Even slight mistuning of
afsk frequencies had no effect on printer
operation so long as these frequencies fell
within the lock-in range of the PL2. This
range was about *50 percent of the vco
center frequency. The low-pass filter was
increased to 4 sections to obtain another
6 dB of vco carrier suppression and
slightly improved performance. | now had
a workable detector that had a form of
afc and automatic shift selection — the
reference point would always be at the
midpoint of the afsk input demodulated
swing regardless of the demodulated
swing amplitude, which is proportional to
the input-frequency shift. (See fig. 4.)

The differential input of the PL? was
terminated to present a 600-ohm foad at
the input. This termination was ac
coupled to ground through a capacitor, as
the inputs require positive bias voltage for
normal operation. The PL? has very high
input sensitivity and will operate on
signals in the order of 100 mV p-p or less.
A simple diode limiter was placed in the
input to avoid overdriving the PL2,

No predetection filtering was used
because | wanted to retain the maximum
bandwidth of the PL2. Thus the only
predetection filtering or input-bandwidth
restrictions are those of the receiver
rf-af passband and a single-section RC
filter in the vco control-voltage cir-
cuit; thus the PL? operates as a second-
order loop. Its response is limited to 450
Hz by the 0.1-uF capacitor between pin
7 and +V_ (fig. 2).

squelch circuit

Much on-the-air testing followed. The
PL? and tracking comparator worked
extremely well. However, one problem
continued to annoy me. When tuning
from one RTTY station to another, or
when an RTTY station went off the air,
random noise caused the printer to print
random characters. This was because of
the tracking comparator high gain and the
wide bandwidth of the PL? and its RC
filter.

12 january 1972

A method was needed to put the
printer in a nonprint or mark-hold mode
in the absence of a valid RTTY signal, or
in the presence of random noise. A simple
noise squelch would do the job but would
require another stage that could be
squelched. | selected a type TAA-560
Schmitt trigger by Amperex for this
circuit (fig. 5). The TAA-660 requires a
trigger voltage of only 1.5 volts. The
tracking comparator output is of the
order of 10 V p-p (in the space condi-
tion), so input to the Schmitt trigger is
controlled by a voltage divider.

The PL2 noise voltage is of insufficient
amplitude for use as a squelch voltage;
however, the tracking-comparator output
is high enough for this application. (Also,
| didn't want the 22-ms TTY pulses to
activate the squelch circuit.) | sampled
the tracking comparator output with a
differentiating circuit. This network had
little response to the comparatively long
RTTY pulses, which have approximately
a 25-Hz rate. The differentiating network
responded to pulses with a frequency of
200 Hz or higher. Its design frequency is
approximately 200 Hz at the 6 dB point,
and it works like a simple RC high-pass
filter.

The pulses from the differentiating
network are coupled to a voltage doubler
circuit. The rectifier output voltage is
applied to a filter capacitor with a bleeder
resistor in the form of a pot across it. The
combination of the 10 uF filter shunted
by the 100-k pot provided a discharge
time constant of about 1 sec. The
charge time is limited only by the circuit
impedance and is about 10 ms. The
output arm of the squelch pot was also
fed to the Schmitt trigger input through a
100-k isolation resistor.

When the detector is fed raw audio
noise from the receiver, the squelich pot is
adjusted until the machine stops chatter-
ing on noise. The negative voltage from
the squelch rectifier keeps the Schmitt
trigger biased off. The Schmitt output
will remain in the mark condition with
random noise at the PL? input, or when



the RTTY signal fades into the noise to
the point where the PL? unlocks. In the
absence of an input to the PL?, integrator
resistor, R11, at the tracking comparator
input unbalances the static positive volt-

RC low-pass ladder filter. The filter out-
put is fed to the Schmitt trigger, which
functions as a pulse regenerator. The
Schmitt trigger output pulse rise time is
10 us.
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fig. 5. Schematic of the afsk detector incorporating the refinements described in the text. Circuit is

Patent pending, 1971, by WCI.,

age at the differential input; thus the
tracking comparator output remains in
mark.

post detection filtering

The tracking comparator output is fed
through a voltage divider to a two-section

If it's desired to pass a square-wave
pulse through a network without distort-
ing the pulse waveshape, the network
should pass a frequency at least ten times
(preferably 20 times) higher than the
pulse frequency. However, when maxi-
mum signal-to-noise ratio is desired, mini-
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mum bandwidth must be wused. A
minimum-bandwidth filter, unfortun-
ately, also distorts an applied square
wave;, SO a square-wave signal from a
narrow-band filter must be reshaped.
Hence the TAA-560 IC in fig. 5.

When the pulse is regenerated great

won’t appear in the regenerator output.
The RC low-pass filter 6-dB point, be-
tween the tracking comparator and the
Schmitt trigger, is at 25 Hz. If 100 wpm
operation is desired, the capacitors in the
filter (C15; C18 in fig. 5) should be .022
uF.

24

PERCENT  CORRECT COPY

e FOSTER-SEELEY OISCRMINATOR (2 FILTERS)

SIGNAL: 225 Hz MARK; 2975Hr SPACE (850 Hr SHFT)
NOISE: RANDOM 0-5 xHr

20 22
T T T

—eme 98% CORRECT COPY
8+ 0B IMPROVEMENT

LEGEND

«== A DETECTOR (2-NO ORDER LODP)
~+ 25-Hz POSTDETECTION FILTER

S+N/N (dB)
fig. 6. Comparison of the PL2 and conventional Foster-Seeley discriminator.

care must be taken not to induce pulse-
width distortion. The only place that a
non-square-wave pulse may be sampled
(for regenerating purposes) is at the 50%
maximum voltage point, where the pulse
rise-time delay is exactly equal to the
fall-time delay. In this way the pulse is
delayed because of the narrow filter
bandpass, but its width doesn’t change
during regeneration or shaping. The re-
generator output produces the exact
duplicate (possibly better) of the original
pulse before entering the narrow-band-
pass filter; or, in this case, a low-pass
filter.

design evaiuation

The signal is now pure, has a square
waveshape, and no noise exists except for
a small amount that's within the same
frequency spectrum as the desired signal.
If this noise isn't of sufficient amplitude
to trigger the pulse regenerator, the pulse
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The PL2? afsk detector has now met ali
design objectives:

1. Simple circuitry.
2. Copies all normal fsk shifts.
3. Mark-hold feature on random noise,

4. Works with low-frequency tones for
ssb receivers and transceivers at the
flip of a switch.

5. Afc circuit allows drifting or mis-
tuned signals to be received with high-
accuracy printout.

6. Tracking comparator provides anti-
space function as the PL? shifts to the
space frequency. If no shift, tracking
comparator reverts to mark-hold
mode.

TU performance data

Tests and measurements verified that
the PL? provided 98% correct copy with



less than 6 dB s+n/n at the input, where
noise was Gaussian from 0-5 kHz, Figs. 6
and 7 respectively show response curves
and the test instrumentation used to
obtain the data.

Approximately 8 dB improvement was
obtained over a Foster-Seeley discrimin-

SPECTRUM
ANALYZER

(TEXTRONIX IL5 )

TAPE DECK
(AMPEX 80} )

U PRINTER
TEST 60-mA 32)

fig. 7. Instrumentation used to obtain data
plotted in fig. 6. Afsk tones from tape deck,
masked by noise, were received by the TU and
printed on TT machine,

ator. The only disadvantage of the PL2
detector was its wide bandwidth. The
operational bandwidth is equal to the
width, in Hz, of the fsk being received.
The noise bandwidth is equal to the
capture range, or about 1200 Hz. If an
interfering signal 5-6 dB stronger than the
desired signal falls in the PL? operational
pass-band, it will capture the vco much
like the fm capture effect. Other than this
one minor detriment, everything is in the
PL2 afsk detector’s favor.

The vco center frequency can be set
by an external resistor, so two pots and a
switch were used. Qne pot sets the vco to
1500 Hz for use with ssb receivers and
transceivers having limited audio pass-
bands, thus the TU will operate on tones
from 800-2200 Hz. The other pot sets the
vco for 2650 Hz for normal RTTY tones,
and the TU will operate on tones in the
1800-3200 Hz range. This made an afsk
detector that is compatible with any
communications receiver used for RTTY.

selector-magnet driver,
autostart, and fsk

During the initial development of the
PL? afsk detector, | used a Teletype

Corporation Model 32 machine. This
machine has a built-in solid-state SMD,
loop-current sensing amplifier, and power
supply. The SMD in the Model 32 was
driven with a 12-volt, 60-mA loop supply
directly from the Schmitt trigger output,
with a 150-ohm resistor in the 12-volt
supply to set loop current to 60 mA.
(This resistor was also connected to the
Schmitt trigger output via the TT loop.)

Most RTTY enthusiasts have TT ma-
chines that require an external dc-loop
supply. These supplies have outputs rang-
ing from 24 to 200 Vdc. The higher the
voltage, the better will be the rise and fall
times on the selector-magnet keying
pulses. Thus the machine will operate on
keying pulses with a wide range of distor-
tion.

| wanted my selector-magnet driver
transistor to key the loop at or very near
ground potential. Also | wanted the stage
to operate as a constant-current regulator
so the keying-pulse waveform would be
flat. | used a simple pnp transistor pre-
driver (fig. 8) to develop forward bias
across a pot for the SMD. This pot allows
small changes to be made in loop current
if TT machines are used that have differ-
ent selector-magnet coil resistances.

Note that loop-voltage drop, when the
loop is keyed or in mark, is obtained
across an external resistor (R,,, in fig. 8).
This protects the driver transistor from
thermal overload.

autostart

The keyboard is connected in series
with the SMD transistor emitter to
ground. Isolation diodes connected to the
junction of the SMD transistor emitter
and keyboard allow keying of other
circuits (fsk, afsk, etc.) with the key-
board. Such circuits are not disturbed
when the loop is keyed in the receive
mode by the SMD transistor, because the
keyboard contacts are normally closed.
This feature is important if you’'re using a
transceiver with only a single vfo and you
have it hooked up with the fsk circuit.
When operating in this manner, it's neces-
sary to offset receiver tuning with the
incremental-tuning control to obtain the
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afsk tones for the TU. | wanted a simple
autostart circuit that would respond only
to a fsk signal, and which wouldn’t
respond 1o a steady mark tone or a slow
transition from mark to space and back at

’

trolled triac, called a ““Magtrac,” whose
reed-relay coil is 1C compatible. This
device will drive TT machines with
motor-current requirements of 3 amps
running and 12 amps starting, which

R ]
Rext

= 25k,5%, 50W. METAL CASE RESISTOR
THAT IS HEAT SUNK TO CHASSIS. DALE
TYPE RH-50, 2.2x.

p—OTP-5

MAGNECRAFT
\ TYFE  50IOPCX-1
| oo

fig. 8. Schematic of selector-magnet driver and autostart circuits. Patent pending by WCH, 1971,

a slow rate, as is the case when someone
is checking his fsk shift.

motor control

In my original circuit, the Schmitt
trigger output was also fed through an
isolation diode to a voltage divider and
RC network. The output from the net-
work would control a relay driver. How-
ever, | didn’t want to use a large con-
tactor relay in my final design. A trip to
Magnecraft Corporation proved fruitful in
this regard. They had a reed-relay-con-
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includes any Teletype Corporation
printer motor in amateur service. The
schematic is shown in fig. 8.

In my final design (fig. 8) | used the
TAA-660 to drive the Magtrac because
the TAA-560's high input impedance
doesn’t load the RC circuit. In fact, | had
to add a discharge resistor to obtain
proper autostart turn-off time. The
Magtrac offers great isolation between
input and output while allowing a low-
level logic signal to control a fairly high
ac load.
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pull-out transistors, ICs, and diodes —

Signal-One provisions use new devices that meet manufacturer’s
Out of necessity | added a circuit to specs. You'll save vyourself a lot of
key a negative voltage to operate the headaches.
transmit fsk keying provision of the The TU occupies two 4 x 4-inch plug-
PHASE - LOCKED LOOP AFSK SMD - A/S - FSX 3
FSK DETECTOR SELECTOR MAGNET DRIVER 4 "0;”"
{FIG &) (MSTNVT%%NT Trpe) FSK
3 20 9 2012 %8 | 11272 914 1 ‘Glﬂﬂla 0 A22 v

H7VAC, 3A
TO PRINTER MOTOR
JE

VA~

1. XMIT/MAN MOTOR
v igv 2.A/8
REG 3. RCV/MAN MOTOR

- 1200 OHM | K
(600 OHMS
NOMINAL )

"7 VAC

A

H7 vac +{2VDC, 150mA
>I1% REG PS > 412V REG
LAMBOA MZS-1]

fig. 9. Main frame of the RCT-2D terminal unit. Patent pending by WCJ, 1971,

Signal-One CX-7 transceiver. (Several in PC boards. Standard 22-pin PC con-
minor modifications are needed on the nectors are used, which fit a Cinch-Jones
CX-7 for RTTY operation; but properly type 50-22A-20 socket. The entire main
modified, the CX-7 works beautifully on frame (fig. 9} of the RD-100 was built on

RTTY.) a Bud AC-407 chassis. The unit is en-
This circuit is also shown in fig. 8. A closed in an LMB CO-2 cabinet and front
Litronix lso-Lit 1, an electro-optical iso- panel. The cabinet and panel, finished in

lator, is used, which is a LED-control-led two-tone gray, is a dead ringer for a piece
pnp photo transistor. A single transistor of the S-line series.
drives the Iso-Lit and also conditions the The 12-volt dc power supply should be
fsk signal so that mark is high in fre- extremely well regulated with better than
quency on transmit and space is lower in 0.1% regulation. | used a commercial unit
frequency. The amount of shift is set by with excellent performance, a Lambda
the front-panel fsk control on the CX-7. Electronics Corp. Model LZS-11; quite a
] buy for only $38.00.
construction notes The loop supply is similar to that used
When building the PLZ TU | didn’t by W6FFC in his ST-6 —nice and
skimp on parts. Only the highest-grade healthy. Voltage is about 170 Vdc, and
commercial-quality components were the supply provides better than 250 mA,

used. All resistors are 5%, and capacitors of which only 60 mA are used. But the
are 10% tolerance. | recommend MIL- voltage stays put! Even if the voltage
spec low-leakage electrolytic capacitors. varies slightly, the constant-current char-
Stick with the exact component values acteristic of the SMD holds the loop at 60
and don’t substitute! Also don't use mA on mark.
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fig. 10. Oscillograms showing response of PL? and SMD circuits at various test points.

PL? veo output at TP2 on detector card (fre-
quency test point).

horiz 10 ms/cm
vert 5 V/cm
Feo 1500 Hz
abscissa 0 Vdc

PI._: demodulated afsk output at TP3 on
detector card.

horiz 10 ms/cm

vert 100 mv/cm

ordinate ref voltage at non-
inverting input on
1c2 (fig. 5)

shift 170 Hz

60 wpm, 5-level

Tracking comparator output from low-pass filter
at TP4 on detector card.

horiz 10 ms/cm
vert 1V/ecm
abscissa 0 Vdc

SMD predriver output at TP2 on SMD card.

horiz 10 ms/cm
vert 5V/iem
abscissa 0 Vdc
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Schmitt trigger output at TP5 on detector
card. (Mark low/space 10 Vdc.)

horiz 10 ms/cm
vert 5 Vdc/ecm
abscissa 0 Vdc

SMD output-current pulse (60 mA) to selector
magnets.

horiz 10 ms/cm

vert 1 V/cm (or 20 mA/cm)



Resistor R,,, (fig. 8) is mounted
directly on the chassis, which provides a
heat sink. Be sure to use a small amount
of Wakefield thermal compound to en-
sure good thermal contact to the chassis.

Al input and machine-connection
jacks are mounted on the chassis rear
deck. The selector-magnet jack and plug
are three-circuit types; however, only two
circuits are used, as both sides of the
selector-magnet coil are above ground. A
grounding-type ac receptacle is also
mounted on the chassis rear. This is the
ac output line from the autostart, and the
machine motor is plugged in here. Both
power-supply primaries are fused. The
12-volt load of the unit is 50-60 mA.

initial setup and checkout

For the setup you’ll need a vom and a
frequency counter or oscilloscope and a
calibrated af oscillator. These last two
items can be used to read frequency in
place of a counter. The oscilloscope can
also be very helpful should you have to
go “pulse hunting.”” The oscillograms of
fig. 10 will aid in alignment and checkout
of both units.

1. Plug in the machine motor, key-
board, and selector magnets. Plug in
the ac power to the RCT. Don't
connect your receiver to the RCT at
this time. Function switch should be
in autostart; mode switch in ssb.

2. Connect a counter to TP-2 of the
detector board and make sure that the
mode switch is in ssb. Adjust R5 fora
counter reading of 1500 Hz. This is
the vco center frequency adjustment
for ssb mode.

3. Place the mode switch in NORM
and adjust R6 for a counter reading of
2500 Hz. This is the vco center fre-
quency adjustment for the NORM
mode.

4. Now connect your receiver 500-600
ohm audio to the RCT input. Set the
volume at a comfortable level and tune
to a clear frequency. The noise may
trigger the autostart ON, but don‘t
worry. Now adjust noise-squelch pot

R16 to the point where the machine
stops printing on impulse noise; ten
seconds later the autostart will turn
the motor OFF.

5. Place a 20-k/V vom or vtvm from
TP-3 on the SMD board to ground,
and adjust the loop-current-adjust pot
for 3.75 Vdc. You now have 60 mA in
the loop.

6. [f you're using an ssb receiver or
transceiver, enable the ssb mode and
place the receiver/transceiver in Isb.
Piace the RCT in the ssb mode and
tune to a RTTY station so that you
can hear both tones. The RCT will do
the rest.

If you're using a receiver with an af
passband up to 3 kHz, then you can use
the NORM mode on the RCT.

sources
1. The PL2 (NE565K) and the tracking compar-
ator (N5741T) are available from Signetics
Corp., 811 East Arques Ave., Sunnyvale, Ca.
94086. The NES65K is approximately $11.00;
the N5741T is approximately $1.50.
2. The Schmitt trigger, type TAA-560, is avail-
able from Amperex Electronics Corp., |. C.
Division, Providence Pike, Slatesville, R.I.
02876. The TAA-560 is approximately $3.00.
3. The Magtrac type 501QPCX-1 is available
from Magnecraft Electric Co., 5575 N. Lynch,
Chicago, 1. 60630 for $16.80.
4. The 12 Vdc regulated power supply, model
LZS-11, is available from Lambda Electronics
Corp., 515 Broad Hollow Road, Melviile, L. I.,
New York, 11746 for $38.00.
b. The Iso-Lit 1 is available from Litronix
Corp., 19000 Homestead Road, Cupertino, Ca.
95014, for about $4.00.
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1. D. D. McRae, ““Phase-Locked Demodulation
in Telemetry Receivers,”” Proc. [RE, 1958
Conference on Telemetering.
2. M. H. Nichols and L. S. Rouch, Radio Telem-
etry.
3. Application Note D41, LIN-023-110, “10M
Phase-1L_ocked Loop 565, Signetics Corp.
4. Application Note D45, LIN-010-80, '"35M
High-Performance Operational Amplifier
5741," Signetics Corp.
6. Application Note "“Type TAA-560 Level
Detector/Schmitt  Trigger,” Amperex Elec-
tronics Corp.
6. Application Note “Iso-Lit 1, Electro-Optical
Isolator,”’ Litronix, Inc.
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introduction to

microwaves

A discussion

of the differences

between low frequencies
and the microwave domain
in terms of

ac-circuit theory
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William L. Sullivan, W1CBY

The amateur bands above 1 GHz offer
interesting challenges to the builder-
experimenter and operator alike. Known
as the microwave region, this portion of
the radio spectrum is relatively unpopu-
lated with amateur signals when com-
pared to the lower-frequency bands.
Many amateurs don’t understand the
theoretical and physical concepts of
microwave work and tend to ignore this
interesting facet of ham radio. Many of
the devices used at the microwave fre-
quencies were developed in laboratories
by physicists; consequently the behavior
of such devices is usually described in
complex mathematical terms. However,
by using a logical down-to-earth ap-
proach, microwave fundamentals are
easily understood.

50 MHz and up

Construction technique and operating
know-how in the region above 50 MHz is
much different than in the “dc bands.”
Getting equipment to work at, say, 1296
MHz is a real test of one’s ability in
circuit design techniques and testing. If
you like to build equipment, here’'s a
fertile field for your ingenuity and pa-
tience. Like to work DX without the
hassles and pile-ups of 20 meters? Try
over-the-horizon work with narrowband
equipment on 3300 and 5650 MHz.! Try



some of the experiments with ROCLOC
(relative or crystal local oscillator con-
trol), a technique developed by the San
Bernardino Microwave Society.?

Many other activities will be found in
the amateur bands above 50 MHz. Com-

186,000 miles/sec. |If the operating fre-
quency is 10 billion cycles/sec (10,000
MHz) the alternating wave will go
through one complete cycle in one ten-
billionth of a second. Since the wave
moves at 300 million meters/sec, it will
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fig. 1. The etectromagnetic spectrum.

munications by tropo scatter, meteor
scatter, and moonbounce are examples.
Recent work by amateurs has established
the practicability of communications over
long paths on frequencies to at least
10,000 MHz. Interested in building equip-
ment? Here's a remark by an East-coast
microwave enthusiast, K2JNG: “You
don’t buy gear for this band (1296 MHz),
you build it.”3

These are but a few of the happenings
in the bands above 50 MHz. Now let’s
look at some of the differences in tech-
niques and technical disciplines required
for microwave work as compared to those
associated with the lower frequencies.

background

Electricity that alternates with time,
whether from power mains, radio-broad-
cast stations, or radar is described in
terms of an alternating wave. |t makes no
difference whether the circuit involves
vacuum tubes, transistors, transmission
lines or antennas; the resulting pheno-
menon may be attributed to a series of
waves. Scientists recognized the similarity
between these various waves before the
turn of the century and segregated them
by frequency as shown in fig. 1. For
reasons we will see shortly, this band of
frequencies is called the electromagnetic
spectrum. All waves within the electro-
magnetic spectrum travel at the speed of
fight — 300 million meters/sec or about

move one ten-billionth of this distance
during one cycle, or 3 cm. This distance is
defined as the wavelength (fig. 2). The
point is, although the speed of light may
seem instantaneous, an electromagnetic
wave requires a finite amount of time to
move from one point in space to another.
When the frequency is low, it takes longer
to complete one cycle, and the wave-
length is longer. At frequencies above
1000 MHz, however, the wavelength be-
comes relatively small, and this part of
the spectrum is called the microwave
region.

jo—— waveLeneTH —-1
PROPAGATION
WAVELENGTH = %

fig. 2. The wavelength equation.

The increasing use of microwaves in
recent years parallels the expansion to the
hf and vhf portions of the spectrum of a
few years ago. In all cases the spectrum
has become crowded with radio services,
and it has been necessary to expand in
the only possible direction, upward.
Measured in cycles, the additional fre-
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quencies made available by the advent of
microwave technology are several
hundred times greater than all those
previously available. These additional fre-
quencies are not a panacea, however,
because many of the new services require
wide bandswidths. Radar, for example,
requires a handwidth of 5 to 10 MHz.

bandwidth considerations

The microwave frequencies are espe-
cially important for two reasons, both
based on the peculiarities associated with
ultra-short wavelengths. The first is the
bandwidth consideration; a radio signal
consisting of only one frequency isn't
practical for the transmission of intelli-
gence, because a single-frequency signal is
infinitely narrow. Information may be
carried by a signal only if it occupies a
restricted band of frequencies. In general,
the wider the band, the more information
can be conveyed per unit time. The
intelligence may consist of telegraphic
dots and dashes, audio or video modula-
tion, radar pulses, etc. In each case a
certain bandwidth must be assigned to
provide distortion-free transmission and
reception.

When the operating frequency is very
high to start with, a given bandwidth
constitutes a smaller percentage of the
carrier frequency, and it's possible to
provide more channels of intelligence.
For example, if we modulated a 10-MHz
radio signal with video 2 MHz wide, the
bandwidth would constitute 20% of the
carrier frequency. If, on the other hand,
we modulated a 100-MHz signal with the
same video information, the resultant
bandwidth would be only 2%. In general,
it's difficult to obtain bandwidths greater
than about 5% of the carrier frequency.

Bandwidth becomes increasingly im-
portant when the modulating signal is
characterized by an inherently wide band-
width. This is the case with the very short
pulses associated with radar and pulse-
code communications systems, or where
the multiplexing of a large number of
video channels by a single transmitter
results in economic television relay ser-
vice.
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antennas

The second major consideration has to
do with antennas. Both the beamwidth
and the gain of an antenna depend upon
the ratio of the wavelength to the size of
the antenna. In many applications, it's
desirable to concentrate the radiated
energy into very narrow cones a few
degrees wide, with gains of several thou-
sand. This can be done only when the
antenna is extremely large in terms of
operating wavelength and is impossible
when the wavelength is measured in
miles. However, extremely high-gain an-
tennas are practical with wavelengths less
than an inch.

atmospheric noise

Very low atmospheric noise exists in
the microwave region. A “low-noise
window’’ extends from 200-1500 MHz
where atmospheric noise is almost non-

1l 1

tig. 3. Concept of displacement current in an ac
circuit.

existent. Additionally, the very short
wavelengths associated with microwave
frequencies are suited to many unique
construction techniques. Hollow pipes
may be used for transmission lines, cavity
resonators with extremely high Qs may
be used in place of LC circuits, and
parabolic reflectors may replace massive
directive antenna arrays.

electrical concepts

The misunderstanding and confusion
surrounding microwaves is due in part to
the apparently different electrical con-
cepts that govern their operation. Actu-
ally the concepts are not so very different
from those encountered at lower frequen-
cies; it's just that the laws used at the
lower frequencies are not sufficiently
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fig. 4. Electromagnetic field between capacitor
plates.

general to encompass microwave circuits.
This difference is comparabie to the
difference between dc and ac circuit
theory. After studying dc circuits, it's
necessary to have an understanding of
frequency, phase, and reactance before ac
circuits may be properly analyzed.

In dc and low-frequency communica-
tions, it's customary to consider the
transmission of energy through the flow
of current or electrons. In the microwave
region this concept may be misleading,
because it doesn’t explain the trans-
mission of energy through a hollow wave-
guide where conventional current does
not exist. If, instead, we consider that
energy is contained in an electromagnetic
field, the transmission phenomenon at
any radio frequency may be easily ex-
plained.

Many tend to forget the basic elements
of static electricity and charges once the
concepts of voltage, current, and Ghm’s
law are understood. This isn't too un-
usual, because these latter units are easily
measured in everyday electronics cir-
cuitry. However, at microwave frequen-
cies, the familiar quantities of voltage and
current are difficult, if not impossible, to
measure, and we must resort to the
fundamental concepts of electric and
magnetic fields to understand microwave
theory.

electrical fields

Before progressing into a general dis-
cussion of fields, let’s consider the con-

cepts of electric fields and electric volt-
age. Actually, they are very closely
related quantities, with field strength
expressing the force that would be felt by
an electron placed at some point in space
and voltage expressing the product of this
field strength and the distance over which
it moves the electron. Contrary to what
you might think, this is not a new idea at
all. If you’ll recall your first studies in
electricity, you’ll no doubt remember the
experiments with cat fur and a rubber
rod. When you rubbed the fur with the
rod, you generated a static electric field.
The electric field associated with radio
waves differs from the electrostatic field
only in that it varies in time; this is not
unlike the difference between ac and dc.

We know, from the principles of con-
tinuity, that the current leaving the signal
source E at the right in fig. 3 is exactly
equal to the current returning at the left.
The current flows through the resistor
and the inductor, but what happens at
the capacitor? There is no movement of
electrons through the dielectric separating
the plates of the capacitor, so there
appears to be a discontinuity in the
current flow. However, from our experi-
ence in low-frequency ac circuits, we
know that current apparently flows
through the capacitor.

displacement current

This difficulty was recognized many
years ago and was straightened out by
inventing a new kind of current called
displacement current. Actually, modern
physicists do not feel that displacement
current is so much a current as did the
early researchers; nevertheless the con-
cept is still valid. In fact, since displace-
ment current produces the same effects as
actual conduction current in describing
this phenomenon.

The displacement current between
capacitor plates is a function of the
changing electromagnetic field between
the plates (fig. 4). In elementary static-
electricity theory, displacement current
doesn’t exist because the electrostatic
field doesn’t vary with time,
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the flux equation

The magnetic field surrounding a
current-carrying conductor may be ex-
pressed by

H=7r (1)

where H is the magnetic flux density at a
distance r from a wire carrying a current |
{fig. 5).

Michael Faraday (1791-1867) dis-
covered that an electromotive force E
could be generated by a magnetic field
cutting the current-carrying conductor:

H

E=-— (2)
t

where the induced voltage E is pro-
portional to the magnitude of change in
the magnetic flux and inversely pro-
portional to the time in which the flux
changes.®

From (1) it can be seen that the
induced voltage E will increase with
either a larger or faster change in mag-
netic flux density H. In other words, if
the flux change is held constant, the
induced voltage will increase with the
frequency of the magnetic-flux change.

the electromagnetic field

Note that no mention is made of
either conductor size or material in either
of the above equations. If the size of the
conductor were gradually reduced step by
step, the induced voltage would remain
the same, because the law states nothing
to the contrary. In fact, the size of the
wire may be reduced until there is no
wire, but there will still be an induced
voltage across the space that was oc-
cupied by the wire.

The voltage induced across space by
the changing magnetic flux is in the form
of an electric field. This field causes the
flow of displacement current; the dis-
placement current generates a magnetic

*The classic definition of the relationship be-
tween magnetic flux and magnetic flux density
is complex. An introduction to these and other
elements of magnetostatics appears in reference
4. Editor.
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fig. 5. The flux equation, which describes the
magnetic field surrounding a current-carrying
conductor.

field in direct proportion to its intensity.
The electric and magnetic fields then are
complementary, with one generating the
other as they move through space at the
speed of light. The combined effect of
electric and magnetic fiux form an elec-
tromagnetic field.

The electromagnetic field may be rep-
resented as in fig. 6, where the electric
and magnetic lines of force are perpendic-
ular to each other and mutually perpen-
dicular to the direction of propagation.
Although the electric and magnetic fields
are represented by lines of force, separate
E and H lines don’t exist in space; rather
a kind of electric or magnetic tension
exists that's directly proportional to the
intensity of the flux. That is, more lines
of force are used to illustrate a strong
field than a weak one.

the microwave domain

The fact that a changing magnetic field
induces a voltage across space is the
concept needed to understand microwave
circuits. In other words, at ultra-high
frequencies the current flows not only in
conductors; it may flow as displacement
current between points in space. In a
sense there is still a circuit, but the paths
are no longer well defined.

One of the outstanding events in the
history of microwave theory was the
recognition of the similarities between
the effects of different electromagnetic
field configurations and those in in-
ductive, capacitive, and resistive ele-
ments — the circuit components familiar
at the lower frequencies.

When the basic circuit elements are
viewed from the fundamental concept of
energy, it becomes obvious that the
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fig. 6. Electromagnetic field associated with an electrical wave varying in time, magnitude, and

direction.

energy of an inductor is always stored in
a magnetic field, and the energy of a
capacitor is always stored in an electric
field. Therefore, any microwave com-
ponent that stores energy by the virtue of
an electric field is regarded as having
capacitance. Conversely, any component
storing energy in a magnetic field is
considered to possess an equivalent in-
ductance. When microwave energy is dis-
sipated in terms of heat, the effect is
similar to a resistive component in a
low-frequency system.

With certain reservations, the impe-
dance associated with a microwave circuit
may be related to the R, L, and C
elements in exactly the same way as at
the lower frequencies. In a low-frequency
circuit, where the wavelength is many
times larger than that of the individual
circuit elements, no anomaly exists. How-
ever, in a microwave system, the wave-
length is comparable to each of the
circuit elements, and the magnitude of
the R, L, and C components is dependent
upon wavelength. Therefore, an inductive
or capacitive value may be assigned to a
microwave component only when the

frequency is held constant. However, in
practical circuits where bandwidth is rela-
tively narrow, this concept allows one to
use his knowledge of low-frequency ac
theory to increase his understanding of
microwave circuit with a minimum of
error.
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2-M CLASS “C” AMPLIFIER

MODEL FM-3-30

1 TO 3.5 WATTS INPUT GIVES
17 TO 30 WATTS OUTPUT
TYPICALLY 20 WATTS OUT FOR 1 IN

SIZE AUTOMATIC T/R SWITCHING

ONLY
" x 5N x 3N

13.5 v.D.C.
MOBILE OPERATION

Model FM-3-30 $89.95
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Only $69.95
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4 TO 12 WATTS INPUT
20 TO 50 WATTS OUTPUT
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SOLID-STATE ELECTRONIC KEYER

MODEL KE-1

SIZE: 4147 x 4351 x 2%

"{ U] [ —

LS g gy

CRC=Tr sl A

g .
4

AW,

Low Low Price $54.95

FEATURES

« 4.60 W.P.M. OPERATION

-

TWO VARIABLE SPEED RANGES
AUTOMATIC OPERATION
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HOLD (TUNE) FUNCTION

REED RELAY OUTPUT (10W)
(Optional 50W relay add $2.00)

115V OPERATION

« INSTRUCTIONS FOR USE FROM EXTERNAL

REGULATED 3 V.D.C. SOURCE

ALSO AVAILABLE — 2M PREAMPS — 12 V.D.C. OPERATION — 13 dB GAIN — 3.5 dB NOISE
2" x 24" — NO CASE — MOSFET WITH DIODE PROTECTION — WITH INSTRUCTIONS

$12.95

90 DAY PARTS AND LABOR WARRANTY ON ALL PRODUCTS

SEND CHECK OR MONEY ORDER TO: (Dealer inquiries invited)
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high-stability

variable frequency

oscillator

This high-frequency

5.0- to 5.5-MHz vfo
provides excellent stability
and maximum low-harmonic
output with a

minimum number

of components

The highly stable vfo described in this
article has evolved 