one dollar

.

APRIL 1976

solid-state communications
receivers

designing circuits with
op amps

medium-frequency loop
antennas

ssb transceiver
L, C, R bridge

and much more...

18

26

30
48

54

programmable

contest keyer
P S

A/




the “ONE" you've been waiting for

No need to wait any longer — this is it! Whether you are already on
2-meter and want someting better or you're just thinking of getting
into it, the VHF/ONE is the way to go.

® Full 2-meter band coverage (144 to 148 MHz for transmit and receive. »
Full phase lock synthesized (PLL) so no channel crystals are required. »
Compact and lightweight — 9.5 long x 7" wide x 2.25" high. Weight —
About 4.5 Ibs. » Provisions for an accessory SSB adaptor. » 5-digit LED
raceive frequency display. » 5 KHz frequency selection for FM operation.

* Automatic repeater split — selectable up or down for normal or reverse
operation. * Microphone, power cord and mounting bracket included. ¢

Two built-in programmable channels. » All solid state. * 10 watts output. »

Super selectivity with a crystal filter at the first IF and E type ceramic filter

at the second IF. » 800 Selectable receive frequencies. * Accessory 9-pin

So much for so little! 2
watt VHF/FM hand held

socket. » $495.00 e :
6 Channel capability, solid
TEMPO SSB/ONE state, 12 VDC. 144-148 MHz
SSB adapter for the Tempo VHF/One (any two MHz), includes
e Selectable upper or lower sideband. * Plugs directly into the VHF/One with 2 pair of crystals, built-in

charging terminals for ni-

2 =
::vr:r:dg;fl:xst;:zr; O(I;.Iolsq blanker built-in. » RIT and VXO for full frequency cad cells, S-meter, battery
% A level meter, telescoping
*\ whip antenna, internal

speaker & microphone.
Marine & $199.00

H MC for
‘gnm“(tnl st vICH
also avaiiatile

. . .a VHF/FM mobile tran-
sceiver for the 2 meter amateur
band. It is compact, ruggedly
ae@ Duilt and completely solid state.
MFETEEERERRREY One channel supplied plus two
channels of your choice FREE

144 to 148 MHz covera?e e Multifrequency spread of 2 MHz e 12 channel
possible « Metering of output and receive e Internal speaker, dynamic
microphone, mounting bracket and power cord supplied. A Tempo “best
buy" at $239.00. ) =

\(

N\ The Tempo 6N2 meets the demand for a
high power six meter and two meter
power amplifier. Using a pair of Eimac
As new as tomorrow! The superb CL-220 8874 tubes it provides 2000 watts PEP
embodies the same general _speCIhcallor‘ls as input on SSB and 1000 watts input on CW
he CL-146A, but operates in the frequency and FM. Completely self-contained in
range of 220-225 MHz (any two MHz without one small desk mount cabinet with

retuning). At $299.00 it is undoubtedly the best internal solid state e

: power supply, built-in

% value available today. blower and RF relative power indicator.
$795.00

SOLID STATE VHF LINEAR AMPLIFIER. 144-148 MHz. Power outpuD The Tempo 2002.. 2 meters only $695.00
Wi

of 100 watts (nom) with only 10 watts (nom) in. Reliable and compact. The Tempo 2006.. 6 meters only $695.00 )

¢

UHF (400 to 512 MHz|

VHF (135 10 175 MHz) Drive Power Qutput Mode! No. Price

Dvive Power Output Model No. #rice w TOW 1opo2 5270

P W 130W  130A02 5199 10w ow ropho £250

Solid state power amplifiers for use in 10W 130W  130A10 $179 30W 70w 70D30  $210

most fand mobile applications. 30w 130w 130A30  $189 i Mm .a00o2) E1ed

| 2 b e w BOW BOADZ S169 1w aow 40010 5145

ncrease the range, clarity, reliability 10W HOW  BOAI0 $149 2w 0w 10002 $125
and Speed 01 two- way communications. 30w BowW BOA3D 5159 FCC Type accepted modeis alvo avalat )

Most of the above products are available at dealers throughout the U5,
¥4 1
”‘; ' € '
J J I_ '4)
11240 W. Olympic Blvd., Los Angeles, Calif. 90064 213/477-6701

931 N. Euclid, Anaheim, Calif. 92801 714/772-9200
Butler, Missouri 64730 B16/679-3127

Prices subgect 1o change withou! notice



YOUR COMPLETE SATISFACTION is our goall And here is

' the offer that proves it! Order any MFJ Product and try it. If

CWF-2BX - you're not completely satisfied, you may return it within 30
days for a full prompt refund (less shipping).

s wETER

CMOS-8043 Ay CW FILTER — Over 5000 now in use. 80 Hz bandwidth
i and steep sided skirts separate even the weakest signal
from the QRM. Works with any receiver or transceiver.
CWF.-2BX, assembled and tested . S 27.95
CMOS KEYER — State of the art design uses Curtis 8043
Keyer on a chip. Dot memory. Self comfleting dots and
dashes. 8 to 50 wpm. Sidetone and speaker. Built in k%y,
CMOS-8043, assembled and tested T $39.95
. - 5 ‘ SSB FILTER — Here's a new and different kind of single
SBF-2BX : sideband filter. Unintelligible signals become readable as
. " znu slide the selectivity switch to optimize the audio
andwidth.
SBF-2BX, assembled and tested . - ’ $24.95

FREQUENCY STANDARD — The MFJvZOﬁDBi ﬁrouidas strong

precise markers every 100, 50, 25 kHz well into the VHF

region. Gated for positive identification. CMOS. Accurately

MFI-200BX, ‘sssembled ‘and iested $24.95

i | -+ . assem and teste .

MFJ-200BX 1 L RP TRANSMITTER — Work the world on 5 watts with
this Transmitter on 40 meter CW. No tuning required.
Short circuit proof. Switch selects crystal or VFO fre-
?;escbsé control (crystals and VFO not included). Requires
MFJ-40T, assembled and tested . ... . . $24.95
QRP VFO — Companion VFO plugs directly inta QRP
transmitter above for stable variable frequency control
from 7.0 to 7.2 MHz. Can be used with other xmtrs. 4V
eak-peak output.

FJ-40V, assembled and tested : ... $24.95
QRP POWER SUPPLY — This unit will eliminate receiver
hum and chirp and buzz in your transmitted signal caused
by power supply deficiencies. Delivers up to 1 Amp at

12 .
- - MFJ-12DC, assembled and tested . . $24.95
MF J-40v SUPER LOGARITHMIC SPEECH PROCESSOR — Ug to
400% more RF Power is yours with this plug-in unit. Plugs
in between mic and xmtr, Active filters concentrate power
on those frequencies that yield max. intelligence.
LSP-520BX, assembled and tested ! $49.95
SIZES: Units Above are 4 x 3% x 3 3/16; Units Below
T 59/16 x 3% x 2'%.
win : SUPER LOGARITHMIC SPEECH PROCESSOR — This option
MFJ‘12DC " ; { includes all the features of the unit above plus a rotary
function switch, an uncommitted 4 pin mic jack and an
extra special enclosure.
LSP-520BXIl, assembled and tested 7 . $59.95
STATE-OF-THE-ART RECEIVER PRESELECTOR — Connected
- . 1 between your antenna and receiver, this preselector dra-
: y matically impl}o:res weak signal reception. (Increases signal
. o 3 to 5 "S" Units.)
LSP 5208X ‘e 1IN MFJ-1 $49.95

030BX, assembled and tested
Please add $2.00 per item for Shipping & Handling.

LSP-520BX11

All products manufactured
by MFJ Enterprises are UNCONDITIONALLY GUARANTEED
for a period of one year frc:m thfe dltre of purchase.f’l’his

3 . means we will repair or replace free of charge any of our
MFJ-IOSOBX = products which are defective for any reason.
Why not let MFJ add that extra something to your
station. Order today and see just what conveniece and
capabilities we can add to your life.

MFJ Enterprises

P. O. BOX 494(H) e MISSISSIPPI STATE, MISSISSIPPI 39762 e 601-323-5869

FREE CATALOG AVAILABLE. n E
DEALER INQUIRIES INVITED. sy
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The HAL ST-6000 demodulator
/keyer and the DS-3000 and DS-4000
KSR/RO series of communications
terminals are designed to give you
superlative TTY performance toda

—and in the future. DS series termi-
nals, for example, are re-program-
mable, assuring you freedom from
obsolescence.Sophisticated systems
all, these HAL products are attrac-
tively priced—for industry, govern-
ment and serious amateur radio
operators.

The HAL ST-6000 operates at
standard shifts of 850, 425, and
170 Hz. The tone keyer is crystal-
controlled. Loop supply is internal.
Active filters allow flexibilityin estab-

lishing different tone pairs. You can
select AM or hard-limiting FM modes
of operation to accommodate differ-
ent operating conditions. An internal
monitor scope (shown on model
above) allows fast, accurate tuning.
The ST-6000 has an outstandingly
high dynamic range of operation.

Data 1/O can be RS-232C, MIL-188C
or current | "
The DS- and DS-4000 series of

KSR and RO terminals provide silent,
reliable, all-electronic TTY transmis-
sionand reception, or read-only (RQ)
operation of different combinations

Stay tuned for future programs.

of codes, including Baudot, ASCII
and Morse. The powerful, program-
mable BOBOA microprocessor is in-
cludedin the circuitry to assure maxi-
mum flexibilityfor your present needs
—and for the future. The KSR models
offer you full editing capability. The
video display is a convenient 16-line
format, of 72 characters per line.

These are some of the highlights,
The full range of features and speci-
fications for the ST-6000 and the DS
series of KSR and RO terminals
is covered in comprehensive data
sheets available on request. Write for
them now—and tune in to the most
sophisticated TTY operation you can
have today...or in the future.

HAL Communications Corp., Box 365, 807 E. Green Street
Urbana, lllinois 61801 » Telephone: (217) 367-7373

2 april 1976
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second look
by Jim Fisk

Now that 16-kilobit random-access memories are starting to appear on the market, it shouldn’t
be too long before we see some of these devices in amateur products. lts predecessor, the
popular 4k RAM, evolved rather slowly because manufacturers were forced to switch from
p-channel to n-channel designs to reduce cell size. Since 16k RAMs use the same basic
technology, prices can be expected to race down the curve at a much faster pace -- some
manufacturers are predicting the price will drop to less than $10 by early next year. Others see
a much slower pace, with the magic $10 price at least three years away. All agree, however, that
once it's in production, the 16k RAM will dominate the solid-state memory market well into
the early 1980’s.

One of the reasons the 16k memory will be with us for awhile (as opposed to the relatively
short-lived 1k, 2k and 4k devices) is because the next level of RAM integration, 65,536 bits, is
probably beyond the reach of the n-channel MOS process. In the 16k RAM each bit is squeezed
into a site about one-thousandth of an inch square (0.026mm2) — about half the area required
in 4k designs — by placing the cell's switching transistor and storage capacitor on top of one
another instead of side by side as in the 4k layout. However, most researchers are convinced
that the switched-capacitor or single-transistor cell used in present RAMs won't be good enough
for 65k devices — it will probably peter out well short of 0.3 to 0.5 mil2 (0.0005 inch2 or
0.013mm2) cell sizes needed for the 65-kilobit chips. The innovations in technology and circuit
design that will be needed to reach the 65k level, such as bit sharing, charge coupling, or
multi-level memory planes, will resist quick translation into production devices.

Of the several options which show promise for 65-kilobit cell integration, attention is
presently being focused on the charge-coupled device (CCD) technigue that Texas Instruments
has used to build an experimental RAM cell. Known among insiders as the no-transistor RAM
the device stores bits in switchable CCD capacitors implanted under the MOS gate. One reason
the CCD approach is so attractive is that it lends itself to the same silicon-gate process used in
4k RAMs. The CCD memory cell, which meets the necessary size requirements for 65k
integration, can switch as fast as a conventional MOS transistor so no speed is lost. More
significantly, the CCD RAM requires only two access lines per cell: one for storage and a sense
line for reading. This further reduces chip size (all of today’'s RAMs need three lines per cell).
The question that remains is whether the CCD memory cell can be manufactured in large chips
with high yields — if it can't, designers will have to come up with other designs or further
develop semiconductor technology.

Although the new 16k random-access memories received a good deal of attention at this
year’'s Solid State Circuits Conference in Philadelphia, a number of other new developments
were described which will have great impact on future electronic circuitry. Among the new
circuits are Fairchild’s new 12L RAM which puts 4096 bits of bipolar memory on a single chip,
a 16-bit minicomputer controllier on a single chip from Toshiba, Intel’s n-channel static RAM
which breaks the 100-ns speed barrier, and a 4k static RAM from American Micro Devices
which operates from 5 volts (a first at that density level). Also described was a continuously-
charge-coupled random-access memory (C3RAM) from Siemens in Germany that shows
promise for 65k integration. It all adds up to another exciting year for digital electronics.

Jim Fisk, W1DTY
editor-in-chief
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the little surprise

The IC-22A has caused some pretty big surprises since it first started making waves in
VHF-FM. Veteran operators have been delightfully surprised by its sophisticated styling and
ease of operation; FM beginners, by its versatility, large number of possible channels, and its
great value as a starter unit for FM transceiving; and all owners, by its unexcelled high
quality construction and low maintenance problem record, [COM traditions. The competition
was in for a big surprise as it raced past everything in its field to become the most popular two
meter crystal controlled radio on the market. Surprise. Surprise.

But the IC-22A’s best surprise is the little surprise, its price. surprise. The little radio with all
the big surprises is also the best FM transceiver value available. Engineered for versatility
and sophistication: priced within the reach of the most mod-
est beginner. Whether the IC-22A is your first FM or your
last, you're in for a little surprise.

SEMICONDUCTORS
THANSISTORS 22

FET 4 POWER OUTPUT HI 10 Watts, LO 1 Walt
IC 3 BANDWIDTH (TRANSMITTED) 15KHz with 5KHz deviabon
DIODES 16 MICROPHONE DYNAMIC 500 Ohms
SENSITIVITY 4 microvolts for 2008 quieting
FREQUENCY RANGE 146- 14BMHz 3 microvolts for 12DB SINAD
INTERMEDIATE FREQUENCIES 10.7MHz First |F
CHANNELS 22 455KHz Second |F
MODULATION Phase, F3 MODULATION ACCEPTANCE 7KHz peak dev. freq. less than 3KHz
VOLTAGE 13.8 (15%) RECEIVER BANDWIDTH +( - 13KHz more than - 6DB
SIZE 58x 156x2305 (dim in MM) +/-23KHz more than - 60DB
WEIGHT 1.7 kilos AUDIO POWER 1 Watt into 8 Ohms
VHF UHF AMATEUR AND MARINE COMMUNICATION EQUIPMENT Distributed by:
ICOM WEST, INC. ICOM EAST, INC.
Suite 3 Suite 307 _
13256 Northrup Way 3331 Towerwood Drive
Bellevue, Wash. 98005 Dallas, Texas 75234
(206) 747-9020 (214) 620-2780

More Details? CHECK—OFF Page 110 april 1976 [l 5
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EXCELLENT AMATEUR RADIO PR has resulted from Amateur Operators' extensive on-going
contribution in Guatemala. For example, WB2JSM at the Hall of Science Radio Club in
Flushing, N.Y. got coverage in both the New York Daily News and New York Times plus CBS
TV nationwide exposure for what ended up as a 'round the clock message handling opera-
tion. The Red Cross put out an extremely laudatory press release on the Amateur's role
in the disaster, and those Amateurs who called their local papers and broadcast stations
found very receptive ears.

LONG AWAITED RACES DOCKET has finally received FCC approval and in effect gives the
Radio Amateur Civil Emergency Service to Radio Amateurs. In their Report and Order on
Docket 19723 the Commissioners discontinued the requirement for RACES communications
plans, FCC certifications and authorizations. It also permits RACES station Licenses
to be issued directly to civil defense organizations, and provides for the shared use
of all the Amateur frequencies by RACES on a first-come, first-served basis except
during emergencies requiring invocation of the President's War Emergency Powers.

Control Operators of RACES stations will have to be licensed Amateurs, and operating
privileges for RACES operators will be identical to those of the Amateur Service. Use
of RACES stations will be limited to bona fide emergencies plus up to one hour per week
of drills and tests.

Existing RACES Stations may continue to operate under existing authorizations and
the old rules until their present licenses expire. Any presently licensed RACES station
whose license expires less than 18 months after the March 23, 1976 effective date of the
Report and Order is also permitted to renew the present license for one additional year.

10 METER REPEATERS will now be permitted according to an Order just released by the
FCC. Inputs and outputs for in-band ten-meter machines must lie between 29.5 and 29.7
MHz, and cross banding to ten meters will be tricky since the rule change specifically
prohibits repeating the transmissions of an Amateur not authorized to operate on the
28-MHz band.

AMATEUR EXTRA CLASS licensees who wish to have the Extra Class certificate should
make a written request to the FCC Field Office at which they took the examination.
Requests must include a photocopy of the Extra Class license — any requests that go
to Washington or Gettysburg will be returned without action.

OSCAR ARTICLE by K3RXK in February Popular Mechanics is a beautifully presented,
outstanding presentation of the Amateur space program. Highly recommended reading.

Too Much Power May be being used by as many as 95% of OSCAR users responding to the
AMSAT Newsletter poIf. Based on equipment and antennas reported, most users should
cut back to avoid exceeding the design ERP levels.

OSCAR Users Should start checking 29510 during stateside passes for current news.
That frequency has been suggested as an "AMSAT traffic" frequency, primarily for con-
trol stations, but general users would profit by learning of schedule changes and
other operating modifications as they occur.

Regular "QRP Nights'" on the two OSCARs have been suggested by KIHTV — Rich has
worke countries while running 1 watt input and recently QSOed W2BXA with only
0.1W ERP! He'd like user suggestions as to how an on-going low power program could
be set up for satellite users — write his Callbook address.

OSCAR 8 Projected Launch period is now starting to shape up, will probably occur
sometime in the winter of 1977-1978.

IDENTIFYING YOUR GEAR now increasingly important. For starters, make your markings
deep enough that they cannot be easily polished away and place them on the outside
wher

1

e they can be seen without tearing the radio apart. Then use:
Your Callsign: mnot much help to police, but best mark of all at a hamfest —
particularly one at which you and your loss are known; plus,
The rig serial number: too many radios have easily removed serial plates or
tags; plus,
3. Your drivers license number with state as "(NH)ABC-XXX-1234" — this gives
police anywhere a path back to you for your recovered gear; plus (optional),
4. Your telephone number with area code — another good way for police tracing, but
some don't Iike it because the thief might also be able to follow it; or,
5. Your name and address — easy to follow by police but just as easily by the thief.
Selling Or Buying — equipment so marked should not be a problem provided both buyer
and seller get and keep copies of a descriptive bill of sale. Buyers should also in-
sist that the seller verify his identity, since you're the one stuck if the rig is hot
and you can't get back to him.

TWO MAJOR DX CONVENTIONS have settled on September meeting dates — DXPO 76 is set
for September 25 in Reston, Virginia, and W9-DXCC will be September 11 in Chicago.
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Dentron Amplifies
America

We took the most desirable and important features
and engineered them into the all new Dentron
Continuous Duty 160-10 meter amplifier.

o c s

. TRANSMIT

160-10L Specifications

Size: 7Va"Hx142"Wx14"D
Weight: 43 Ibs.
Frequency Range: 1.8 MHz (1.8-2.5) 3.5 MHz (3.4-4.6)
7 MHz (6.0-9.0) 14 MHz (11.0-16.0)
21 MHz (16.0-22.0) 28 MHz (28.0-30.0)
Power Input: SSB 1200 P.E.P. Continuous
CW 1000 watt DC Continuous
SSTV 1000 watt DC input 25 minute continuous
RTTY 1000 watt DC input 25 minute continuous
TUNE 1000 watt DC input 15 minute continuous
Output impedance: 50-75 ohms Pi network wide range
VSWR not to exceed 2 to 1
Third-order Distortion: Down at least 30 db

Meter Selector Switch-plate, voltage, Plate Current
Built-in Antenna change over relay

Dual-speed Cooling System

AC Input Source 110V or 220V AC, 50-60 Hz
Automatic Circuit Breaker Protection

160-10L Features

® 160 thru 10 meters
® 1200 walts P.E.P. on SSB continuous
® 1000 watts DC on CW, RTTY or SSTV
® “On demand" Variable forced air cooling system
® Self contained continuous duty power supply
® 4-811A Triodes in Grounded Grid mounted
in cooling chamber
® Compact, low profile, solid, one-piece cabinet, tube cooling
chamber eliminates need for perforated cabinet.
® Covers MARS Frequencies without modifications
® Broadbanded inpul and output circuit
® 70 watt drive for maximum legal input

Denlron_ sz
Twinsburg, Ohio 44087

Radio Co., Inc. (216)425-3173

Another surprise from Dentron, but the biggest surprise of all is the price.
Just $499.50 Post paid USA from Dentron Radio Co., Inc.

Also available from your favorite dealer.

All Dentron products are made in U.S.A.
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the TR-2200A

Kenwood's high performance portable 2-meter FM

transceiver . . . completely transistorized, rugged and

compact.

12 channel capacity. Built in telescoping antenna
can be easily replaced, or stored in carrying case.
Connector for external antenna also. External 12 VDC
or internal ni-cad batteries, complete with 120 VAC
battery charger. 146-148 MHz frequency coverage.
12 channels, 6 supplied. Battery saving “‘light off”
position. Hi-Lo power switch (2 watts —400 mW).
Sensitivity: 0.5 uV or less/26 dB S+N/fN. Built-in
speaker. Size: 5-3/8"x 2-5/16"x 7-1/8",3-3/4 lbs.
Complete with Dynamic mike, 0~T S carrying case,
all cables, speaker/headphone plug and 10 Ni-Cad
batteries. Amateur net... $229.00.

the TR-7200

Kenwood's superb 2-meter FM mobile transceiver.
Designed to withstand the most severe punishment
while providing consistently excellent performance.

Packed with features
like the PRIORITY
function. . . Put your
favorite crystals in
channel 7, and the
7200A automatically returns to that frequency when
it senses activity there. 146-148 MHz coverage, 22
channels, 6 supplied. Completely solid state. Voltage
required: 13.8 VDC. Antenna impedance: 50 ohms.
Frequency adjusting trimmers on every crystal. RF
output power: 10 watts (or 1 watt at low power).
Adjustable frequency deviation (factory set at +5
kHz). Automatic VSWR protection. Receiver sensi-
tivity less than .5 uV for 27 dB. Selectivity: 12 kHz/
-6 dB and 24 kHz/-70 dB. Size: 7-1/16"” Wx
2-3/8”Hx9-7/16" D, 5-1/2 lbs.

Complete with dynamic mike, DC power cord, mobile
mount, mike hanger, auxiliary connector and external
speaker plug. Amateur net. .. $249.00.

The perfect companion to the TR-7200A is the PS-5
AC/DC power supply. Together they provide an
efficient and handsome base station. The PS-5 is
complete with a digital clock and automatic time
control feature built in. Amateur net. .. $79.00.

TRIO-KENWOOD COMMUNICATIONS INC.



POWER SEND CEN NB

REC s

PHONES
Fm

MODE

REPEATER

NORMAL

OFF

IS-700A

@ KENWOOD 2m ALL MODE TRANSCEIVER
AT

TONE

use

cw
= @) - { §
[
1

KENWOOD’S TS-700A finally fulfills the
promise of 2-meters...more channels, more
versatility, tunable VFO, SSB-CW and, best of
all, the type of quality that has placed the
Kenwood name out front.

« Operates all modes: SSB (upper & lower),
FM. AM, and CW

= Completely solid state circuitry provides
stable, long lasting, trouble-free operation

» AC and DC capability. Can operate from
your car, boat, or as a base station through
its built-in power supply

« 4 MHz band coverage (144 to 148 MHz)
instead of the usual 2

« Automatically switches transmit frequency
600 KHz for repeater operation. Just dial in
your receive frequency and the radio does
the rest Simplex repeater reverse

» Or do the same thing by plugging a single
crystal into one of the 11 crystal positions for

your favorite channel

« Qutstanding frequency stability provided
through the use of FET-VFO

« Zero center discriminator meter

» Transmit/ Receive cabability on 44 channels
with 11 crystals

« Complete with microphone and built-in
speaker

» The TS-700A has been thoroughly field-
tested. Thousands of units are in operation
throughout Japan and Europe

The TS-700A is available at select Kenwood
dealers throughout the U.S. For the name of
your nearest dealer, please write.

16

E ALONDRA/GARDENA, CA 90248

KENWOOD

... pacesetter in amateur radio

T

TRANSMIT/RECEIVE FREQUENCY RANGE
144-148 MHz

MODE SSB. FM.CW. AM

RF OUTPUT. CW. FM more than 10W output
AM more than 3W output. S58° more
than 20W DC input

ANTENNA IMPEDANCE: 504! (unbalanced)

CARRIER SUPPRESSION Better than 40 dB

SIDE-BAND SUPPRESSION Better than 40 dB

SPURIOUS RADIATION: Less than -60 db

MAX FREQUENCY DEVIATION (FM) =5 kHz

REPEATER FREQUENCY SHIFT WIDTH
600 kHz

TONE BURST TIME 0.5 1.0 sec

MODULATION: Balanced modulation for $58
Variable reactance frequency shift for FM
Low power modulation for AM

MICROPHONE Dynamic microphone, 5004

AUDIO FREQUENCY RESPONSE 400-2600 Hz.
withun =9 db

RECEIVING SYSTEM: SSB. CW. AM Single
superhelerodyne FM: Double
superheterodyne

INTERMEDIATE FREQUENCY SSB CW. AM
10.7 MHz. FM 1st IF 10 7 MHz. 2nd IF

455 hHz

RECEIVING SENSITIVITY SSB, CW S/N = 10
dB or better at 025,V 20 dB nose
quieting = Less than 0.4,V AM: S/N
10 dB or better at 1pV

IMAGE RATIO: Better than 60 dB

IF REJECTION: Better than 60dB

PASS BANDWIDTH SSB. CW, AM: More than

2.4 kHz a1 -6 dB. FM, More than 12 kHz at
-6 dB

RECEIVER SELECTIVITY: SSB. CW. AM: Less
than 4 8 kHz at -60 dB. FM: Less than
24 kHz at -60 dB

SQUELCH SENSITIVITY: 0.25uV

AUDIO QUTPUT: More than 2W at BY load
(10% distortion)

RECEIVER LOAD IMPEDANCE 80

FREQUENCY STABILITY Withun = 2 kHz during
one hour after one minute of warm up
and within 150 Hz dunng any 30 minute
penod therealter

POWER CONSUMPTION: Transmit mode 95W
(AC 120/220V). 4A (DC 13 BV), max
Recewe mode (no signal) 45W (AC 120/
220V), 0 8A (DC 13.8V)

POWER REQUIREMENTS. AC 120/220V,
50/60 Hz DC 12-16V (13 BV as reterence)

DIMENSIONS 278 (W) x 124 (H) x 320 (D) mm

WEIGHT 11 kg

SUGGESTED PRICE: $700 00

Prices subtyect to change without nolice



programmable

contest keyer

A CW man’s keyer
featuring

high memory capacity,
operating convenience,
and reasonable cost

10 8 april 1976

A programmable memory keyer is a desirable asset in
contest work. It can handle much of the repetitive work
while you check dupes, fill out the log, or just take a
break. The few programmable keyers on the market all
have some desirable features, but they lack the capacity
and automatic memory control necessary for smooth,
high-speed contest operating. A programmable memory
keyer is also needed that the average amateur can afford.
The keyer described here has been designed to meet
these needs.

Major design objectives included high memory capa-
city, low cost, and operating simplicity for both program
and readout modes; manual, semiautomatic, or fully
automatic operation; nonvolatile, nondestructive mem-
ory readout; and convenient size. The design is centered
around the Intel P2102, a 1024-bit static programmable
random access memory (PRAM) in a 16-pin package.”
This IC was selected because it requires no refresh cir-
cuitry as do dynamic PRAMS, only a single +5 volt
power supply is required, all inputs and outputs are fully
TTL compatible, and it's readily available at reasonable
cost.

description

The keyer (fig. 1) is designed so that manual opera-
tion with a paddle or bug will always override the mem-

*Intel, 3065 Bowers Avenue, Santa Clara, California 95051

By Howard F. Batie, W7BBX, 12002 Chevoit Drive,
Herndon, Virginia 22070
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fig. 1. Simplified block diagram of the programmable contest keyer designedby W7B8BX. Features include iambic keying,
four selectable 512-bit memories, built-in sidetone oscitlator, and solid-state transmitter keying.

ory readout. Operation is identical to that of a conven-
tional digital iambic keyer when the memory section
isn't used. The popular clock and iambic keyer described
by Garrett! were modified slightly to interface with the
memory. The synchronous clock begins at the instant
the paddle is closed and runs for two clock pulses after
character generation ceases. The self-completing char-
acters are perfectly formed and spaced throughout the
speed range, and character generation is jam-proof.
Speed is continuously and smoothly variable from about
8 wpm to well above 60 wpm. The dot memory allows
automatic insertion of a dot while holding the dash pad-
dle closed. Similarly, a dash may be inserted while hold-
ing the dot paddle closed. lambic operation allows alter-
nate perfectly spaced dots and dashes to be generated
when both paddle arms are simultaneously closed. An
external manual key or bug can be used directly instead
of the paddle and will control all keyer and memory
readout functions.

Solid-state output keying for all inputs (paddle, exter-
nal manual key and memory readout) is incorporated.
The keyed output is directly compatible with most pop-
ular cathode-keyed and sidetone/vox actuated and grid-
block-keyed transmitters; two output keying jacks, one
for positive-keyed voltages up to +150 volts and one for
negative-keyed voltages up to - 150 volts, are simultane-

ously available on the rear panel. However, if your trans-
mitter is cathode keyed and 100 mA or more flows
through the keyed circuit, an external pass transistor or
keying relay may be required. A twin-T audio oscillator
and amplifier provide a sinusoidal sidetone waveform
that drives an internal 8-ohm permanent-magnet speaker
with sufficient audio to perform well in a moderate am-
bient noise environment. Volume is adjustable, and the
pitch is variable from about 400 to 1500 Hz. The inter-
nal sidetone oscillator is activated only during the edit
mode; that is, for off-the-air programming or checkout
of a programmed message. During transmit, or while pro-
gramming on the air, the transmitter sidetone oscillator
would be used in the usual manner. If your transmitter
doesn’t have an internal sidetone oscillator, a minor wir-
ing modification to the function switch S1A terminals
will permit the keyer’s internal sidetone oscillator to be
used in both edit and transmit modes. A tune position is
incorporated for tune-up purposes.

memory readout

With S5 in readout (fig. 1) and the stored message to
be transmitted selected by S6, readout is initiated by
depressing S2. This starts the clock, and the clock pulses
are fed to the binary address generator (BAG), which
includes nine tandem flip-flops. As the flip-flops cycle

april 1976 [ 17
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fig. 2. L.ogic diagram of the keyer board for the programmable contest keyer. Designations 2-C, 2-L, etc., indicate connections to
board 2 (fig. 3). St is a 3-pole, 4&-throw shorting-type rotary switch. All resistors are s watt, 10%.

through 511 successive counts, their BCD output is
applied to the nine address lines of the selected memory
section, and the addressed information stored in each
memory cell is automatically presented to the memory

12 [ april 1976

chip data out terminal. |f desired, memory readout can
be halted in mid message by depressing S2 again before
completion of the entire readout sequence. Further
memory readout is inhibited until S2 is again depressed;



memory readout will then continue from the point at
which it was interrupted (semiautomatic operation). On
the 511th clock pulse fed to the binary address genera-
tor, the BAG returns to all zeroes on the nine output

erator. Depressing S4 during the first seven-eighths of the
message readout sequence resets only the binary address
generator to the message beginning, which is then auto-
matically repeated. Thus, if “CQ TEST DE W7BBX/4""

MEMORY
RESTART
DELAY

REMOTE
START
PADDLE ‘sTOP

Controls and receptacies on rear panel. Although not labelled, one jack is for grid-block keying;
the jack labelled ''to xmtr key' is for cathode-keyed transmitters.

lines (end of program readout). The downward transi-
tion of the highest significant memory address line is
unique and signifies “‘end of program,” or EOP. This
EOP transition automatically stops the clock, and all
control circuitry is simultaneously reset to begin another
readout sequence when S2 is next depressed.

Rear-panel provisions are made for remotely starting
the memory readout sequence. A separate spst switch in
parallel with S2 at J5 can control both start and stop
functions; for example, a simple foot switch can be used
to free your hands for the paddle or logging. Alterna-
tively, any external circuit that provides a negative-going
TTL-compatible pulse can trigger readout. (One possible
application might be synchronization to WWV for
moonbounce, meteor scatter, or satellite relay
operations.)

When the memory readout cycle is initiated, the
green cycle indicator (11) lights continuously until
87.5% of the memory contents have been read out; at
which point it begins to flash to indicate “nearing end of
program.” When the message has been completely read
out, the green light extinguishes. Depressing S3 at any
point in the message readout cycle stops the clock and
resets all control functions and the binary address gen-

were programmed into the memory, selective repeats by
S4 can modify the transmitted message to, for example,
“CQ CQ TEST CQ TEST DE W7BBX/4." The increased
memory capacity over that of many presently available
keyers allows a message length up to that of "“The quick
brown fox jumped over the lazy dogs back™ to be pro-
grammed into each of the four separate memories.

An essential feature of a contest keyer is the ability
of the paddle to override the memory readout to insert
exchange number and/or signal reports in the middle of
a programmed message (fully automatic operation). The
memory interrupt feature allows you to manually break
into any point of the memory readout cycle merely by
activating either the paddle or external manual key dur-
ing memory readout; memory readout is instantly inter-
rupted and remains interrupted as long as manual keying
continues. When manual keying stops, an adjustable 1-
second delay is introduced by the memory restart delay
before the keyer automatically allows memory readout
to continue from the point at which it had been inter-
rupted. Memory restart does not have to be manually
commanded. Thus, a programmed contest message of
“DE W7BBX/4 NR 599 VA BK' can be sent correctly
by manually inserting the contest exchange number be-

april 1976 [ 13
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tween NR and 599 during memory readout. Memory
contents previously stored in the array are automatically
prevented from being inadvertently transmitted while
the memory is in a hold condition during manual keying.

memory programming

Placing S5 in the write position automatically pro-
grams a logic zero in the first cell, steps the binary

Chassis top view showing memory board, sidetone oscillator
speaker, and power supply transformer.

address generator to the second cell, and causes the red
cycle indicator (12) to light immediately, even though
the clock is not yet running and nothing is being written
into the memory register. The clock is started and pro-
gramming begins automatically merely by activating the
paddle. During the write sequence, the clock operates in
a "'semi-synchronous’ mode: while keying normally with
the paddle, operation is fully synchronous; if character
generation ceases, the clock continues to run asynchro-
nously through the remainder of the message capacity,
and logic zeroes are programmed to erase any previously
stored message.

The red cycle indicator begins blinking when 87.5%
of the memory has been programmed and returns to
steady red at the end of the programmable capacity; this
reminds you to place Sb to the read position before initi-
ating a readout sequence with S2, or again activating the
paddle before a new memory register is selected by S6.
Otherwise, the message contents just programmed might
be erased.

With S5 in the write position, the write pulse genera-
tor is activated. The binary address generator ‘advance”
pulses toggle the BAG on the leading edge of each posi-
tive-going pulse, while each trailing (falling) edge triggers
the write pulse generator to provide the negative-going
write command to the memory array. Thus, correct tim-

ing occurs for accurate memory cell selection and for
writing into the selected cell the logic level that appears
on the data-in line (keyer output) at the instant of the
write pulse. S1 and Sb are independent, so the keyer
may be programmed on the air (S1 in transmit mode) or
off the air (S1 in edit mode).

power supply

Although the Intel P2102 has nondestructive memory
readout (stored information is not lost during readout),
loss of power to the memory chip causes loss of the
entire stored information (the memory chip is volatile).
To keep Murphy and his despicable laws out of the
memory, a no-break trickle-charged nicad supply is
recommended. Such a charger will preserve keyer
memory contents for about 2 to 3 hours, which will
eliminate reprogramming when your Field-Day generator
runs out of gas. Completely discharged nicads will be
recharged in about 20 hours.

remote operating control

Provisions can be made on the rear panel of the
contest keyer to accommodate a remote operating con-
trol which can be conveniently placed next to your
paddle or bug.” The remote unit controls those keyer
readout functions which are most necessary during a
contest: message SE'EC‘[iOI"I, message start, message re-
peat, and message reset. Depressing any one of the four
message select pushbuttons antomatically selects that
message, resets the memory to the message beginning
and starts meassage readout. Since message selection is

Front panel of programmable contest keyer. Set and forget
controls, and input and output jacks, are on rear panel.

*Schematic diagrams for the power supply and remote-control
unit will be sent to interested readers upon receipt of a stamped,
self-addressed envelope.
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independent of the last message sent, successive selec-
tions of the same message immediately repeats that
message from its beginning. A separate reset pushbutton
is included to immediately stop the readout sequence.

HFB ENTERPRISES
PMK-1R

Remote control unit for the programmable contest keyer
provides control of all major keyer functions,

The remote cabinet selected (LMB CR-531) is ap-
proximately 1x3x5 inches (2.5x7.5x1.3cm) and houses
the five pushbuttons, the printed-circuit board and four
optional panel lights which indicate the selected mes-
sage. Connection to the keyer is made by a plug-in,
shielded, 8-conductor cable. All power for the remote is
derived from the keyer, and removal pf the remote cable
from the keyer does not affect keyer operation.

construction

Panel clutter was avoided by automating as many
memory-control functions as possible. Most-used con-
trols are on the front panel; others are mounted on the
rear of the keyer. An LMB CO-3 enclosure was used. The
circuit is mounted on three PC boards: one for the basic
iambic keyer, output keying, and sidetone oscillator;
one for all memory functions; and one for the power
supply.t

If desired, the keyer may be built without the
memory board and used as a conventional iambic keyer

16 Ul april 1976

and the memory may be added later. No keyer-board
changes will be required and only four wires need be
interconnected between keyer and memory board. The
PC-board layout allows all memory-board wires and con-
nections to be added without removing either keyer
board or power supply from the cabinet.

A high degree of rf immunity is achieved by a) using
TTL instead of CMOS devices, b) providing rf bypassing
on all paddle and keying leads, and c) providing a
grounding bond between cabinet sections. The keyer has
been successfully kilowatt tested at a 3:1 vswr from 80
through 10 meters.

summary

The trade between performance, cost and circuit sim-
plicity is sometimes difficult, For this project it was de-
cided to opt for a capacity of four 512-bit messages and
gain the advantages of paddle-programming and fully-
synchronous operation at the expense of increased cir-
cuit complexity. This decision has been proved by the
keyer's flexible, reliable, and unconfusing operation.
This keyer has been a most useful operating aid both at
home and in the field under generator power (thanks to
the nicads). I'd like to thank the members of the
Potomac Valley Radio Club for their constructive com-
ments, suggestions and support,

Underchassis view showing battery receptacies
and power-supply wiring,

A set of double-sided PC boards with plated-through holes plus
assembly and operating instructions are available from HFB
Enterprises, Post Office Box 667, Herndon, Virginia 22020. The
price is $30.00 post paid. Included are step-by-step assembly
instructions, a complete parts list, operating instructions, and a
full set of drill templates for the LMB CO-3 and LMB CR-531
cabinets.

reference

1. James Garrett, WB4AVVF, “The WB4VVF Accu-Keyer,” QST,
August, 1973, page 19.
ham radio
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design ideas for miniature
communications receivers

A collection
of miniaturized
receiver circuits

including the
Minicom Mk III,

a five-band converter,
an 80-meter tuner
and two complete

I-f and audio systems

18 april 1976

| wrote my first article for an amateur
publication in 1971.1 Writing was some-
thing | had always wanted to do but
until then | had never gotten up enough
courage to try it. After several weeks of
writing, rewriting and drawing circuit
diagrams, | felt | had something that
might be accepted by the editor. When
it was finally published | discovered
what the real rewards were: letters came
in from all over the country and from
many DX locations. | not only had a
great time answering all these people
and swapping ideas with them, | made
many new friends with whom | still cor-
respond.

Of all the articles |'ve written since
then, only my most recent one gener-
ated as much enthusiastic response as
the first. Both of these articles discussed
receivers and miniaturization; evidently

this is a favorite topic with the majority
of readers. If you found the Minicom?2
interesting, read on.

The original Minicom packed a lot of
performance into a small package, but

[ ™ (e e
— e —
Y ot SAS Y

l'[ -.':__Jll_‘ __,[,;,\_,_,‘,,_, ‘L_ 221 %J

12

fig. 2. Bottom view of inductor L1 and trans-
formers T1 and T2. All coils are wound with
salvaged wire on standard 3/8" (10mm) i-f
transformers.

even before the article had been pub-
lished a new version was on my work-
bench. It packed even more perform-
ance into the same space and was called
the Mk I1. If you were among those who

Ray Megirian, K4DHC, Box 580, Deerfield Beach, Florida 33441



wrote to me regarding parts for the
Minicom, you already know about the
Mk Il as an information package was
made available to interested builders.
Since then the Mk Ill has been devised
and will be discussed here along with
several other useful assemblies for
ssb/CW receiver construction.

Minicom Mk 111

My particular use for the Minicom
has been as a tunable i-f for use with an
external converter for all-band coverage
up to 30 MHz. Several such converters
have been built in very compact form so
that, when teamed up with the Minicom
assembly, it results in a very diminutive
multi-band communications receiver.

Development of the Mk Il receiver
was undertaken for several reasons.
First, | was interested to see if the re-
ceiver could be made smaller without re-
sorting to techniques that would be im-
possible to duplicate. | also wanted to
determine the feasibility of substituting
varactor tuning for the three-gang tun-
ing capacitor. If successful, the latter
would not only eliminate a major hard-

fig. 1. Circuit dia-

gram of the Mkill
communications re-

ceiver which wuses -
tuning diodes. Re- [

71

move pins 4, 6 and anr : ]g H =
8 from the L
SG3402T IC before 7

installing it on the
circuit board. De-

tails for L1, T1 and

< [ |22m
<ok SPEAKER

fig. 3. Printed-circuit layout for the Mk 11l communications receiver.

to-find component, it would make mini-
aturization a reality.

Some time ago Motorola announced
their MVAM-1 triple tuning diode and it
was this item that encouraged me to go

T2 are shown in fig.
2. All resistors are Ya
watt, 5%.

3

ahead with my investigation of an elec-
tronically-tuned Minicom. Although de-
signed for tuning a broadcast-band re-
ceiver, a study of the MVAM-1 data
sheet led me to believe that diode Q
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band L1
40 20 turns no, 36 (0.13mm),
2 turn link
20 12 turns no. 28 (0.3mm),
1.5 turn link
15 7 turns no. 28 (0.3mm),
1 turn link
10 4 turns no, 28 (0.3mm),
1 turn link

L2 L3 Y1

20 turns no, 4.7 uH 11 MHz
36 (0.13mm)

12 turns no. 2.2 MH 18 MHz
28 (0.3mm)

7 turns no, 1.5 uH 25 MHz
28 (0.3mm)

4 turns no, 1.5 UH 25 MHz
28 (0.3mm)

fig. 4. Five-band converter for use with the Mk Ill communications receiver. In this design the
25-MHz crystal is used for both 10 and 15 meters. Complete coverage of the 10-meter band
requires additional crystals, Inductors L1 and L2 are wound on 0.215" (5.5mm) diameter PC-
mount coil forms with Carbony!l-E (red) cores, Molded rf chokes are used at L3,

Interior of the smaller receiver. The Mk 11
board assembly is mounted on standoffs to
the sub-chassis (top). The converter is in the
foreground and the power supply is on the
rear panel,
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would be high enough at 4 MHz to pro-
duce a pretty good receiver. The final
results achieved with a breadboard re-
ceiver were quite satisfactory and led to
the layout shown here. The board is 2.5
inches (65mm) wide by 3-7/8 inches
(100mm) long. The Mk Il is 3.75 inches
(95mm) square. The schematic of fig. 1
shows the circuitry for the receiver
which tunes from 3.5 to 4.0 MHz using
approximately 80 percent of the tuning
pot rotation. Tracking is good within
these limits but starts to deteriorate at
the extreme ends of the resistance
element.

One big advantage of the diode tun-
ing system is mounting flexibility. Since
tuning is accomplished with a potentio-
meter at the end of a three-wire cable,
the receiver may be mounted anywhere
in the cabinet without worrying about
exact positioning or shaft alignment.

To make tuning easier, some sort of
reduction drive is needed, just as with
conventional tuning systems. Perhaps
the reduction drives that are the easiest
to find are the small Japanese vernier

dials which have better than 7:1 reduc-
tion. The built-in stops which limit
travel to 180 degrees can be eliminated
by snipping off the stop pin, thus allow-
ing continuous rotation.

Except for the mixer, which uses a
Silicon General SG3402T IC, the cir-
cuitry of the Mk Il is quite conven-
tional. Good results with this mixer
were achieved in the Mk Il so it was
used in the Mk 111 as well. The LM373H
once again does a commendable job in
the i-f section where two Murata
SFD-455D ceramic filters provide selec-
tivity. An LM380 replaces the MC1454
in the audio portion, adding the advan-
tages of electrical and thermal overload
protection. The bfo remains unchanged.

The 40-, 20-, 15- and 10-meter converter is at
the top. The electronically-tuned Minicom Mk
Il is on the right; on the left is the 80-meter
tuner.

diode tuning

A few words about the MVAM-1
might be worthwhile at this point since
that's what the Mk Il receiver is all
about. The three diodes are wired with a
common cathode lead and housed in a
tiny four-pin plastic package. Typical
capacitance at 1.0 volt reverse bias (Vg)
and f = 1.0 MHz is 480 pF. The capaci-
tance ratio is 15 (minimum) for reverse
bias between 1 and 25 Vdc. The three
diodes are matched within £1.5 percent
over the entire capacitance vs voltage



curve. Typical Q at Vg = 1.0 Vdc and f
= 1.0 MHz is more than 500.

Because of the large capacitance rat-
ing of these diodes, it was possible to
change the vfo configuration to a more
drift-free design. This new vfo circuit
drifts very little; so long as the receiver
is operated in a relatively stable tem-
perature environment, drift is prac-
tically nonexistent. The diode capaci-
tance temperature coefficient could be a
problem, however, if the receiver were
operated under widely varying ambient
temperature conditions. The diode capa-
citance temperature coefficient given in
the data sheet is typically 435 ppm/° C
at Vg = 1.0 Vdc and f = 1.0 MHz,

Another consideration requiring
strict attention with diode tuning is
voltage regulation. It stands to reason
that since the diodes are voltage-
controlled devices, the source of control
voltage must retain a high degree of
stability. A simple zener diode is far
from satisfactory in this application so
an IC voltage regulator (MFC6030) was
included on the circuit board to provide
the needed regulation. With the values
shown in fig. 1 the output is around 7
volts and the minimum input voltage to
maintain regulation is 10 volts. Spare
terminals on the circuit board allow
access to this regulated voltage for use
with other external circuits, if needed.
On the board the regulator supplies
power to both the vfo and bfo besides
providing a stable control voltage for
tuning purposes.

Standard 455-kHz transistor i-f trans-

The three versions of the i-f amplifier. With
noise blanker (top), without (right) and com-
pressor/filter version (left),
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formers were stripped and used for coil
forms as in all previous models of the
Minicom receiver. If you've forgotten
how to strip these devices, refer to the
original Minicom article for details.?
Any of the transformers (white, yellow
or black core) may be used for the bfo
transformer after one simple modifica-
tion. Unsolder the secondary (link)
leads from the base pins and gently
break off the wires where they dis-
appear into the bobbin. Substitute a
single-turn link wound over the existing
coils using a piece of salvaged wire from
the rf coils (see fig. 2). This change
assures proper bfo injection level for the
LM373.

multi-band converter

A suitable mechanical design for the
converter proved to be the most diffi-
cult problem of all to solve. After

I-F_AMPLIFIER AUDIO

10 4F
*

— v

hall R el

BFO

620

2N3819

fig. 5. I-f and audio amplifier circuit. Two
methods are shown for coupling into the ampli-
fier, The noise blanker may be deleted, if de-
sired. Printed-circuit layouts are shown in fig. 6
(with noise blanker) and fig. 7 (without noise
blanker). All resistors are Ya watt, 5%.

numerous attempts it looked as if the
converter would occupy as much space
as the Minicom; this put a big dent in
my miniaturization program. | finally
solved the problem by using three sepa-
rate circuit boards instead of one. The
heart of the assembly is the bandswitch,
around which everything else is built.
The miniature bandswitch was a surplus
item originally manufactured by Oak
and has seven 1-inch (26mm) wafers, six
of which were single pole, eight position
devices. The seventh wafer had a weird
switching arrangement which was of no
use. Since only five poles were needed,
this last deck plus one of the others
were removed. The added space was
taken up by two of the circuit boards
and some suitable spacers. A shield was
also installed between sections.
Unfortunately, these surplus switches
were a one-time deal and | don't know
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fig. 6. Printed-circuit component layout for
the i-f and audio amplifier with noise blanker.

where you can get any of them now, so
any detailed assembly instructions for
the converter would be useless. How-
ever, if you have the skill required to
build any of this equipment, you
shouldn’t find it too difficult to come
up with a layout to fit your own com-
ponents. A schematic of the converter
I used is shown in fig. 4.

In my converter only the 28.5 to
29.0 MHz segment of 10 meters is
covered. For additional coverage, you'll
need additional crystals. The rf section
should require no changes to cover the
entire 10-meter band. The two-gang tun-
ing capacitor used to peak the converter
front end is a tiny film dielectric type
removed from a transistor fm radio. If
you use one of these, a shaft has to be
made.

i-f and audio

Occasionally the need arises for an i-f
system which you can use for testing
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new tuners or front ends. At other times
this sectionalized construction techni-
que is the only one which will allow
cramming everything into the available
space. In either case, one of these i-f
modules may be just what you need.

An inspection of the schematic in fig.
5 reveals that the circuit is identical to
that used in the second half of the MK
Il. An LM373H IC with two Murata
SFD-455D ceramic filters fulfills the re-
quirements for i-f amplifier, detector
and agc functions. The bfo is identical
to the Mk 111 as is the LM380 used for
the audio amplifier.

If desired, a noise blanker may be in-
cluded ahead of the i-f input by making
the circuit board slightly longer. In
either case, the board is 1.75 inches
(45mm) wide with a length of 3-3/8
inches (86mm) for the simple version
and 4-5/8 inches (117mm) with the
noise blanker,

The circuit for the noise blanker is
similar to one used in a commercial
Japanese two-meter ssb transceiver. A
reader in West Germany, Earl Lagergren,
sent me the circuit after reading my arti-
cle on a solid-state noise blanker.3 Since
this noise blanker circuit requires no
special components and works at vari-
ous i-f frequencies, |'ve included it here
as a worthwhile addition to your pot-
pourri of receiver circuits.

One of the complete receivers shown

fig. 7. I-f and audio amplifier printed-circuit
layout. Circuit board which includes a noise
blanker is shown in fig. 6.

in the photos uses this tuner, the four-
band converter and an i-f and audio
system (described later), It is identical
to the rf and mixer stages of the Mk 11
which some of you are familiar with.

Interior of the larger receiver. The tuner was mounted on edge with the converter right behind it.
The i-f, compressor/filter assembly is mounted on the sub chassis to the rear. A power supply is

installed on the rear panel.




The three-gang tuning capacitor is T
U” LJ" LJ?T the same as that used in the original T
[”;;,”! [,w'{;,;;! E"";,"'J Minicom receiver. The two 22 pF pad-
8 g ding capacitors for the rf and mixer
LE tank circuits are mounted directly on
fig. 9. Bottom view of transformers T1, T2 the variable capacitor before it is in-
and T3 used in the 80-meter tuner. All coils sta"w on the board' These two sections
are“wnund with salvaged wire on standard also have built-in mica trimmers for
3/8" (10mm) i-f transformers. ! :
tracking adjustment,
An extra stage of i-f was included on
the tuner board to overcome the inser-
Included on the tuner board is a Murata tion loss of the ladder filter. A
CFS-455J ceramic ladder filter which SG3402T IC is used in the mixer sec-
provides 3 kHz bandwidth at 6 dB down tion; pin 6 must be removed before
and superior skirt selectivity to systems mounting the IC on the circuit board.
using the SFD-455D filters. 5 :
The rf stage shown in fig. 8 incor- i-f and audio system
porates one of the newer types of mos- Some time ago | wrote an article
fet, a dual-gate n-channel enhancement describing a complete audio system for
mode, Signetics type SD304. These use in a communications receiver.® This
transistors operate with all-positive bias system consisted of a tunable filter, an
which may be of interest to anyone who audio agc system and a power output
has been looking for an agc system not stage and drew pretty good response
requiring a dual polarity power supply. from readers. In the version shown in
About 40 dB of agc range is possible fig. 11 the i-f stages have been included
with 0-6 volts applied to gate 2. This along with the compressor and tunable
circuit, however, uses a manual rf gain audio filter. The notch function, how-
control. ever, has been deleted and the circuit

T T2

fig. 10. Printed-circuit layout for the 80-
meter tuner,

e has been modified for single supply
gan operation.
P o In this circuit two op amps are used
in the compressor and two more in the
filter. Dual type NB558V units were
used and any of the equivalents from
other manufacturers may be substi-
tuted. An LM380 is once again used for
the audio output stage. The i-f portion
is the same as all previous LM373 con-
<o figurations except for the SFD-455D
S 20 filters. Since | used this assembly in con-
junction with the tuner which incorpo-
wav  rates the ladder filter, the other units
were not required.

i"' The trimmer resistor in the audio fil-
ter may be very simply adjusted for pro-
per operation. First set the trimmer for
maximum resistance by turning the ad-

Y justing screw counter-clockwise. Then
., turn the frequency control to the high

50304 end and set bandwidth to sharp. Hold

(aarrow your ears, turn on the power and flip

the filter switch to in. The filter should
0Gs cee take off with ear-shattering feedback.
it meaay Start turning the resistance trimmer

80T TOM) 80T ToM ) - p . -
aasacyy clockwise until oscillation ceases (add

(BOT TOM) g b

fig. 8. Circuit f 80-meter t hich i t ic ladder filter. An additional -t o additional half tuen for good
g. 8. Circuit for an -meter tuner which incorporates a ceramic ladder er. An a onal i- . i

stage is provided to compensate for the insertion loss of the filter. Remove pin 6 on the sG3so2y  Measure). Throw the filter switch back

IC before installing it on the PC board. Transformer construction is illustrated in fig. 9. Printed- and forth a few times to see how stable

circuit layout is shown in fig. 10. All resistors are Va watt, 5%. things are and adjust the trimmer some
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more if needed. The tuning range of the
filter should cover from about 500 to
2000 Hz.

It should be pointed out that caution
must be used when coupling into this
assembly. Note that the i-f input goes
directly to pin 2 of the LM373. A dc
path must be avoided at this point to

of them. There is nothing sacred about
any of the circuits so if you feel like
sneaking a piece from one and adding it
to another, it will give you a chance to
practice your skill at laying out new cir-
cuit boards.

No tuning or adjustment procedures
will be covered since it is assumed that

COMPRESSOR

2N4391

10 yF
+ o,

cabinet is 3xbx6 inches
(76x127x152mm). The larger receiver
uses the tuner, converter and i-f, audio
filter and compressor board described
above. It also has a built-in ac supply.
Cabinet size is 3x6x7 inches
(76x152x178mm).

All of the circuits operate from
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fig. 11. Combined i-f, audio compressor, ;': N F:’f
tunable audio filter and audio output sys-

LM380N-8 8

tem. Printed-circuit layout is shown in fig.

12.

prevent damaging the LM373. When
used with the 80-meter tuner described
above, a coupling capacitor is provided
on the tuner board to prevent shorting
pin 2 to ground.

Printed-circuit layouts are provided
here for all modules except the con-
verter. This should make it easy to dup-
licate any of the assemblies. The main
goal of this article, however, was to pre-
sent the widest selection of proven and
reliable circuits as possible in a single
package so that the greatest number of
readers could make use of at ieast one
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N5558v
(ToP)

LM3T3
(BOTTOM/

the average builder can accomplish that
on his own,

The photos show the various printed-
circuit assemblies which have been de-
scribed plus two receivers built from
some of this equipment. The smaller
receiver uses a Mk |l with the converter
described here for five-band coverage. A
small ac power supply is attached to the
rear panel inside the receiver and a plug
is provided for feeding in an external
12-volt dc source. A small speaker is
mounted on the front panel to make the
unit completely self-contained. The

2N3819
(BOTTOM!

8-0HM
SPEAKER

2N4391
(BOT TOM}

12-volt supplies and function well down
to 9 volts or up to about 14 volts, The
Mk I, however, includes a regulator
requiring a minimum of 10 volts for
proper operation. The copper border
around all the circuit boards is the com-
mon or supply negative and should be
grounded.

With the exception of the board con-
taining the audio filter, the only ex-
ternal components are operating con-
trols. In the case of the audio filter a
resistor and capacitor are wired point to
point between the front-panel controls.
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fig. 12. Printed-circuit layout for the combined i-f, audio compressor,
audio filter and audio output system.

This saves the extra leads that would be
required for going back and forth from
the board for these two items.

Before concluding, | should say
something regarding parts. Some substi-
tution is possible since there is nothing
special about a 2N5227, a 2N3819 or a
2N5223. The 40673 and 40841 can be
interchanged but not with the Signetics
SD304. The silver mica capacitors
should be small case sizes in most
instances to fit the PC layouts. The cer-
amic bypass and coupling capacitors
should be small, low-voltage discs.
These, as well as 1/4-watt resistors, are
readily available and should present no
procurement problems.

If you are interested in purchasing
some of the more elusive components
such as ICs, filters or whatever, drop me
a line with a self-addressed, stamped
envelope and advise what and how
many you need. If there is sufficient de-
mand for particular items, I'll try to
obtain what is needed.
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ham radio

missent ID

During intruder watching and obser-
vance of amateur signals, |'ve noticed a
considerable number of RTTY trans-
missions that have ended with an in-
accurately sent identification. In some
cases, these IDs were repeated in the
same incorrect manner on a later trans-
mission. In one occurrence the signature
was “WEMTMAI,"” but WBMTM doesn’t
have RTTY equipment. | recorded the
audio signal on the mark side, then ran
off an ink-line tape that clearly showed
the five-letter call sign but with more
than normal spacing between letters.

It appears that a local station had
some rf getting into an IC identifier,
causing problems. The operator by-
passed the leads to the identification

unit, which cleared up the problem. It
would be well for anyone using an IC
device to send his call and get help to
listen to the resulting ID. It should be
sent on full power and on every band on
which the device is used. Only in that
way can one be sure that the call always

is sent correctly.
Bill Conklin, K6KA

simple circuit
replaces jack patch
panel

Shown in fig. 1 is my solution to the
ever-present phone jack patch panel
used in amateur RTTY stations. | be-
came tired of the conventional panel

with cords breaking, so after a little
thought, | developed this circuit. The
diodes provide the necessary isolation
to allow the switch to select the loop
desired for a particular piece of equip-
ment.

Dr. Paul Lilly, K4STE

LOCAL LOoOP

RECEIVING LOOP

fig. 1. Simple jack patch panel replacement
for RTTY stations. Diodes CR1-CR4 provide
the necessary isolation, RTTY equipment
(printer, keyboard, etc.) is connected to A
terminals.
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circuit design
with the

The inexpensive

741 op amp IC is finding
extensive application

in electronics —

here are some tips

for using

this versatile device

in your own circuits

For several good reasons, the 741 operational amplifier
is enjoying wide popularity among amateur circuit
designers. It is inexpensive and readily available; several
mail-order supply houses are currently selling them for
about 35 cents each. The 741 requires no external fre-
guency-compensation networks, and this significantly
enhances the ease with which it may be used in circuit
development. However, there are several facts about
741s which, if known and understood, can minimize sur-
prises and make their use more predictable,

Those unfamiliar with op-amp theory are referred to
a rather extensive article that previously appeared in
ham radio.l That article covers general op-amp circuit
design criteria as well as several specific applications. |

741 op amp

The 741 op amp is available in several different pack-
ages, but the TO-5 metal can, much like a transistor with
eight leads, and the plastic eight-pin minidip package
seem to be the most popular. | prefer the minidip be-
cause it easily plugs into a dual-inline IC socket. Two
741s can be inserted in a 16-pin IC socket.

Fig. 1 shows the schematic symbol for the 741 op
amp with appropriate power supply and null pot cir-
cuitry. The nuil pot is used to set the dc output voltage
to zero in certain situations; however, in many circuits

INVERTING 2
INPUT O

NON-I{‘JNV'E(T,TING 3 © outpuT ngN. +V OPUUTT- NULL
OFFSET NULL n u u u
ADJUSTMENT P
= +
| h O TJ T [e

- 3
NULL ywpur vpuT TV

fig. 1. Schematic symbol for the 741 op amp showing power
supply and null pot connections. Connections to popular 8-lead
minidip package are also shown.

it's not necessary to use a null pot. When the null pot
isn‘t needed, just leave pins 1 and 5 open. Fig.1 also
shows the pin numbering and identification for the 741
minidip when viewed from the top. Either a notch at
one end of the package, or a dot in one corner are used
to index the pin numbers. The +V and -V pins are for
power supply connections.

The maximum rated power supply voltages for the
commercial version of the 741 are plus and minus 18
volts, but lower voltages may be used. Two 9-volt bat-
teries will do nicely, but higher supply voltages will per-
mit a larger output signal swing. Current drain will de-
pend on load resistance and output signal amplitude,
because the output circuit of the 741 is a class B comple-
mentary emitter follower. Under zero-signal conditions,

By Courtney Hall, WASSNZ, 7716 La Verdura Drive
Dallas, Texas

will attempt here to concentrate on the peculiarities of
the 741 and not duplicate material already presented.
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however, the quiescent power supply current should be
about 1 mA or less.

dc offset problems

Since the 741 is a dc amplifier, any dc voltage which
exists between the two input terminals will be multiplied
by the gain of the amplifier and can result in a large de
offset at the amplifier’s output. This offset prevents
maximum linear output signal swing. In some cases, the
dc offset can force the output to its limit, and no signal
will appear at the output.

The two input terminals of the 741 are connected
internally to the two base leads of a bipolar transistor
differential amplifier, fig. 2. Therefore, some transistor
base biasing current must flow through each input ter-
minal of the 741. This input bias current can be as high

p———O OUTPUT

fig. 3. 741 op amp with feedback network selected for
a gain of 100. Dc output offset of this circuit will be
unacceptably high because the inputs see a large differ-
ence in resistance,

as 0.5 uA in the 741, but may be typically 0.1 uA or
less. ldeally, the two input bias currents should be equal,
but due to differences in transistors, they may differ by
as much as 0.02 to 0.2 uA. This difference in input bias
current is called input offset current.

To see how this input bias current can effect output
offset voltage, consider the circuit of fig. 3. This ampli-
fier is designed to have a voltage gain of 100 and an

INVERTING [ 2 .
iNpur O T

fig. 4. Both input terminals of this 741 circuit see about the
same resistance, and output offset may be nulled to zero. Gain
of the circuit is 100.

input resistance of 470k. Power supply and null circuits
are omitted for clarity. Suppose the input bias current
for both input terminals is 0.1 uA. The voltage drop
across the 470k resistor connected to pin 3 will be 47
mV. At pin 2, however, most of the input bias current
will flow through the 100 ohm resistor, because that is
the path of least resistance. The voltage drop caused by
0.1 uA flowing through 100 ohms is only 10 uV, so the
input bias current flowing through these resistors pro-
duces a dc voltage difference between pins 2 and 3 of
nearly 47 mV. Since the gain of the amplifier is 100, the
dc output level of the 741 will be 100 times 47 mV, or
4.7 volts under no-signal conditions. This is hardly a
desirable situation.

The offset null adjustment pot (shown in fig. 1) can
only compensate for about 15 mV, typically, of input
offset, so it would be unable to correct for the 47 mV
offset and bring the output level of the 741 back to
zero.

To avoid such problems as this, it is good practice to
arrange the circuitry so that each input terminal of the
741 sees approximately the same amount of resistance;
this will minimize input offset due to input bias current.
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fig. 2. internal circuitry of the 741 frequency-compensated operational amplifier.
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Fig. 4 shows how a resistor may be added to accomplish
this. With this circuit, the dc output level may be zeroed
with the null pot, and voltage gain is still 100. Keeping
all input resistors as small as possible also helps to reduce
input offset, but when a high input resistance amplifier
is needed, this is not feasible. In calculating the resis-
tance that each input terminal sees, find the equivalent
resistance that all the resistors connected to that input
terminal would have if they were connected in paralfel.

Another approach to the dc offset problem is to re-
duce the dc gain of the amplifier to unity while main-
taining the ac gain at 100. Fig. 5 shows how to do this.
Here the dc input offset due to input bias currents of 0.1
MA is 46 mV, but the dc gain of the ampilifier is unity, so
this will result in only 46 mV offset at the output. Such
a small dc output level is insignificant in many cases, and
the null pot would be omitted. The 5 uF capacitor
should be a non-polarized type. Its value was selected to
have a reactance of 100 ohms at 300 Hz, to produce a
lower 3 dB cutoff point for the amplifier at this
frequency.

bandwidth and slew rate

Fig. 6 shows a typical plot of the 741’s open-loop
voltage gain vs frequency. According to this graph, if

iﬂyF

fig. 5. In this 741 circuit the dc gain has been reduced to 1.0,
reducing offset probiems, but ac gain is still 100.

you designed the feedback network so the op amp had a
gain of one, the bandwidth would be 1 MHz. For a gain
of 10, the bandwidth would be 100 kHz; with a gain of
100, the bandwidth would be 10 kHz, and so on. That's
all well and good, but it's not the whole story when
considering gain vs bandwidth tradeoffs,

Slew rate is another parameter of the 741 which re-
quires consideration at the higher frequencies. It is a
measure of how fast the output voltage can change; for
the 741 it is typically 0.5 volt-per-microsecond. This
means that if you design a 741 op amp circuit to have a
voltage gain of one, its bandwidth will effectively be 1
MHz only if the signal level is kept small enough to
comply with the slew rate limitation. Suppose you feed
a 5-volt p-p sine wave signal into this gain-of-one ampli-
fier and start increasing the frequency. At low fre-
quencies, the output voltage would be 5 volts p-p, but
by the time you get to 1 MHz, the output would be
down to the order of 0.25 volt p-p. This is quite a drop
with the input stiil at 5 volts p-p. Thus the bandwidth is
effectively much less than 1 MHz, even though the gain
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fig. 6. Open-loop frequency response of the 741
operational amplifier.

is only one. Moreover, the apparent bandwidth will be a
function of how large a signal you use to measure the
bandwidth!

Fig. 7 shows a typical curve of 741 output voltage
swing as a function of frequency. Below 10 kHz, output
swing is determined by power supply voltage; above 10
kHz, however, output voltage swing falls off rapidly due
to slew rate limitations.

Of course, slew rate directly controls rise and fall
time in non-linear applications. 1f the power supply is
two 9-volt batteries, then the output of a 741 would
typically be able to swing between -7 and +7 volts. At a
slew rate of 0.5 volt-per-microsecond, it would take 28
microseconds to rise or fall between these two levels.

Simple audio amplification is the most obvious use
for 741 op amps, and reference 1 covers most of the
other applications which come to mind. Fig. 8 shows
how simple gain blocks can be cascaded to provide any
desired amount of gain. In order to obtain a 10 kHz
bandwidth for each 741 op amp, its gain is set at 100,
which is equivalent to 40 dB. When two amplifiers hav-
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fig. 7. Output vottage swing of the 741 op amp falis off at higher
frequencies due to slew rate limitations.
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fig. 8. In this circuit two 741 op amps have been cas-
caded to provide 80 dB of audio gain with bandwidth
of about 300 Hz to 6 kHz.

ing 10 kHz bandwidth are cascaded, the overall band-
width drops to about 6.4 kHz; bandwidth of three stages
would be 5.1 kHz. Null pots are not used as the dc
output of each amplifier is typically less than 1.0 volt,
Capacitor coupling should be used between each stage,
however, to prevent the dc offset of the first amplifier
from being amplified by the second.

If volume requirements are not too great, 741 op
amps will drive a speaker at a comfortable room level.
Fig. 9 shows a simple means of matching the output of
the 741 to an 8-ohm speaker. If the peak-to-peak audio
swing at the output of the 741 is 12 volts, the power
into the primary of the output transformer will be about
36 mW. With larger, more efficient speakers, this is ade-
quate for many applications. The 1.0 uF output coup-
ling capacitor provides low-frequency cutoff of about
300 Hz. This capacitor should be a non-polarized type.

conclusions

One ground rule for using 741 op amps is to make
both input terminals see the same amount of dc resis-
tance. Another is that audio bandwidths for voice com-
munication require that each 741 op amp stage have a
gain not much more than 40 dB. Also, don't expect
much output signal swing above 10 to 30 kHz.

1.OpF
(NON POLARIZED)
6

- ||E:‘I]

T!MNS F ORHE R

fig. 9. Method of coupling a 741 op amp to a speaker for applica-
tions where moderate speaker volume is required,

The 741 op amp is inexpensive, readily available, and
easy to use, but, like everything else, it has its limita-
tions. Knowing these limitations will help you decide
when and where to use it.

reference
1. Donald Nelson, WB2EGZ, "'Operational Amplifiers," ham
radio, November, 1969, page 6.
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corner-fed

for
low-frequency dx

Design data

for a

triangular loop
antenna covering

80 through 10 meters

For those amateurs who can’t erect a beam antenna for
one reason or another, a triangular-shaped wire antenna
provides a fair compromise. On these pages you'll find
details of such an antenna that has given a good account
of itself on all the high-frequency bands. It requires little
more space than an inverted vee. However, the antenna
does require some means of support that is at least 70
feet (21.3m) high. Advantages of the antenna are:

A. Feedline can be coax cable, TV twin lead, or open

loop antenna

C. Vertical radiation angle seems to be guite low, which
is needed for DX work.

D. Results on all bands (except 160 meters) appear to be
better for long-haul DX than with the sloping dipole, or
inverted vee, which is band limited.

triangular antennas

Several triangular wire antennas have been de-
scribed.!+2 These are single-band antennas that are varia-
tions of the full-wavelength loop. Such antennas, when
mounted vertically and excited at the center with second
and other even-harmonic energy, radiate straight up --
not the best for DX work.

G3AQC conducted tests of loop antennas close to
ground using vhf modeling techniques.® He found that
full-wave quad and delta loops mounted in the vertical
plane with their highest points one-quarter wavelength
above the ground, fed symmetrically with the feed point
halfway along the base or at the apex, produced high-
angle, horizontally polarized radiation and showed little
superiority over a simple dipole or inverted vee at one-
quarter wavelength height. These configurations are
shown in fig. 1.

If a delta loop is inverted so that it has a flat top and
its apex points down, as in fig. 2, a low-angle, vertically
polarized {obe appears, which is omnidirectional in the
horizontal plane. G3AQC gives details of a practical an-
tenna of this type, which is said to perform well on all
bands from 80 to 10 meters and to have a radiation
resistance of around 200 ohms.

corner-fed loop

Even more interesting is the result obtained when a
delta loop is fed at one end of the horizontal section, as

wire line. By Barry Kirkwood, ZL1BN, 11 Bromley Place,
B. Only one support is needed. Auckland 6, New Zealand
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fig. 1. Full-wave loops close to ground. Radiation pattern is little
different from a dipole at 1/2 wavelength above ground,

in fig. 3. In this case the horizontally polarized radiation
is suppressed. The signal is concentrated into low-angle,
vertically polarized radiation. The radiation patterns are
much the same for both upright and inverted loops;
hence the upright delta loop seemed to be the configura-
tion of choice since it required only a single supporting
mast.

G3AQC gave no information on the performance of
such an antenna on harmonic frequencies. Since the con-
figuration looked attractive, | decided to try such a loop
(270 feet, or 82.3m overall) as an all-band antenna.

A triangular 275-foot (83.6m} loop of insulated
hookup wire was erected with the apex at 70 feet
{21.3m), and the corners of the base were suspended by
insulated cords to nearby trees at 15 feet (4.6m). The
droop of the base section was within 10 feet (3m) of
ground level at the lowest point, which was directly be-
low the apex. Using a simple rf bridge, the length of wire
in the loop was adjusted for resonance slightly above 3.5
MHz, where the radiation resistance was 65 ohms. On
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fig. 2. Inverted delta loop at 1/4 wavelength above ground show-
ing vertical radiation pattern in the piane of the loop. Note the
tow-angle vertical lobe. (After G3AQC.)

the second harmonic (resonance in the 7-MHz band),
radiation resistance was about 200 ohms and increased
slightly on the higher bands, approaching 300 ohms on
28 MHz.

feed system

The antenna was fed with 300-ohm line. An antenna
coupler of the Z-Match type was used to couple the line
to the transmitter, as in fig. 4. The side of the line con-
nected to the base of the antenna loop was grounded at
the antenna tuner, mainly for lightning protection.
(Little or no discernible change occurred in loading or
performance on transmit or receive with the ground con-
nection on or off.)

G3AQC states that this antenna is fundamentally un-
balanced. If it is fed with coax line, the braid should be
attached to the horizontal leg of the antenna.

The antenna can be fed with coaxial cable, twin lead,
or open-wire line with minimal loss and moderate impe-

—— HORIZONTAL POLARIZATION
——=VERTICAL POLARIZATION

RELATIVE
AMPLITUDE

|

fig. 3. Delta loop, corner fed, showing low-angle, vertically polar-
ized radiation.

dances occurring at the transmitter end of the line. An
antenna coupler is recommended, not only for improved
efficiency and hamonic reduction but to prevent out-of-
band signals from overloading the receiver.

evaluation

Antenna evaluation is difficult because of the vari-
ables involved. The task is even more difficult because of
the patchy band conditions that have prevailed since the
loop was erected. The antenna is located on a typical
suburban site, which is cluttered with buildings, small
trees, and power lines. A low ridge is between my station
and the major DX propagation paths: northwest to
Europe and northeast to North America. Comparative
results with other amateurs in Auckland when using
other antennas at ZL1BN indicate that the location is
only fair for DX on these paths, although it is quite good
on the long path to Europe. The antenna is oriented
along a line 110-290 degrees true, which puts it end-on
to Rome and Lima and broadside to Alaska and South
Africa.
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On 80 meters, DX seems at least as good as with an
inverted vee at the same apex height. Too few DX open-
ings have occurred to evaluate directivity, although theo-
retically directivity should be almost omnidirectional on
the long haul. At intermediate ranges, out to about 3000
miles {4800 km) the loop is clearly superior to anything
ever used at this station,

On 40 meters performance appears superior to a
ground plane used previously. Exceptionally good re-
ports have been received both from Europe and the
USA, especially under marginal conditions, which indi-
cates that low angle propagation exists both broadside
and end-on on this band.

Reports from South America have been good, but it's

/\ /CURRENT MAXIMUM
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fig. 5. Possible conversion of loop for 160-meter DX operation.
Counterpoise or buried radial system should be as extensive as
possible, Fanout of ground system below antenna will assist
operation on all bands.
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COAX FEED TO
160m TRANSMITTER

fig. 6. Possible conversion of lfoop to a vertical monopole radia-
tor for 160 meters,

top band

No attempt has been made to try the loop on 160
meters. If the loop were opened opposite the feed point,
it would resonate as a dipole on that band, but results
would not be good, since the current point would be
close to the ground. It might be better to open the hori-
zontal leg of the loop so that the current point would be
at the apex, and the other side of the feeder could be
connected to a radial or counterpoise ground, as shown
in fig. 5.

Another possibility might be to feed the lower geo-
metric center with a single wire and work it against

fig. 4. Practicat corner-fed mulitiband delta loop. Feedpoint
impedance ranges between 70 ohms on 80 meters to 300
ohms on 10 meters.

T H5 FT
(35.1m)

I5FT

46m)

possible that radiation is better in the direction away
from the point of connection of the feedline. Signal
strengths from the loop run about 3 dB below antennas
of nearby amateurs using Yagis at 40 to 60 feet
(12-18m) above ground. Signals are weaker broadside to
the plane of the antenna, The answer might be to sus-
pend a bisquare array or quad loop for 20 meters in the
plane of the big loop. This combination could give good
coverage on 20 meters and would be inexpensive and
easy to install,

Poor band conditions have prevented an adequate
evaluation of performance on 21 and 28 MHz. The rela-
tively few contacts made indicate that the pattern is
similar to that on 14 MHz with broad lobes off the ends
of the loop and nulls on the sides.
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ground (fig. 6). According to Krause* a half-wave loop
fed in this way should show true resonance as a vertical
qguarter-wave antenna against ground without loading
coils. All such experiments can be carried out at ground
level.

references

1. Edward Noll, W3FQJ, ’‘Triangle Antennas,’”” ham radio,
August, 1971, page 52.
2. Pat Hawker, G3VA, "Multiband Loops and Quads,” Radio
Communication, February, 1973, page 100.
3. L. V. Mayhead, G3AQC, "Loop Aerials Close to Ground,”
Radio Cammunicatiaon, May, 1974, page 100.
4. John D. Krause, W8JK, Antennas, McGraw-Hill Publishing
Company, New York, 1951.
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1929 - 1941

of amateur radio

An informal review

of the technical aspects

of yesterday

that form the basis

of modern

communications technology

Once upon a time, in an era seen through an opaque veil
of memory, there existed a Golden Age of amateur
radio. Forged in the boom-and-bust year of 1929, the
period ran until December 7, 1941, when amateur radio
was closed down ‘‘for the duration”’,

These dozen years encapsuiated impartant technical
developments that form the basis of amateur radio to-
day. The period opened with the demise of the battery-
operated radio and closed with amateur radio into the
developmental stages of vhf fm techniques, single side-

the golden years

advancement, with the shadows of the great depression
and the coming World War always in the background.

It was during the Golden Years that the amateur
population of the United States exploded (fig. 1). The
number of amateurs jumped from 16,829 in 1929 to
54,502 in 1941, the greatest growth being in the years
between 1929 and 1934. Before 1929, the American
public was bemused by radio broadcasting, which
reached the proportions of a craze. New radio stations
were coming on the air daily, battery receivers and do-it-
yourself kits were popular, and the general public adopt-
ed the new sport of radio listening much in the manner
of later fads such as miniature golf and the hula hoop.
However, by 1929 the broadcast craze was over. The
battery radio had given way to the ac operated receiver,
which was rapidly becoming a piece of household furni-
ture instead of a seven-day wonder, and commercial
broadcasting was a way of life. Until then amateur radio
had been overshadowed in the public eye by broadcast
listening (an immensely larger hobby) and had remained
an esoteric retreat for a few dedicated individuals and
eccentrics -~ a compact group shielded from the general
public by their reticence, and by a widespread interest in
broadcast reception.

Gradually the general public became aware of short-
wave radio, due partly to the publicity given radio ama-
teurs who pioneered the advance into the shorter wave-
lengths and led the way on long-distance, high-frequency
communications. About the same time, international
short-wave broadcasting was started by a few pioneering
stations and the American public was thrilled to hear the
sounds of Big Ben in London rebroadcast across the
country via a transatlantic short-wave relay.

By Bill Orr, W6SAI, EIMAC Division of Varian, San
Carlos, California 94070

band, double-conversion receivers and high-gain beam
antennas. It was a period of confusion and technical
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At the depth of the great depression in 1932, with
over one-third of the work force unemployed, young
men with idle time on their hands discovered amateur
radio and the exciting short waves. Almost overnight
short-wave listening and amateur radio caught the public
eye and boomed. Short-wave reception, a quick fad, was
featured in weekly newspaper columns and the new
radios of 1933, in their pristine cathedral-shaped cab-
inets, boasted at least one short-wave band on their
multi-colored dials.

the radio amateur of 1930

The radio ham of 1930, probably unemployed, with
little money and plenty of spare time, faced the serious
problem of getting on the air at little or no cost to his
flat wallet. His technical background was that of a high-
school graduate, or a graduate of an electrical corre-
spondence or trade school. Only a small percentage of
amateurs were college engineering graduates. Many of
the older radio amateurs, of course, worked in the radio
industry or in broadcasting, but the just-licensed ama-
teur did not seem to follow the pattern set by his elders.

The task of assembling a ham station was formidable.
While many radio stores existed — many more than
today — credit was unknown and all purchases were for
cash. The price of components and equipment was start-
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fig. 1. Amateur radio experienced five years of explosive growth
between 1929 and 1934, the “‘population’’ going from 17000 to
47000. This was due, in part, to the end of the broadcast craze
and the introduction of the ac-operated, entertainment broad-
cast radio. All through the 1920s the American public had a love
affair with broadcasting and building broadcast receivers was a
popular pastime, When the great depression arrived in 1929
many young men found themseives unemployed with plenty of
time on their hands. Short-wave radio provided the next great
interest, and amateur radio grew accordingly, 8y the start of
World War 1, the U.S. amateur population stood at about
53000.

lingly high considering the state of the economy. A high
schoo! graduate would be pleased to get a job paying $6
a week for 50 hours of work, and radio technicians, on
the average, earned from $20 to $30 a week. Most radio
components and tubes, however, cost more in 1930 then
their modern counterparts do today! It was not until
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C1,C5 500 pF variable (Cardwell)

c2 250 pF mica

c3,ca 5000 pF mica

L1 10 turns no. 12 (2mm) enametled wire on 2-1/8"
(5.4cm) diameter bakelite form, Winding length is 212"
(6.4¢cm)

L2 Same as L1. Adjust spacing between coils for proper
coupling

R1 50k, 2-watt | RC metallized resistor

R2 50-ohm wirewound resistor, center tapped

fig. 2. The series-fed Hartiey oscillator. Operating in the 80-
meter band with a plate supply of 300 volts, this transmitter
provides a 7-watt signal. In addition to the components listed
above, also needed are five Fahnestock clips, a 4-prong tube
socket, and two brown ‘‘beehive’ insulators to support the coil.
Antenna is connected to a series-tuned circuit which is induc-
tively coupled to the oscillator coil.

about 1934, when the radio industry geared up for large
scale production of inexpensive household radios, that
the cost of components dropped sharply.

Nevertheless, the newcomer was not without sources
of radio parts. He scrounged from his friends, haunted
the dusty back room of the local radio repair shop for
castaway battery receivers, and took an occasional trip
to the “radio row” of the nearest big town. With a free,
broken-down battery receiver, a few used tubes and a
cheap B-eliminator power supply he was ready to build
his station and get on the air. Many of today’s old timers
remember this adventure well. This is the story of how it
was done, and the results.

1930 beginner’s transmitter

The development of the amateur receiver will be dis-
cussed at a later date, but here we’'ll concentrate on a
representative beginner’s transmitter of the early 1930s.
One or two basic circuits were widely popular at that
time, circuits that were easy and inexpensive to build
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and sure-fire in operation. Both were single tube, oscil-
lator-style transmitters.

The transmitter was designed around available parts
and a good starting point was the readily obtainable,
defunct battery receiver of the late twenties. During the
lean years of the early 1930s the great majority of ama-
teurs worked CW with a power input of 50 watts or less

One of the most popular transmitter circuits of the
time that was passed hand-to-hand among the newer
amateurs was the simple series-fed Hartley oscillator, a
simple one-tube transmitter that worked well with many
of the triode receiving tubes then available for a few
cents (fig. 2). The whole transmitter used only one tube
and eight parts including the tube socket! This rugged

fig. 3. The way it was done in 1930. Using a single 45 tube, this littie transmitter gives a good amount of itself in 1976. Built of

parts taken from a defunct battery receiver, the Hartley transmitter cost littie or nothing to build,. High-C circuit provides good

stability and when run from a regulated 300-volt power supply, the rig provides a good 1976-style signal. A 160-meter version of
this transmitter is shown in the May, 1932 issue of OST.

and many amateurs enjoyed operating with a power level
of only 5 or 10 watts. With luck, then, a beginner could
join this group and have a lot of fun. The old battery
receiver could be torn down for parts, and it was easy to
buy a second-hand B-eliminator power supply that, for a
dollar or less, would provide about 180 volts at 40 milli-
amperes, That would suffice for a 5-watt transmitter and
a lot of amateur stations all across the U.S. could be
worked with that power and a good antenna!

For a few more dollars a 300-volt power supply could
be assembled from junk parts to provide the amateur
with a real transmitter — upwards of 20 watts input. The
possibilities were limitless!
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and reliable circuit used inductive feedback coupling be-
tween the grid and plate of the tube to sustain oscilla-
tion, A very high-C tuned tank circuit minimized the
effect of capacitance changes and provided dynamic sta-
bility to the oscillator. The simple components were
firmly screwed to a heavy board which was isolated from
the operating table so that any vibration caused by mani-
pulation of the key would not be imparted to the oscil-
lator. When run from a power supply that had reason-
ably good regulation, and used with a taut antenna that
did not swing in the wind, the little transmitter sounded
as good (or better) than some of today’s more sophisti-
cated equipment.



A re-creation of the famous 1930s Hartley trans-
mitter is shown in the photograph of fig. 3. Builtin 1976
with hard-to-find 1930 components, this rig has been on
the air and has been used to work a number of stations
on 80-meter CW, Using a 245 triode at 300 volts and 50
milliamperes plate current (15 watts input), the trans-
mitter puts out a solid 7 watts with good stability. The
245 was a popular tube because it could often be
obtained free, for a few cents used, or as a manufac-
turer's “‘second”’ for 39 cents.

A Cardwell receiving-type variable capacitor is used,
and the tank coil is wound on a genuine bakelite form.
The bypass capacitors are uncased mica units, rugged
and reliable, but already going out of style as bakelite-
cased capacitors came into vogue in 1930. Time to as-
semble and test the transmitter is about three hours,
including giving the ""breadboard’’ a coat of shellac.

The transmitter is keyed in the filament return cir-
cuit. Since no waveshaping is included, the keying is
hard so the resultant waveform may distress a nearby
amateur who is operating close to the frequency of the
midget transmitter. Any attempt to include a keying fil-
ter should be approached with caution as softening of
the keying tends to place a "yoop” on the signal. A
slight amount of filtering, however, can be used to ad-
vantage without disturbing the crystal-like note of the
transmitter.

The rf plate impedance of the 245 oscillator is about
3000 ohms. The L/C ratio of the plate tank circuit pro-
vides a Q of about 30. The circulating current in the
tank circuit, therefore, runs about 6 amperes. The tank
coil and leads to the variable capacitor are made with
number-12 (2mm) wire to carry this amount of current.
The oscillator runs well into the class-C region as the rms
grid voltage is close to 140 volts. The u of the 245 is 3.5
so a cutoff voltage of about 85 volts is required at a
plate potential of 300 volts.

The simplest antenna for the little transmitter is a
66-foot (20m) end-fed Marconi, working against ground.
A series-tuned circuit, consisting of a coil and capacitor
(whose values are approximately the same as those in the
main tank circuit) can be used. Alternatively, the same
series-tuned circuit can be used to match into a coaxial
feed system for a dipole or inverted-V antenna. At
WBSAI, a simple 66-foot (20m) wire is used for contacts
up and down the West Coast.

transmitter power supply

A bonanza existed for the penny-pinching 1930’s
amateur in the flood of obsolete B-eliminator power sup-
plies which were rendered useless by the advent of ac
operated broadcast receivers. These units provided up to
180 volts dc at 30 to 50 milliamperes and were intended
as a replacement for the messy and short-lived B-battery.

Reaching the market in quantity about 1926, the B-
eliminator solved the rectifier problem by side-stepping
the vacuum diode, going instead to a unique gas rectifier
which required no filament. The 8-H tube, designed and
manufactured by the Raytheon Company was the

answer, and multitudes of these tubes were available to
the 1930 amateur for as little as five cents apiece in
the storage bins on radio row (fig. 4).

The B-H tube operated on the principle of electron
conduction in a gas. Basically, when a potential differ-
ence exists between two cool metallic surfaces separated
by a gas, the few free electrons in the gas move toward
the positive (anode) terminal at a rate which is depend-

g

fig. 4. An early full-wave rectifier: the Raytheon BH tube. De-
signed for B-eliminator service, the BH tube provided up to 180
volts dc at a maximum current of 50 milliamperes. A late pro-
duction BH tube is shown at left, with an early, brass-based
predecessor, the B tube at right (the H standing for *“‘heavy
duty''). The larger B tube was rated at 30 milliamperes. Both
tubes were gas types with no filament. Shortly after the BH tube
was designed it was made obsolete by the 280 (later type BO)
vacuum rectifier.

ent upon the potential gradient. As the gap is decreased,
the gradient is increased to a point at which the elec-
trons attain sufficient velocity to knock an electron off a
gas molecule, thus multiplying the number of negative
particles. The gas now becomes a conductor.

When one electrode is larger than the other, the cur-
rent will flow from the large electrode to the small one,
and when one electrode is point-size, the current flow is
practically unidirectional. This means that the anode
must be very small in size compared to the cathode and,
unfortunately, the anode dissipation is high per unit
area. As a result anode material and insulation assume
critical proportions.
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The problem of building a gas rectifier tube that
would work, and deliver reasonable life, was finally
solved by a research team under the direction of Dr,
Vannevar Bush at the Massachusetts Institute of Tech-
nology in 1924.* A special, heat-treated alloy was used
for two pin-point anodes, which were surrounded by the
larger cathode (fig. 5). The “‘short-path principle’” was
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fig. 5. Interior of the BH gas rectifier. In a gaseous atmosphere
electrons flow between two conducting points. If one electrode
is larger than the other, the current flows from the large elec.
trode (negative) to the small electrode (positive). With a point-
type anode the reverse current flow is very small but anode
dissipation is severely limited by the small area of dissipation,
The ‘“short-path’’ principle (discussed in text) is used to insure
that electrons strike the tips of the anodes, Speciat, high-temper-
ature lava insulators are used to insulate the tips from the cath-
ode **hat’" and glass press,

used to provide a good insulating ring between the
anodes and the cathode. This postulate states that a rare-
fied gas is an insulator between two areas in close proxi-
mity if other paints exist in greater proximity. Thus, to
provide a good insulating ring around the anodes and the
cathode, the hat-shaped cathode was shaped so as to
completely pass around the cathode supports to utilize
the “short path’’ principle as an insulator. Since the dis-
charge cannot pass between the areas in close proximity,
only the points of the anodes are struck by the elec-
trons, leaving the insulating material far enough away
from the anode heat and the possible disintegrating
effect of high temperature. A complete description of
the BH tube appeared in the November, 1925, issue of
QsT.!

Viewing those days from these days, it is difficult to
see why this round-about approach was taken to develop
a full-wave rectifier as diode conduction had been
known for many years and various companies were
manufacturing vacuum diodes as rectifiers for telephone
equipment.

*The BH tube was developed from pioneering work in the field
of gas conduction done in 1916 by Charles G. Smith of Ray-
theon, aided by J. A. Spencer and M. Andre of La Radio Tech-
nique of Paris, France. By 1926 more than twenty companies in
the United States were licensed by Raytheon to manufacture B-
eliminator units using the BH tube.
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A logical guess is that a patent problem existed in this
area. Looking back, it appears that oxide-coated fila-
ments were generally used by the Western Electric Com-
pany and thoriated tungsten filaments were used by
RCA and their licensees. Since, by agreement, the Wes-
tern Electric Company was not in the home-entertain-
ment radio business, the possibility exists that the oxide-
coated filament was denied RCA and one of the
licensees (Raytheon) turned to the gas tube as the only
alternative.

Regardless of the actual reasons, technical or other-
wise, the first ac power supplies sold to the general
public in large quantities used the Raytheon B-H tube
and these, in turn, were obsoleted by the double diode,
oxide-coated filament 280 rectifier tube which shortly
became available through some mysterious inner work-
ings of the infant entertainment electronics industry.

on the air

And 5o the amateur newcomer was finally on the air)
The receiver, a two-stage job using a 201A detector and
201A audio amplifier, was also built from a defunct
battery receiver and could be run from the same B-
eliminator as the transmitter. An old automobile storage
battery provided the filament power. Sometimes a pair
of 199 tubes would be used in place of the 201As —
then a no. 6 dry battery would suffice for filament
power. With luck the whole station could be assembled
for less than five dollars.

The results? Since most amateurs ran low pow